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(see Safety). 
Compressors). 


Accidents prevention 

Air compressors (see 

Alarms (see Signals). 

Alternator. proper foundation 
Fisher), 492. 

Ammeters (see under Meters). 

Ammonia compressors, power drive equipment 
for (Gordon Fox). 106. 

Are welding (see Welding). 

Armatures (see under Motor reconnection and 


repair). 

Association of Iron and Steel Electrical Engi- 
neers: 

Convention program, 282. 

——Convention, report of, 297. 
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Babbitt (see under Bearings). 
Batteries, storage: 
Boxes, cleaning dirty, 148. 


——Charging: g 
(H. T Achee), (Carl G. Howard). 


for (H. D. 


H. H. Metzenheim), (Grady H. 
Been (C. L. Umberger). 
(E. J. Evish). 583. 
Generator, trouble with (E. J. Morris- 
sey), 584. 
Selecting, equipment (John H. Hert- 
ner), 171. 
Bearings: 
— Alignment, checking (H. E. Stafford), 330, 
Donald A. Hampson), *%374. 


Anti-friction, on steel mill motors (A. G. 
Place). 260. 
Ball: 
Improper use of thrust. bearings on 
worm causes trouble (G. A. 
Luers), 146. 
Installing. in lineshaft hangers (Don- 
ald A. Hampson), %424. 
Lubrication of, recommendations for 
H. R. Reynolds). 
Babbitt: 


Armature, proper, for (L. reas 
(Svend E. e (J. 
Walsh). (Chester A. 'Williama), 
32, (R. Pruger), 194. 

Wire used as gage when during (Don- 
ald A. Hampson). 33. 

Friction in, chart to determine horse- 
ower loss from (W. F. Schaphorst). 


——High-pressure, selecting (E. H. Laabs), 

Lubricants. equipment used for eine 
(Frank E. Gooding), 213. 

e motor (Frank E. Gooding). 


i Precautions to take when, 
X oller. using grooved caps to prevent oil 


seepage from, 95. 
Wet locations, in (Claude D. Martin). 
D. Fisher). (E. 5 a 
ald A. Hampson), 
Belts (see also Motor ea 
——Age limit for a. what is the (Practical 


(H. 
(Don- 


Pete). 153. 
Application and care of leather (J. R. 
Hopkins), 464. 
Are of contact on drives. chart for deter- 
mining. 4314. 
Capacity of. under operating conditions (R. 
F. Jones), 5165. 
——Crossed-, drives. operating characteristics 


of (R. F. Jones), 267 

Dressing. adjustable holder for applying 
stuk, 13. 

Elevator, operator services, in small plant, 


—-Maintenance kinks (W. L. Johnson), 
——Oily work, selecting, for (E. L. Way), 
liam D. Young), 286. 
Pulley for fabric-hase, Aer mining size of 

( F. Schaphorst), 339 
Size for this drive (E. E. Sigel). (W. F. 
Schaphorst), (Claude O. Streeter), 
(Donald A. Hampson), (J. R. Hop- 
kins), 1. H. Laabs), (W. P. Iwen), 
(John B . Rafoske), °578. 
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Belts (Continued): 
Static on belt-driven machine, trouble with 
(A. C. Barker), (Donald A. Hampson), 
493, (W. F. Schaphorst). 588. 
Uneven, made to run true. 338. 
——Whims be your guide in laying out power 
drives, do not let (editorial comment), 


231. 
Woodworking machines, for (Donald A. 
Hampson), 147. 


Bonus plan to maintenance work, applying a 
(R. M. Hidey and Henry Hylkema), 


* 345. 
Books, practical: 
Alternating currents (Carl Edward Mag- 
nusson), 4. 
——Alternating current and = alternating-cure 
rent apparatus, elements of (J. L. 


Beaver). 245. 

Belt conveyors and belt elevators (Fred- 
erick V. Hetzel, M. E.). 592. 

one a magnet wire (Charles R. Under- 
111) 

Controllers for eleatric motors 
Duvall James), 544. 

Electricity and the structure of matter 
(L. Southerns). 103. 

Engineering, electrical (Clarence V. Chris- 
tie), 245. 


(Henry 


Flour manufacture, process of (P. A. 
Amos), 245. 

Health maintenance in industries (J. D. 
Hackett), 103. 

Industrial electricity, part II (Chester L. 


Dawes). 245. 
light. photometry and illumination engi- 
nieering (Wiliam E. Barrowasl), 103. 
Lubrication. power plant (William Far- 
rand Osborne). 103. 
Machinery erection, electrical (Terrell 
Croft), 103. 
——Machinists’ handbook. American (Fred H. 
Colvin and Frank A. Stanley), 544. 


Mathematics for engineers (Raymond W. 
4. 


Dull), 

page pele 5 (Bradley Stough- 
on 

Moor, ae induction (Herbert Vickers), 

Power-factor wastes (Charles R. Under- 
hill). 245. 

Radio. practical (James A. Moyer and 


John F. Wostrel), 245. 
——Rewinding small motors (Daniel H. Bray- 
mer and A. C. Roe), 
——Safety organization. industrial (Lewis A. 
De Blois), 592. 
——Standard (H. C. Cushing). 592. 
Transients, electric (Carl Edward Magnus- 
son). 692. 
Transmission circuits, electrical character- 
istics of (William Nesbit), 592. 
——wWiring, signal (Terrell Croft), 245. 
Wiring. standard (H. C. Cushing, 


544. 
Writing. English applied in 
(Clyde W. Park). 544. 
Brake coil to 60-cycle service changing 25. 
cycle (E. H. Laabs), (Nicholas J. 
Weiss), (J. M. Walsh), 381. 
Brushes; reducing amount of supplies in stock 
will lower operating costs (editorial 
comment), 422. 
Buildings (see Plants). 
Bus, connecting generator to (H. D. Fisher), 
H. Arnold), 584. 


C 


Cables (see also Wire): 

Box, what causes 5 of the (R. N. 
Vining), (E. D. Carter), (E. J. Mor- 
rissey ), (D. W. Hamilton), (Charles 
H. McSpiritt), (Lee F. Dann). (H. 
Earl Heron), (William McGuire), (E. 
E. Se 429. (H. E. Stafford), 
„ . Emerson), (T. H. Arnold), 

lead-sheath, wiping 


681. 

——Joints in lead (Al. 
Fiers), (E. I. Pease), 533. 
—Splices, how much insulation should be 

put on (Grady H. Emerson), (E. J. 
Morrissey), 377. 
—Steel-armored, European practice in layin 
(P. Van Herk), 495. n 
Tying small, 


Jr.), 
technical 


a handy stitch for use when 
(A. C. Roe). 2144. 
Caldwell & Son Co., H. W., 


revamping distri- 
Me system of 


(J. 8. Nellegar), 


Chain drive (see also Motor drive): 

——Gears, stopping breakace of (A. B. Wray), 
(E. H. Laabs), *87, comment, (W. A. 
Warrick), 241. 

— —Pinion on, repairing worm flange on (Don- 

ald A. Hampson), „ 

Silent. e the most frou (A. B. Wray), 


Silent, on 1 equipment (Frank E. 
Gooding). 
Textile mill e T increase (Thomas 
A. Sizemore), 434. 
(Donald A. 


Woodworking machines 
14 
Indicates illustrated articles 


for 
Hampson), 


Charts (see Records): 

Circuit breaker, rewinding blowout coil (A. C. 
Roe), 148. 

Clutches: 


Horsepower of, how to determine (R. W. 
Knorr), (Edward James), (J. L. 
Lemly), 33. 

Should not always be blamed for the 
trouble they may give (editorial com- 
ment), 526. 

Coal (see Handling materials): 

Coffin, chau A., death of (editorial comment), 


Coils 


pair): 

Sonn n (see Signals): 

Commutators (see under Motor reconnection 

and repair): 

Compensators (see under Motor control): 

Compressors: 

Air, power drive equipment for (Gordon 
Fox), 13. correction, 207 

Ammonia, power drive equipment 
(Gordon Fox), 106. 

Conductors (see Cables and Wire): 

Conduit (see also Wiring): 

Bending, measurements required for (Ovide 
C. Harris), (George W. Stirton), 140. 

Fishing through, by using conveyor wire 
(A. J. .). 494. 

—Grouping of wires in, for two-phase sys- 
tem (H. J. Achee), 532. 

Heating caused by carrying each phase of 
3-phase circuit in separate (S. H. 
Samuels), 93. (C. Otto von Dannen- 
berg), : 6. 

Laying, for difficult underground installa- 
tion (Grady H. Emerson), 4. 

Connector for hard service, portable power (R. 


Vorderstrasse), 3386. 
Contest, (Practical 


(see Ader Motor reconnection and re- 


for 


record of accomplishment 
Pete), 575. 
Control, motor (see Motor control): 


Converters, meters used as reverse current re- 
lays prevent racing of rotary (R. C 
Stevens), 335. 

Convevors: 

Billet, use of ee rolls on 
( Corey), 88. 
Lubricating, eer in (Frank E. Good- 
ing), 513. 
Costs: 


Education in material, will help to prevent 
waste (editorial comment), 281. 
High operating, low price will not compen- 
sate for (editorial comment), 31. 
Maintenance, let the repair shop help to 
cut your (editorial comment), 83. 
Operating and maintenance, reducing, 66. 
Operating. reducing amount of supplies in 

res will lower (editorial comment), 
— Production, money kept in the bank will 
not cut (editorial comment), 372. 
Today we think but next year we know 
(Practical Pete), 421. 
Couplings on motor drives, using flexible 
(Gordon Fox), 
Cranes (see also Handling N and Hoists): 
Lubrication of (Frank E. Gooding), 406. 
— Overhead traveling, rules for safe operation 
of (editorial comment), 231. 
——Safe operation of electric overhead travel- 
ing, rules for, 299. 
Traveling, checking alignment of bridge on 
(R. N. Vining), 192. 
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Demagnetizer on direct current. operating a.c. 
Otto von Dannenberg). . L. 
Hartman), 89. 

Demagnetizing a lathe (O. C. Umberger). 
ald A. Hampson), 5493. 
lighted from beneath, F of 

tracing (August Jeffers), 9207 
Diagrams (see Records). 
Distribution: 
Layout in candy factory (J. L. Merrill), 


a 


(Don- 
Desk 


Revamping, system of 30-year old indus- 
trial plant (J. C. Nellegar). 201. 
—Two-phase, four-wire system to two-phase, 
three-wire system, changing (Phil D. 
Comer). (A. Noeppel), (C. Otto von 
Dannenberg). (E. D. Carter). (W. 
Montelius Price), (P. Van Herk). 
(W. D. Hurlbut), 237. 

Drawbridge, size of motor required to operate 
(R. F. Emerson), (E. I. Pease), 36, 

(E. H. Laabs), 0532, 


E 


30. 82, 


372, 422, 


Editorial comments. 134. 182, 230. 

280, 328, 488, 526, 576. 

Electric Power Cinb’s standards of design and 
performance (Practical Pete), 40. 

Electromagnet (see Magnet). 

Employee relations (see Job. the). 

Equipment (see New equipment). 
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Factor, power (see Power factor). 
Failures, daily record of all equipment (J. H. 
; Gallant). *79. 

Filing (see Records). 

Fire (see also Safety). 

Departments, organization of 
plant (A. A. Beckworth), 

Extinguishing appliances, precautions to 
take against freezing of. 29. 

The best time to fight, is before it starts 
(editorial comment). 488. 

Fixtures from wooden beam. suspending heavy 

(Nathan W. Blanchard). 238. 


industrial 
368. 


Furnace. electric: 
Annealing relay parts. for, *587. 
Bath.  electrically-heated (Cranston H. 
Carpenter), *508. 
Fuses: 


lips before vou blame the fuse, examine 
the (editorial comment). 31. 


Renewable, care of (F. D. Hewlett); 337. 


Studs, cause of heating of (E. J. Morris- 
sey), (Harold H. Steele), (L. T. John- 
son). 530. 


Testing block for plug and cartridge. simple 
(Nathaniel W. Blanchard), 288. 


G 
Gears: 


Bevel, driving pedestal emery grinder with 
Donald A. Hampson), 242. 

— Breakage of. stopping (A. B. Wray), (E. 
H. Laabs) . 287. comment A. 
Warrick), $ 

Non-metallic, drives to prevent noise (Frank 
E. Gooding), 0549. 

Non-metallic, use of (H. J. Achee), (Grady 
H. Emerson), (E. H. Laabs), H. D. 
Fisher), (Donald A. Hampson). 490. 

election of. and pinions for steel mill 

service (D. W. Blakeslee), 387 

Generators: 


Battery charging. trouble with storage (E. 
J. Morrissey), 584. 
(H. D. Fisher). (T. H. 


r 


Bus. connection to 

Arnold), 584. 
——Concentric chain winding on à. with two- 
layer type, replacing (A. C. Roe). 
ƏD 


Exciter. how single brushes caused reversal 
of polarity on (C. Otto von Dannen- 
berg). 538. 

——50 years ago, of (Practical Pete), °105. 

——_-Low-voltage will not excite (Cecil W. 

Zimmer). (William P. Amanns), (C. 
Otto von Dannenberg). (Claude 
Martin), (Guy H. Wintersteen), (J. 
M. Zimmerman). 141. (A. C. Roe). 
one Ferguson), (George Ring- 
ness), . 
Overload protection for (E. J. Morrissey). 
(Grady H. Emerson). 334. (C. Otto 
1380 Dannenberg). (George Cropper). 

Panel to control two, layout of (J. M. 
Walsh), 495. 

Two paS winding er paa to three-phase 


. C. Roe). ; 
Glass. e noles through plate (Robert 
D 


uckett), (Phil D. Comer), (H. 3 

Fisher). (Edward James), (Martin G. 
Lane), (J. C. Bray), 86. 

Gloves, marking rubber (E. J. Morrissey). (Phil 
D. Comer), 376. 

Grease (see Lubrication). 

Grinder: 

Automobile parts, made from (J. P. Kin- 

caid), 292 


Pedestal emery, with bevel gears, driving 
(Donald A. Hampson). 42. 

Grounds: 
onnections, determining resistance of (C. 
H. Funderberg). 535. 

Detectors for use on low-voltage systems 
J. M. Zimmerman). 433. 

Testing for, method of (R. N. Vining). 240. 


Growler, winding data for (Lee F. Dann). 
(Harry J. Achee). (Nicholas J. Weiss). 
9284. 

Habits: the man who delivers the goods 


(Practical Pete), 1. 
Handling materials (see also Conveyors, Cranes, 

Hoists, Trucks, ete.): 
Larry car service comparative advantages 
of a.c. and d.c. motors for (R. F. 


Emerson). 382. 
ift gno camy operations (Practical Pete), 


of steel mill yard 
oil-electric (edito- 


Locomotive reduce cost 
switching. will the 

rial comment). 182. 
——Lubrication, is your equipment getting 
proper (editorial comment), 422. 


Tanks, acetylene and Oxygen (D. W. 
Blakeslee), 524. 
Tramways, interlocking control system for 


overhead (R. F. Emerson). 238 


Yard switching and mill transportation 
ane B. Potter and G. H. Shapter). 
Hangers (see Shafts). 
Heating, electric (see also Furnace): 
Applying. in industrial plants (N. R. 
Stansel), 154. si 
Association of Iron and Steel Electrical 


Engineers, committee report (W. 
Chandler, Jr.). 301. 
Factors that determine when, can be used 
to advantage (Wirt S. Scott), 272. 
=== Liqui gmd compounds, of (Lee P. Hynes), 
a + . d 


INDEX 


coke-fired 


Heating system. do not include the 
(editorial 


Salamander in your plant 
comment), 526. 
Hoists (see also Handling materials): 
Lubrication of (Frank E. Gooding). 406. 
Motor due to mechanical cause. supposed 
electrical trouble with (G. H. Emer- 
son), 337. ; 
Slope. motors. chart for determining 
horsepower of (Charles F. Cameron). 


384. 
Hose lines lying on floor. protecting. 9143. 


1 


Incandescent lamps (see Lamps). 
Inspection and maintenance: 


Inspection: 

You can save trouble later on by 
overhauling equipment now (ed- 
itorial comment), 329. 

Maintenance: 

Are you taking advantage of the 

progress made in, practice? (ed- 
itorial comment), 328. 


Belt. kinks (W. L. Johnson). 42. 
Bonus plan applied to. work (R. M. 
Hidey and Henry Hylkema), 345. 
By- products of. do not overlook 
valuable (editorial comment), ' 
Costs, let the repair shop help to cut 
our (editorial comment), A 
Costs, reducing operating and, 66. 
Department full eredit for what it 
does, do you give the (editorial 
comment), 82. 
Eighty industrial plavts. 
organization methods (G. 
Brunt), 57. 
Mechanical. policies aud 
(Hugo R. Slivinski). 6 
Studebaker Corporation, in 
Rassmussen), 50. 
Welding in plant, are (F. A. Hage- 
New equipment to chance, do not leave the 
care and operation of (editorial com- 
ment), 135. 
Installation (see Motor installation). 
Instruments (see Meters): 
Insulation: 
Dirty. and high voltage are & dangerous 
combination (editorial comment), 30 
Resistance and dielectric strength, com ; 
parison of (T. B. Whitson). 537. 
Resistance of electrical equipment. testinu 
(H. E. Stafford), 585. 
——tTesting for faulty (R. N. Vining). 40. 
— Testing. with high-frequency voltage (J. L. 
Rylander). 129. 
Varnishes (see Varnishes) : 
Wire: 
Magnet. for repair shop work, on (A 
C. Roe and D. H. Braymer), 415. 
Used in repair work, for (A. C. Row 
and D. H. Braymer), 521. 
equipment that you need but dn 
have, take an (editorial com: 


practice and 
A. Van 


F 
(William 


Inventory of 
not 


ment), 31. 
Iron and Steel Electrical Engineers (see Asso: 


ciation of). 
Job, the: 


Assistants for future plant programs, build- 
E a force of (editorial comment). 

Decisions get you into trouble, do not let 
quick (editorial comment), 

Don't forget the days when you were 
starting out (editorial comment), 230. 

Draw on the experience of other men in 
solving your problems (editorial com- 
ment), 280. 

Exchange of operating experiences. do 

you welcome the (editorial comment), 


373. 
Have | es a good job? (Practical Pete). 
Í. 


If you show appreciation for good work, 
you will get more of it (editorial com- 
ment), 135. 
Library. are you and 
advantage of the public? 
comment), 576. 
Poor work and shirked 
not be covered up 
comment). 423. 
Selecting the best method is an important 
part of any (editorial comment). 182. 
——Thinking up good ideas ia the job of 
everyone on the force (editorial com- 
ment), 423. 
We do not read enough or well enough 
(Practical Pete), 327. 
Joints, simple_ kinks for making tight (Donald 
A. Hampson), 207. 
Junk pile is a measure of progress. the size of 
the (editorial comment), 231. 


Labor (see Job). 
Lamps (see also Lighting) : 

———Consumption too high, is this (F. B. Wil- 
liams). (D. W. Blakeslee), 185. 
Overvoltage on, may cost more than you 
realize (editorial comment). 135. 
atmosphere of explosive 


your men taking 
(editorial 


responsibility can- 
forever (editorial 


Protection in 
dust. 5 
comparative advantages of 


Larry car service. 
a. Emer- 


c. and d.c. motors for (R. F. 
son), 382. 
Lighting (see also Lamps): 
Daylight quality has many uses in industry, 
artificial light of (editorial comment), 


or 


®* indicates illustrated articles 


III 


Lighting (Continued) :- 

——Finish and assembly work on & moving 
conveyor, 335. 

Getting the most from your, system (Roy 


Palmer). 275. 
——Good, costs less than nothing (editorial 
comment). 0. 
Paint in industrial plants, value of (M. 
Luckiesh and E. W. Commery). *350. 
Requirements, chart for determining 


(Charles F. Cameron), *93. 
ire factory, planning & system for & 
(Philip Chapin Jones). 160. 
——-Utilization of light has lagged in the 
parade of progress (editorial com- 


ment). 578. 
Window. factors that influence efficiency 
of, i 
Window light, control of, 455. 
winter preparations, don't leave the ligbt- 
ing system out of your (editorial 


comment), 489. 

Lightning protection for short overhead line 
(H. J. Achee), (B. P. Diehl), (E. J. 
Morrissey). (L. T. Johnson), 531. 

Lineshaft (see Shafts). i 

Literature (see Books and Trade literature) : 

Load regulating and transfer equipment, 240. 

Locomotives with electric headlights, saving 


$740 in equipping yard (Charles A. 
Peterson). 494. 

Lubrication: 

Applying lubricants. equipment used for 
(Frank E. Gooding). 213. 


Bearings. motor (Frank E. Gooding). e311. 

Bearings. of ball (H. R. Reynolds) 541. 

—— Conveyors. , problems in (Frank E. Good- 
ng). A 

Hoists and traveling cranes, of (Frank E. 
Gooding). 406. 

Material-handling equipment getting proper, 
is your (editorial comment), 422. 

— oi cups on motors, using auto tire dust 
caps as (J. P. Kincaid), 146. 

Power drives in industrial plants, 482. 

n for oil and grease lubricants 

rank 


438 E. Gooding). 2113. comment, 
ire rope. of, 349. 


M 


Magnet recharger., how to make a (P. Justus). 
(Harry J. Achee), 33. 
Magnetic: 
e 


—F d, demagnitizing & watch in a d.c. 
(Philip N. Emigh). 292 


—holl separates iron from Monel metal turn- 
ings, *536 


sometimes 


Magneto test. misleading results 

obtained from (George O. Powers), 
(Lee F. Dann), (Charles F. Cameron), 
(Grady H. Emerson), T. B. Whitson). 
(Edward James) (William H. 
Fredrickson), (L. L. Farrar). (C. 


(Carl G. 


Otto von Dannenberg). 
Howard). (L. E. Dunham). (Ovide C. 
Harris). 2 


Maintenance (see Inspection and—). 


Materials, handling (see Handling materials) . 
Men (see Job). 
Meters: 
——Ammeter: 
Motor feed gives control over quality 


of product, in (E. R, Feicht), 41. 
Single-phase operation of motors, in- 
dicates (Lee F. Dann), 91. 

Power factor determined with watt-hour 
(C. Otto von Dannenberg). 431. 
correction. 494. 

Reactive volt- ampere indicator. what is 
the function of a (James B. Holston), 
(Frank Ammann). T. Johnson). 
426. 

Relays prevent racing of rotaries, used as 
reverse current (R. C. Stevens). 35. 

Voltmeter, checking voltages higher than 
capacity of (Howard Davies). 98. 

Watt- hour. determining power factor with 
aid of (James P. Marshall). 92. 

Micrometer, measuring annular pieces with a 

(G. A. Luers). 542. 

Mills, steel 


Anti-friction bearings on motors for (A. G. 
Place), 260. 
Operation. problems of (Arthur J. Whit- 
comb), 249. 
Railroad electrification. economics of (O. 
A and David C. Hershberger). 
Motor bearings (see Bearings). 


Motor control: 
—Ammeter in motor feed gives control over 
quality of product (E. R. Feicht). 41. 
Changing control to obtain lower motor 
speed (E. E. Stead), 581. 
Compensators and prim 
starters, (Arthur J. 
comments (Louis D, Moore). (H. 
Van Valkenburg). 132. 
—Contactor made from a hinge, emergency 
(E. B. Smith). 239. 
Controller should I use for this drive, 
what (Arthur J. Whitcomb). 2469 
Drum controller for slip-ring motor Fe- 
arranged for squirrel-cage motor 
L. Stevens). #288. 
Induction motors, starting large (W. Monte- 
: lius Price), 235. 
—interlocking of screen, prevents damage 
from over flow (Lee F. Dann), 432. 
Overhead tramways, interlocking control 
systems for (R. F. Emerson). 0238. 
Overload protection, relations existing 
between the motor and its (C. 
Kuhn), 78. 


IV 


Motor control (Continued): 
Pump motors, 8 Pauen control 
for three (B. Havens), 5 
Pumps for fire aa. service 9 e 
switching simplifies use of L. 8. 
Monroe). 145. 
—— Replace obsolete devices with modern 
equipment (editorial comment). 489. 
Resistance on motor eon trollers, changing 
(O. C. Callow), 276 
Shunt motors on weak ‘field, preventing 
starting (O. C. Callow), °41. 
—-Split-phase motors, reversing direction of 
rotation of, 538. 
——Starters: 
Primary resistance, and compensators 
(Arthur J. Whitcomb), 2. com- 
ments (Louis D. Moore), 
Van Valkenburg). 132. 
Resistance for d.c. motors. computing 
starting (Pierre Van Herk), 288. 
——Starting: 
without defacing 


Mounting starter 
395 ding (Donald A. Hampson), 


e aca for a.c. motors (E. B. 
team 2 panel for remote control of. 
ruck. equipment for industrial (R. B. 

Hunter). 219. 

Wood pulp grinders, controlling power 
input to (F. A. Byles), 554. 
Chains. 


Motor drive (see also Belts. 
Couplings, Gears, etc.): 


Alignment of machines with the lineshaft, 
oe Parallel (W. W. Nichols), 


——Ammonia compressors, power drive equip- 
ment for (Gordon Fox). 106. 
Energy is wanted by your equipment, do 
you know how much (editorial com- 
ment), 488. 
Friction losses in, reducing (G. A. Van 
Brunt), *460, comment (H. F. Gade). 


588. 
— Grinder with bevel gears, driving pedestal 
energy (Donald A. Hampson), 42. 


Individual and small group machine 
drives prove economical, 291. 

——Laying out, do not let whims be your guide 
in (editorial comment), 231. 

ee a candy factory (J. L. Merrill), 


——Lubricating power drives in 
plants, 482. 

— —Machine or its drive. which is the more 
5 the (editorial comment). 


-——Machine shop and pump. for (F. B. Wil- 
Hame). (L. B. Morrill), (Lee F. Dann), 
(H. D. Fisher), (E. H. Laabs). 184. 
EE EE “using breaking pins to protect 
against (Donald A. Hampson), 589. 
Power service layout for small (Francis 
A. Westbrook), 118. 
Motor drive: 
Power transmission equipment 
facturers form association, 498. 
Power transmitted by friction wheels. chart 
Aue . (W. F. Schaphorst). 


Clutches, 


industrial 


manu- 


Pumps. equipment for industrial (Gordon 
Fox), 208. 316. 
election of motors for industrial power 
drives (Philip Chapin Jones), 449. 
——Speed control saves $15.000 a year. how 
variable (J. E. Williamson), °%434. 
Transmission guards while operating, lining 
(Donald A. Hampson), *338 
Trends and new practices in power drive 
equipment (Frank E. Gooding), *4-41. 
Motor installation and mounting: 
Fans. reducing motor hum on large ven- 
tilating (R. F. Emerson). 334 
Industrial-type motors (Gordon Fox), 357. 
Lineshaft coupled directly to motor, mount- 
ing (Theo. P. Barnum), 290. 
——Starter without defacing building. mount- 
ing (Donald A. Hampson), ° 
Motor reconnection and repair: 
Armatures: 
Banding. when power is not available 
(Howard Davies), *98. 
Bands overheat (1. F. Wisinski), (D. 


W. Blakeslee), (Michael Reuter), 
(William Hanks), (Charles H. 
Mesperritt). (Samuel Carbat). 
(Chester A. Williams), 187. (R. 
B. Turner), (Charles Reichen- 
bach). (E. D. Carter). 286. (J. 


M. Walsh). (W. Montelius Price), 
Ss Achee), (Lee F. Dann), 


mush or hit-and-miss (A. C. 
Roe and D. H. Braymer). 570. 
Lathe for banding, inexpensive (Her- 

bert King), 389. 

Shaft when forcing commutator on. 
Bay con bending (Samuel Car- 
at) DO; 

Trouble caused by opening field cir- 


Coils, 


cuit of shunt motor (Harold E. 
Benson). 9°. 
Are on this commutator. why 


does 
this one (H. A. Nielsen), (J. M. 
Zimmerman), 87. 


Cleaning wire-mesh carbon (Harry J. 


15 (Grady H. Emerson), 
Emergency demands for. in the re- 
pair shop (J. P. Collopy), 340. 


Position of. and type of winding on 
„„ changing (A. C. Roe). 


INDEX 


Motor reconnection and repair (Continued): 
Cleaning motors. methods of (Grady H. 
Emerson), 436. 
—<Coils: 
Dipping. and baking in electric oven 
increases motor life, 591. 
Pulling and forming device, inexpen- 
sive (Arthur G. Wagoner), 543. 
ae a job e mplined by changings 
(A. C. Roe), 3 
Collector rings: 
Burned spots on (R. P. Diehl). (E. 
J. Morrissey), (H. J. Achee). 
(Harold H. Steele). 531. 
Replacing motor, under difficulties (J. 
Murray). °191. 


—Commutators: 

Bars straight, trouble in keeping (C. 
B. Keck), (Jesse M. Zimmerman). 
(E. J. Morrissey), (Grady H. 
Emerson), (M. V. Miller). (H. 
E. Stafford). (George William 
Hanlon), 427. 

Clamp for holding. together (C. B. 
Keck), 99. 


Copper for, hard-drawn or cast (Philip 
M. Emi igh). (William Hanks). 


(J. M. Walsh). (C. J. Phelps). 
(E. J. Morrissey). (Nicholas J. 
Weiss), 285. 


Heating of, on rewound repulsion in- 
duction motor. (L. Konstam), 
430. (Walter M. Rennick). 492. 

Mica for direct current motors, select- 
ing (Jesse M. Zimmerman), 557. 

Mica segments in. care of (William 
L. Weber), 542. 

Mica segments to save time and waste 
ge material. cutting (C. B. Keck), 


Stones, development and use of (Wil- 
liam L. Weber). „110. comments 
(E. H. Martindale), (H. E. Staf- 


ford). 181. 
Turning (E. N. Dillard). (Nicholas 
(Edward James), (A. 


J. Weiss), 
C. Barker). (Harry J. Achee), 
(Grady H. Emerson). 88. 

V-ring insulation from oil, mixture for 
protecting. 590. 

—Compound motor to special series type. 
changing (A. C. Roe), 590. 
connections cause unusual performance, 

improper (Dean W. Taylor), 94. 
——Drying out direct-current motors (William 
J. Mildon), (E. J. Morrissey), 379. 
Emergency repairs and team work (Chester 
Yilliams), 243. 
Frequency of an induction motor, changing 
(A. C. Roe), 244. 
Induction, changing speed and horsepower 
of (H. E. Stafford), 148. 
Insulation: 
Thickness of slot. increasing (P. P. 
Scribante), (Harry J. Achee), (C. 
L. Hartman). (A. C. Roe). 90. 
Trimmer and wedge driver, emergency 
(Nicholas J. Weiss), 590. 
Nameplate data, tests on motors do not 
check (Frank W. Sloan). (L. T. John- 
son). (James B. Halston), (Lee 
F. Dann). (H. E. Stafford), 429. 
——Ovens for baking coils and armatures, 
vital factors in selection of (H. L. 
Grapp), 195. 
Recording rewinding data for cross con- 
nections (A. C. Roe and D. H. Bray- 
mer). 121. 


Rotors: 
Reversing. motor grounded by care- 
A in (Grady H. Emerson), 


Split- 10 motors, effect of turning 
( 


. Otto, von Dannenberg). (A. 
C. Roe). i N (J. 
M. Zimmerman), 3 
Shop: 
Equipment for general (Grady H. 
Emerson). 137. 
Steel plant, laying out electrical re- 


pair, for (Grady H. Emerson), 
Well-equipped electrical repair. will 
more than pay its way (cditorial 


comment), 281. 
Single-phase motor for three-phase opera- 
tion, changing (G. H. Emerson), (J. 
B. Holston), (C. L. Umberger), 530. 
———Slip-ring motor to squirrel-cage type. chang- 
ing (A. C. Roe), 284. 
Solder, trouble with (C. L. Phelps). (E. 
J. Morrissey), 284. 
Speed or number of poles in motor. chart 
Ay determining (Charles F. Cameron), 


——Sauirrel]- -cage motor: to wound rotor de- 


sign. loss of torque in changing (R. 
F. Emerson), 190. 

Stall. why do these motors (C. L. Um- 
berger), (M. E. Hall). (8. P. Cary), 
(G. H. Emerson). 3529. 

Stators 
Poles in, determined by use of compass 

(Michael Reuter), (Harry J. 
Achee), (George Cropper), (Lee 
F. Dann). (E. Morrissey), 
(Nicholas J. Weiss). (P. Justus). 


(Grady H. Emerson), 379. 
Removing fan, from frames (John E. 


Holtman). 45. 
Support for small (J. P. Kineaid), 
998. 


Studebaker Corporation, in (William Rass- 
mussen). 50. 

Synchronous. 2.200- volt. reconnected for 

410-volts (W. L. Stevens), 340. 

Indicates illustrated articles 


š son), 
R 
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Motor reconnection and repair (Continued): 
Testing a.c. motors, simple motor-generator 
set for (Fred Larson), 195. 
——~Two-phase motors for three-phase opera- 
tion, rewinding (A. C. Roe), 97. 
—220 or 440 volts, connecting motor for 
use on (Henry Kaelin), 243. 
S fiber (Nicholas J. Weiss). 


Winding: 

Bar, from stator, (Michael 
Reuter), 543. 

Calculating new. for emall induction 
moter (Charles F. Cameron), 

Changing brush position and type of. 
on d.c. motor (A. C. Roe), 292. 

Chorded split-loop, laying in a (A. C. 
Roe), comment (John Panton): 


removing 


44, answer (A. C. Roe), *44. 
Cleaning (F. J. H. Krause), (Edward 
James), (J. M. Walsh), (Lee F. 


Dann). (H. Charlton). 38. 
Cross or equalizer connections on lap 
Sa C. Roe and D. H. Braymer), 


One-coil-per-slot, to two coils per slot. 
changing (A. C. Roe), 196. 
Pyramidal, laying out and connecting 

2353 C. Roe and D. H. Braymer). 


Right-hand coil windings to left-hand. 
changing (A. C. Roe and D. H. 
Braymer), 177 

Rotor. for squirrel-cage motor (Ed- 
ward James), 

Rotor, for squirrel- -cage motor. calcu- 
lation of (A. C. Roe). 

Single-phase motor, changes in (A. C. 


Roe and D. H. Braymer), 225. 
Wire on edge. rectangular . M. 
Walsh), 425. 
sewe: 
Copper, used in (A. C. Roe and D. H. 
Braymer). 364. 


Trawa lon, changing (C. L. Umberger). 


ee for, used in repair work 
(A. 


Sa Roe and D. H. Braymer). 
Magnet. insulation on (A. C. Roe and 
D. H. Braymer). 415. 


Motor starters (see Motor control). 
Motor testing (see Testing). 
Motor troubles (see motor reconnection and 


repair). 
Motors (see also motor—). 
Drawbridge, size of motor required to 
operate (R. F. Emerson), (B. I. 


Pease), 36. 
—A40-deg. and 50-deg. d.c.. and their ratings. 
pi terence between (J. 


K. Witherspoon). 
Induction, 


determining power output of 
L. Stevens), 238. 
——Mill-type: 


Standar olzation of (A. C. Cummins), 


Standardize the external e 
of (editorial comment), : 
Overload from. increases eton, 
moving (Carl G. Howard), 287. 
——Parallel. will two a.c. operate satisfac- 
torily in (W. W. Lankton), (E. H. 
Laabs), (W. 8. Pfeifer), (R. F. Emer- 
(R. M. Bush). (L. J. Johnson), 
(R. M. Konkle), (P. P. Seribante). 
(Phil D. Comer), 85. 
Selection of, for industrial power drives 
(Philip Chapin Jones), 449. 
Series, substituted for shunt motor. 
specially- connected (A. J. W.). 94. 
Squirrel - cage: 
Takes advantage of an easy master 
(editorial comment), 281. 
Why not take the shackles off the 
(editorial comment), : 
——Standardizing general-purpose. one more 
reason for (editorial comment), 488, 
comment (J. F. Lincoln), 536. 


N 


re- 


New equipment for plant operation and main- 


tenance, 46. 100. °150, 198. 246. 
342. 390. 438. 496. 545. 


Noise, reduction of factory (editorial comment), 
230. 


O 


Oi! (see also Lubrication). 
Lubricants. specifications for grease and 
on E. Gooding), 113, comment. 


——Seepage from roller bearings. using grooved 
caps to prevent, 95. 


Ovens for tempering springs. 


P 


used for. 240. 


Paint in industrial plants. lighting value of 
(M. Luckies and E. W. Commery). 
e350. 

Pete, Practical (see Authors’ index). 


Pinions or pulleys from a shaft, removing (Wil- 


liam B. Cone), 45. 
Plant. the: 
owded conditions. a picture study for 
those who work in (Practical Pete), 
9525. 
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Plant, The (Continued) : 

Engineer responsible 
make a plant 
577. 

Heating system, do not include 
fired salamander in your 
comment), 526. 

Yard roads cost as much as good 


for all 
(editorial 


equipment, 
comment). 


the coke- 
(editorial 


ones, 


poor (editorial comment), 83. 
Power drives (see Motor drives). 
Power factor: ' 
Core methods of (James B. Holston), 
Determining. with aid of watt-hour meter 
(James P. Marshall), 92. (C. Otto 
yon Dannenberg). 431. correction, 
Low, causes trouble and expense (James 
B. Holston), . 
* ei determining, with (J. H. Gal- 
- lant), ` 


Revising, without the use of corrective 

equipment (James B. Holston). 354. 

Power transmission (see Belts, Chains, Clutches, 
Couplings, Gears, Motor drive. etc.). 

Power i Association elects officers. 


0 . 
Practical Pete (see Authors’ index) 
Protection, motor (see motor control). 
Protecting devices are often worse than none 
at all, unsafe (editorial comment). 


373. 
Pulleys: 
eilen repairing worn shaft under loose. 
Loose. trouble overcome by using steel 
rollers C. Cockshott). 540. 
-Removing pinions or. from a shaft (Wil- 
liam B. Cone). 45. 
——Removing solid. from old shafting b 
simple puller (M. C. Cockshott), 146. 
Size of, for fabric-base belts. determining 
(W. F. Schaphorst), 339. 
conditions. keep- 


True improves operating 
ing. 43. 

power drive equipment for industrial 
(Gordon Fox). 208. 


2 


Qustions asked and answered by readers. 84. 
2136. 184. 232. 283. 330. 374. 
424. „490. 528. 578. 


R 


* 
„Rating means and how {t should be consid- 
ered, what (editorial comment), 134. 
Records: 


Belt drives, chart for determining arc of 
contact on,*434. 


Pumps, 


Chart: 
Horsepower loss from friction in à 
bearing. for determining 
Schaphorst), 


242. 
Power transmitted by friction wheels. 
i (W. F. Schaphorst), 


90. 
ene failures, daily record of all (J. 
. Gallant), A 
Horsepower of slope hoist motors, chart 
ror e (Charles F. Cameron). 


——Lighting requirements, handy chart for de- 
termining (Charles F. Cameron), 93. 
Motor, chart for determining speed or 
number of poles in (Charles F. Cam- 
eron), 437. 
Past performance, it is impossible to meas- 
ure progress without (editorial com- 
ment), 372. 
Power drive data, cards for listing (J. F. 
Murray), 494. : 
Progress of work on large installations, 
checking (J. B. Rakoske). 535. 
——Rewinding data for cross connections, re- 
cording (A. C. Roe and D. H. Bray- 
mer), 121. 
Service, of all machines in the plant (A. 
J. Calhoun), 289. 

connection scheme correct, is this? (C. 
Otto von Dannenberg), (E. J. Mor- 
rissey), (Henry B. Hanstein), (Fred- 
erick Krug), (R. H. Finch), (B. J. 
Oparin), 331. 

Repairs (see Motor reconnection and repair). 

Rewinding (se Motor reconnection and re- 

pair). 

Riveting steel. 

(A. G 


Relay 


comparative cost of welding and 
. Bissell), *80 


Rope wire: 

Lubricating, 349. 
——Splicing, 486. 
Rotors (see Motor reconnection). 


S 


anes, rules for safe operating of electric 
overhead traveling, 299, editorial com- 
ment, 231. 

Electrical accidents cause far more than 

their share of losses (editorial com- 

ments), 328. 


round wire in conduit insures protection 
(S. W. Borden), 585. 

Guards while operating. during transmis- 
sion (Donald A. Hampson), 338. 


Lamp protection necessary in atmosphere 
of explosive dust, 560. 


Safety: 
— 
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Safety (Continued): 
—_—Pay their way, do accident prevention and 
safety work (editorial comment), 526. 
Rall around machinery, rigid but demount- 
able (G. A. Luers). 2128. 
—-——Resuscitation, can you perform the prone 
pressure method of (editorial comment), 


83. 

switch, lock to prevent closing of knife 
(C. A. Peterson), 537. 

Tools, bucket safer than handline for rais- 
ing (D. W. Blakeslee), 517 

Shafts and shafting: 

Aligning parallel, easy method of (Maurice 
C. Cockshott), 193. comment (W. F. 
S.). 339. 

Ball- bearing, operating economies which 
resulted from installing (W. At- 


kins), 241. 
Break in service, where and why (John A. 


Collins, Jr.), 95. 
——Greeting and aligning a lineshaft drive 
(George Trimm), °398, 505. 
of oxygen lance. 


Frozen, removed by use 
*539 


Hangers: - 
Bearings in, installing ball (Donald A. 
Hampson), 424. 
Two-point and four-point adjustable, 
comparative advantages of (E. H. 
Laabs), (P. L. Pryibil), 283. 


Horsepower of: 
How to determine (K. W. Knorr), 
(J. L. Lemly). 


33 James). 
Transmitted by. estimating (Charles 
F. Cameron), 194. 
Leveling line, easily made water gage for 
(Donald A. Hampson), 539. 
Mule stand. how to, support à (Philip 
N igh), (J. H. Gallant), (Guy H. 
. (Svend E. Salomonsen), 
Parallel, easy method of aligning (Maurice 
C. Cockshott), 193. comment 
F. S.), 339. 
——_ Pillow block, welding up steel por bracket 
for (M. C. Cockshott), 242. 
—rinion from, set of wedges for driving 
E. E. G. Roberts). 2193. 
——Pinions or pulleys from, removing (William 
B. Cone) 


„ 45. 
Supporting. in mill type building on stand- 
ard angle-iron groundwork, 241. 
= Supporting, 15 steel forms for (P. L. 


yi „ 19. 
orn ander loose clutch pulley repaired, 


Signals: 


cement plant, types of systems used 
around a (T. H. Gallant). 586. 
Lamp light when telephone rings, sample 


relay makes (C. A. Peterson), 587. 
Skylights (see Windows). 


Slide rule add and subtract percentages, making 
the (Henry Simon), 244. 


Solder and soldering: 


Cleaning stranded wire before applying 
(James P. Marshall), 585. 

Iron heated by_a carbon arc, how to make 

a (D. W. Blakeslee), 388. 

—overhead work (R. C. Nason), 370. 
Trouble with, (C. L. Phelps), (E. J. Mor- 
rissey), (R. R. Schellenger). (William 
J. Milden), 381. 

Speed reducers: 


Applications of, industrial (Frank E. 
Gooding). 476. 

Selection of. of proper capacity (Harry 
C. Peterson), 96. 


Worm gear, of proper capacity, selecting 
(Harry C. Peterson), 385. 

Standards of design and performance (Practical 
Pete), 49. 

Starters (see Motor control). 

Static discharges, grounding machines to pre- 
vent. A. Buerer). 337. 

Stator (see Motor reconnection). 

Steam lines, panel for remote control of. 287. 

Steel Engineers (see Association of Iron and). 

Steel milis (see Mills, steel). 

Supervision is an expenditure that bears watch- 
ing (editorial comment), 329. 

Storage batteries (see Batterics). 


Switches and switching). 


Automatic: 
Simplifies use of pumps for fire and 
ohms duty (L. 8. Monroe), 


Switching equipment (F. E. Jaquay), 
402. 


Knife: 

How often do you pull and clean your 
(editorial comment). ; 

Lock to prevent closing of (C. A. 
Peterson), 537. 


Testing and tests: 
A. C. motors, simple motor-gencrator set 
for (Fred Larson), 2195 

Fuses: 
And lamps, 


equipment for (William 
H. Frederickson), *99. 
Block, simple block for (Nathaniel W. 
Blanchard), 288. 
Flashlight for, using (William B. 
Cone). 143 
—— Grounds, for (R. H. Vining), 40. 
Indicates illustrated articles 


Testing and tests (Cintinued) : 
Insulation: 2 
Faulty, for (R. N. Vining), 40. 
High frequency voltage with (J. L. 
Rylander), 2129. 
Resistance of electrical equipment, (H. 
E. Stafford), 585. 
——Magneto, misleading results sometimes ob- 
tained from (George O. Powers), 
(Lee F. Dann), (Charles F. Cameron), 
(Grady H. Emerson), (T. B. Whitson), 
(Edward James), 139, (William H. 
Fredrickson), (L. L. Farrar), ; 
Otto von Dannenberg), (Carl ; 
Howard), (Lie. Dunham), (Ovide C. 
Harris). 233. 
__—-Transformers for various voltages. how to 
connec two (C. H. Founderburg). 
196. 


Tools: 
Clamp for straightening planks in lami- 
nated wall (W. L. Stevens), 228. 
development and use 


Weber), 110, com- 


Commutator stones, 
of (William 1 


ments (H. Martindale). 
Stafford), 181. 


Hacksaw blade in close quarters, wooden 
stiffener permits use of (G. A. Luers), 


91. 
Raising, bucket safer than handline for 
(D. W. Blakeslee), 517. 
Tractors (see Trucks). 
Trade literature you should 
104, 152, 200, 248, 
440, 499, 548, 596. 


know about. 48. 
296. 344. 392. 


Tr formers: . 
Autor 112 n See connecting 
(William P. manns). š 
Capacity of, bank (I. J. Gronwold), (Fred- 
erick Krug). (Lee F. Dann), (Alex- 
ander McLennan), (Edward James). 
(C. Otto von Dannenberg). (Alex 


Bremner, Jr.). 86. 
Connecting. to three-phase circuits (L. F. 


Goss), 501. 
Data file, facts for your (Practical Pete), 
227 


Dirt always makes trouble (Practical Pete), 
37 


Laminations injured by burning off oil and 
insulating compounds, are (C. Otto von 
Dannenberg), 334. 

Mounting, on skid facilitates testing out 
new machines, 94 i 

Paralleling open-delta-connected, bank with 
closed-delta bank (W. C. Wooley). 
(Frederick Nimmicke), (L. F. Goss). 
8333, (Philip N. Emign), (C. Otto 
von Dannenberg). (A. Noeppel). 492. 

Saving made by elimination of lightly 

loaded, bank (E. A. Baerer), 190. 

—__—-Testing, for various voltages, how to con- 
nect two (C. H. Funderburs), 196. 

Three-phase circuits connecting, to (L. F. 
Goss), 565. 

Transportation (see Handling materials, Trucks, 

etc. 


Chains. 
Motor 


i (see Belts, 


Transmission of power 
Gears, 


Clutches, Couplings, 
drive, etc.). 


Trucks, electric industrial: 


Control equipment for (R. B. Hunter). 
219. 


d steel industry, use of electric 
yee én actors and, in (Harold J. Payne), 


303. N 
——Ramp for (H. D. Fisher). 84. 


Turbo- generator. changing phase and voltage of 
(A. C. Roe), 388 


V 


Varnishes, correcting usual troubles with insu- 
lating, 97. 


Vehicles (see Trucks). 


Ventilation: improved methods of exhausting 
fumes (C. D. Corwin), 2518. 


Voltmeter (see under Meters). 


W 


Washer, cutting fiber (Nicholas J. Weiss), 293. 
Waste in l find the part you can play 


furthering elimination of (editorial 
comment). 527. 
Welding: 
Arc: ö 
Equipment, are you getting all you 
should from your (editorial com- 
ment), 373. 
Plant maintenance work, in (F. A. 
Hagedorn), 263. 


Steeg 5 in buildings. reduces. 


— Tans. barrels or tanks. 
followed in, 481. 

comparative _ cost of, and riveting steel 
(A. G. Bissell), 80. 


Pipe railings, fabricating all-welded, 569. 


Post bracket for pillow-block (M. C. Cock- 
shott), 242 


Reinforcing light metal tubing before, 9341. 
Winding, motor (see motor reconnection). 


Windows, cleaning skylights and (J. E. Kalis), 
(B. C. Schlegel). 36. 


precautions to be 


od ET Ade 


VI 


Wire (see also Cable). 
Copper: 


Current carrying capacity of, factors 
that affect safe (G. H. McKel- 
way), 191. 

Motor repair work, used in (A. C. 


Roe and D. H. Braymer), 3064. 


round. placed in conduit to insure pro- 
tection (S. W. Borden), 5585. 


A 


Harry J. Armature bands overheat, 


ACHEE. 
376. 
Burned spots on collector rings, 531. 
— Charging storage batteries, 582. 
—Cleaning wire- mesh carbon brushes, 186. 
——Determining number of poles in stator by 
use of compass, 377. 
—Grouping of wires in conduit for two-phase 
system. 532. 
How to make a magnet recharger, 33. 
Increasing thickness of slot insulation, 90. 
——Lighting protection for short overhead 
power line, 531. 
Turning commutators, 88. 
Use of non-metallic gears, 490. 
Winding data for growler, 284. 
Adams, A. B. Reducing operating and mainte- 
nance costs, 74. 
Ammann, Frank. What is the function of a 
reactive volt-ampere indicator ?, 426. 
William P. Connecting auto-trans- 
formers for lighting circuits, 143. 
Low-voltage generator will not excite, 141. 
Arnold, T. H. Connecting generator bus, 584. 
What causes heating of this cable box, 582. 
Atkins, W. A. Operating economies which re- 
sulted from installing ball-bearing line- 
shafts, 241. 


B 


BAERER, E. A. Grounding machines to pre- 
vent static discharge, 337. 


Amanns. 


—— Saving made by elimination of lightly 
loaded transformer bank, 9190. 
Banton, John, Comment on “Laying in a 


chorded split-loop winding,” 44. 
Barker, A. C. Trouble from static on belt-driven 
machine, 493. 
Turning commutators, 88. 
Wire for pyrometer installation, 89. 
Barnum, Theo. P. Mounting lineshaft coupled 
directly to motor, 290. 
Beckworth, A. A. Organization of industrial 
plant fire departments, *368. 

Benson, Harold E. Armature trouble caused by 
opening field circuit of shunt motor, 92. 
Bissell. A. G. Comparative cost of welding and 

riveting steel, 80. 
Blakeslee, D. W. Armature bande overheat, 187. 
Bucket safer than handline for raising 
tools, *517. 
Handling acctylene and oxygen tanks, 52 
Is this lamp consumption too high?, 185. 
—Selection of gears and pinions for steel mill 
service, 387. 

Soldering iron heated by a carbon arc, 388. 
Blanchard, Nathaniel] W. Simple testing block 
for plug and cartridge fuses, 288. 
Suspending heavy fixtures from wooden 

beam, ®238. 
Borden, 8. W. Placing ground wire in conduit 
insures protection, 585. 
Bray, J. 80 Drilling holes through plate glass, 


Braymer, D. H. (See A. C. Roe). 


Bremner, Alex, Jr. Capacity of transformer 
bank, 186. 

Buckett, Robert. Drilling holes through plate 
glass, 86 


Bush, R. M. Will two a.c. motors operate satis- 
factorily in parellel, 85. 

Byles, F. A. Controlling power input to wood 
pulp grinders, 554. 


C 


(CALHOUN, A. J. Keeping service records of 
all machines in the plant, 289. 
Callow, O. C. Changing resistance on motor con- 

trollers, *276. 
Inexpensive way to prevent starting shunt 
motors on weak field, *41. 
Cameron, Charles F. Calculating new winding 
for small induction motor, 293. 
hart for determining horsepower of slope 
hoist motors, 384. 
hart for determining 
ments, *93. 
hart for determining speed or number of 
poles in motor, 437 
Estimating horsepower transmitted by line- 
shafting, 194. 
Misleading results sometimes obtained from 
magneto test, 139. 
Carbat, Samuel. Armature bands overheat, 187. 
Preventing bending armature shaft when 
foreing commutator on, 293. 
Carpenter, Cranston H. Electrically-heated bath 
furnaces, *508, 

Carter, E. D. Armature bands overheat, 286. 
Changing two-phase, four-wire system to 
two-phase three-wire system. 236. 
a heating of this cable box?, 


— è 


lighting require- 
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Wire (Continued): 
Insulation: 
Magnet, for repair shop work. on (A. 
C. Roe and D. H. Braymer), 415. 
Repair work. for, used in (D. H, Bray- 
mer and À. c. Roe), 521. 
——Kind of, where should I use this (H. E. 
Stafford), 493, (G. H. McKelway), 


Protecting. or hose lines lying on floor, 
2143. 
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The Man Who 
Delivers the 
Goods 


and something about 


“habits” that applies to 
you and to me and every- 
body else 


I ERE is a snack of wisdom from a 

plain man who established his 
name and an institution that is known 
in its line the world around. As we 
pause to note the incoming of a new 
year on our calendars and in the dates 
we write, we can well afford to roll 
over in our minds the remarks in this 
clipping from a recent advertisement 
in the New York Times. 

“Habits,” said John Wanamaker, 
“unconsciously own and operate upon 
us by long practice.” A larger hunk of 
truth could hardly be expressed in ten 
other plain and understandable words. 
Year by year we are growing older and 
should be growing wiser and more 
thoughtful about the future and the 
present and be able to judge as to how 
well we are taking advantage of our 
opportunities and using our accumu- 
lated knowledge and experience. But 
that thing habit to which is attached 
indifference, procrastination, and lazi- 
ness, both mentally and physically, is 
the log in the way on that path along 
which we feel we should march proudly 
to success with our share of glory at- 
tached to accomplishment. It is easy to 
pass the buck to the other fellow, and 
to circumstances, and miscellaneous 
other hindrances, but when we stop and 
think to ourselves, its really that thing 
“habit” that’s holding us back. 

Sure! I’ve got habits and bad ones 
at that, but I know it and have to fight 
'em all the time—that’s the reason this 
comment by John Wanamaker has 
struck home in me so deeply and caused 
me to pass it on to prick you a little. 
Personally, I have passed the stage 
where I get a thrill out of the happen- 
ings and experiences of a younger day 
and I like to sit and dream about the 
future and the things that are to be in 
the world that I know most about. This 
is the world of machinery and the 


Some Men Re- 
gard Other Men. 
Only as Pegs 


to hang something on for the 
benefit of themselves. 


better and better, and we 
ahal) never stop improving it. 


problems of men who start it up, close 
it down and make the necessary repairs 
and changes one day after another as a 
part of the day’s job. For this they 
get a day’s wage. But as years roll on 
they get something far more valuable 
in an accumulated fund of knowledge 
and experiences that cannot be pur- 
chased, lost or stolen. As we march 
on in point of time, this fund of knowl- 
edge becomes a bank account on which 
we can earn a small or an adequate 
return according to whether we follow 
the habits of the spendthrift or the 
habits of the investor. And there you 
have that thing “habits” coming up. 

In this clipping he said another good 
thing: “Better far to have some Man 
Friday to talk things over with before 
launching our little boats to ideas.” 
Now, at the beginning of this new year 
1926, is a good time to do some new 
thinking and new planning along this 
line. Perhaps you have had some good 
ideas but time has shewn that your 
judgment cannot always be trusted. If 
you know this is true admit it and take 
your boss or some other successful as- 


sociate into your con- 
fidence and have a heart- 
to-heart talk. Go over 
the things that have 
not turned out as well 
as they might, as well 
as those that have been 
just about right. Per- 
haps you have overlooked 
something he will see 
and you will discover an 
easy and quick way out 
of the woods and into the 
open spaces. 

An unknown author has 
put into the following 
verse a thought that we 
all know and that is the 
key to every man’s suc- 
cess—it runs like this: 


There’s a man in this world who is never 
turned down, 

Wherever he chances to stay; 

He gets the glad hand wherever he goes, 

Or wherever the farmer’s make hay. 

He's greeted with pleasure on deserts of 


sand, 
And deep in the isles of the woeds; 
44 9 he goes there's a welcoming 


hand, 
He’s the man who delivers the goods. 


The year 1926 is going to discover 
many such men among those who read 
this, but remember what John Wana- 
maker said about Habits and that Man 
Friday. 
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Operating characteristics of 


Compensators and Primary 
Resistance Starters 


as used for starting squirrel-cage induction motors, 
including comments on the application of and the 
results obtained from each type of starter 


Symposium Conducted by 
ARTHUR J. WHITCOMB 


Associate Editor, Industrial Engineer 


HEN starting a squirrel- 
cage induction motor by ap- 
plying line voltage directly 


to its terminals, a starting current 
of six to eight times full-load cur- 
rent may be drawn from the line. 
This starting current may not be ob- 
jectionable on large power systems, 
particularly in the case of motors of 
7 ½-hp. capacity and smaller, but in- 
asmuch as excessive starting current 
results in objectionable line disturb- 
ances, practically all public utilities 
have definite regulations regarding 
the size of squirrel-cage motor that 
can be put directly across the line. 


The starting current of a squirrel- 
cage motor depends upon the voltage 
impressed on the primary or stator 
terminals of the motor and is inde- 
pendent of the torque against which 
the motor is to start. The peak cur- 
rent at starting is of short duration, 
for the current falls quickly to the 
normal running value as the motor 
accelerates. The duration of the 
starting period depends upon the 
character of the load to be started. 
Inasmuch as the initial rush of cur- 
rent is controlled by the voltage im- 
pressed on the motor, this voltage 
may well be reduced to a value that 
is little more than sufficient to start 
the load under all normal conditions. 

Reduced potential for starting is 
commonly obtained either by the use 
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Here are applications of compensators and 
primary-resistance starters to similar serv- 


ice. At the left is a Cutler-Hammer 
manually-operated compensator controlling 
the motor driving a punch press. On the 
right is a group of Allen-Bradley auto- 
matic, primary-resistance starters which 
are used to start the motors driving punch 
presses. Inasmuch as the latter starters are 
push button controlled they can be located 
wherever conditions permit—in this case 
they are mounted on the ceiling. 


of auto-transformers or by using re- 


sistance. The older and probably 
more common practice involves the 
use of auto-transformers in compen- 
sators or auto-starters. A compensa- 
tor consists usually of two and 
sometimes three auto-transformers 
arranged with different voltage taps 
so as to supply the desired voltage. 
With the primary resistance 
method of starting, reduction of the 
voltage impressed on the motor is 
secured by the insertion of resist— 
ance in series with the primary or 
stator windings of the motor. The 
amount of resistance may be ad- 
justed to secure the desired starting 
voltage and torque. As the motor 
attains speed, the resistance is cut 
out in one or more steps. 
Primary-resistance starting dif- 
fers distinctly from the compensator 
method in that the latter causes a 
reduced voltage of constant value to 
be impressed on the motor, whereas 
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with the primary-resistor method, 
the voltage impressed on the motor 
varies according to the current taken 
by the motor. The initial inrush of 
current causes a large drop in volt- 
age over the resistors; hence the ini- 
tial voltage impressed on the motor 
is low and gradually increases as the 
motor speeds up and the motor cur- 
rent decreases. 

Compensators reached a higher 
point of development earlier than the 
primary-resistor starters and hence 
the use of compensators is more gen- 
eral. However, rapid progress has 
been made in recent years in the de- 
velopment of primary - resistance 
starters. At the present time there 
is uncertainty in the minds of many 
users of electrical equipment regard- 
ing the application and use of each 
type of starter. Many operators 
favor compensators, while others are 
just as decided in their convictions 
that the primary-resistance method 
gives better results. To help clear 
up this question and to aid our read- 
ers in deciding which type of equip- 
ment is better suited to the condi- 
tions to be met in their own plants, 
the Editors of INDUSTRIAL ENGINEER 
asked the leading manufacturers of 
compensators and primary-resistance 
starters to discuss the characteris- 
tics and application of these two 
types of equipment. 

Points that should be considered 
in the selection and application of 
these two types of starters are: line 
disturbance, line current, power fac- 
tor, power taken from line, torque, 
duration of starting period, losses 
and efficiency, smoothness of opera- 
tion, ease of control, reliability, ease 
of repair and maintenance, size and 
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application, and cost. These points 
are fully covered in the discussions 
which follow. 
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T. E. Barnum, Chief Engineer, The 
Cutler-Hammer Manufacturing Com- 
pany, Milwaukee, Wis.—In the selec- 
tion of a motor for a given application, 
motor characteristics are usually con- 
sidered first. In the following discus- 
sion, it is assumed that the standard 
squirrel-cage motor has been selected 
as meeting the general requirements 
and that the only question is, whether 
a primary resistor or an auto-trans- 
former will be used to reduce the volt- 
age at the motor terminals at starting. 
To answer this question, several factors 
must be considered, which will be dis- 
cussed in the following: 

Line Disturbance.—The severity of 
line disturbance depends on the condi- 
tions of the particular installation, such 
as load on the circuit, capacity of the 
transformer bank, size of the con- 
ductors, and similar factors. Any state- 
ment is, of course, purely comparative. 
For example, assume that the motor 
can be started with 65 per cent of line 
voltage applied to the motor terminals. 
If, because of the general conditions, 
the drop in voltage on the line is 4.4 
per cent when an auto-transformer is 
used, then the drop would be 5.5 per 
cent if a primary resistor were used. 
Similarly, where with the auto-trans- 
former the voltage drop might be 1.7 
per cent, with primary resistors the 
corresponding drop would be 2.2 per 
cent. This small difference is due to 
the better power factor of the resistor 
method. 

Line Current.—The current taken 
from the line at the moment of start- 
ing is materially less with the auto- 
transformer than with the primary 
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Manually-operated primary-resist- 
ance starters are used on this in- 
stallation. 


They control the motors driving the 
fans and pumps of an oil burning 
equipment installation. Cutler- 
Hammer starters are used here. 
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resistor, but not quite in proportion 
to the ratio of transformation, due to 
the magnetizing current of the trans- 
former. In order to give some com- 
parative figures, certain tests were 
made on a 20-hp., 440-volt, three- 
phase, 60-cycle, 1,720-r.p.m., squirrel- 
cage motor. When adjusted to give 
about 65 per cent of line voltage at the 
motor terminals with the rotor blocked, 
the line current with the auto-trans- 
former was 260 per cent of the rated 
motor current, while with a block of re- 
sistance in each of the three phases of 
the primary circuit, the line current 
was 340 per cent of the rated motor 
current. When adjusted to give about 
80 per cent of the line voltage at the 
motor terminals, the line currents were 
390 per cent with the auto-transformer 
and 450 per cent with the primary re- 
sistor. These figures may also be taken 
as representing the performance of the 
average motor of 10 to 30 hp. 

Power Factor.—The power factor of 
the line at the moment of starting is 
materially higher with the primary 
resistor than with the auto-transformer. 
When adjusted to give 65 per cent of 
line voltage at the motor terminals for 
starting, the power factor with the pri- 
mary resistor runs from 80 to 85 per 
cent, depending upon the motor size; 
whereas with an auto-transformer, un- 
der the same conditions, the power 
factor of the line runs from 50 to 60 
per cent, varying again with the size 
and characteristics of the motor, mo- 
tor speed, and the like. 

Power From the Line.—Power taken 
from the line at the moment of start- 
ing, measured in kilowatts, is mate- 
rially less with the auto-transformer 
than with the primary resistor, partly 
because of the reduced line current but 
largely because of the reduced power 
factor. When line disturbance is not 
taken into account and with 65 per cent 
voltage applied to the motor, the power 
taken from the line at the moment of 
starting with an auto-transformer is 
about 50 per cent of that which would 
be taken with a primary resistor. 
Similarly, with 80 per cent voltage ap- 
plied to the motor, the pewer taken 
from the line with an auto-transformer 
is about 60 per cent of that taken with 
a primary resistor. However, if the 
time to accelerate to full speed is con- 
sidered, the difference in energy taken 
during this period is not so large, be- 
cause the time is shorter when a re- 
sistor is used than with an auto-trans- 
former. 

Torque.—The torque developed by 
the motor in question is independent of 
the method used to reduce the voltage 
at its terminals and, for a given motor, 
depends only on the actual voltage im- 
pressed on it. For modern applications 
of such a motor, a fairly high torque 
is required of the motor due to the fact 
that the load to be started is fairly 
heavy. Starting conditions for such a 
squirrel-cage motor are very rarely 
what may be called light, and quite 
generally such a motor is called upon 
to develop very nearly its full load 
torque at the moment of starting. For 
a motor of 1,800 r.p.m. synchronous 
speed, about 80 per cent voltage is 
necessary at the motor terminals, to 
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develop this torque. As stated above, 
the line current with the auto-trans- 
former is somewhat less than that with 
the primary-resistor method. Con- 
versely, of course, for a given line cur- 
rent, the torque that may be developed 
at the motor is materially higher when 
an auto-transformer is used, because a 
higher voltage can be applied at the 
motor terminals. 


Smoothness of Operation.—Consider- 
ng the acceleration of the motor, after 
t has once started to rotate, there are 
Liany advantages with the primary re- 
stor method. As the motor acceler- 
ates, the line current decreases, which 
automatically increases the voltage at 
the motor terminals. Thus the torque 
at the motor builds up much faster 
when the primary-resistor method is 
used, and the motor comes up to speed 
in a shorter time. Again, there is no 
loss of torque while the motor is being 
accelerated to full speed, since the re- 
sistor may be cut out of circuit in one 
or more steps without opening the cir- 
cuit, whereas with the usual auto- 
transformer starter, the circuit is 
opened in passing from the starting to 
the running position, giving a momen- 
tary high current peak and, unless the 
change is made quickly, will result in 
some decrease in speed of the squirrel- 
cage motor. 

Size and Application.—In general, 
when considering the application of a 
standard squirrel-cage motor, the only 
question involved is the permissible 
starting current that may be taken 
from the line. The National Electric 
Light Association has developed cer- 
tain rules fer permissible starting cur- 
rents, which limit the use of this type 
of motor on central station supply lines 
to 80 hp. and below. It is probapie 
that up to and including 20 hp., the 
primary-resistor method can be used 
under almost any condition. For 20 
hp. and larger, judgment must be used, 
depending upon the particular motor 
application, power supply, ete. It is, 
of course, possible to build primary- 
resistor starters of any size for use in 
starting low-voltage, squirrel-cage, in- 
duction motors. 

Cost.—For moderate sizes of motors, 
the size and cost of the primary- 
resistor starter are less than for the 
corresponding auto-transformer starter. 
This difference will vary somewhat with 
the voltage reduction supplied, since 
considerably more resistance material 
is required to reduce the motor volt- 
age to 65 per cent than is necessary to 
reduce it to 80 per cent. 

Ease of Control.— As regards ease of 
control, care is necessary with both 
types. Perhaps a little more skill is 
necessary with the auto-transformer 
type because of the requirement that 
the transition from the starting to the 
running step must be made very 
quickly. 

Then, assuming that other condi- 
tions are equal, there is no advantage 
either way on the score of safety or 
reliability. Maintenance is, of course, 
a matter of the design of the starter 
in question. Assuming that both 
methods use the air-break type of con- 
tact, there should be no difference in 
maintenance. 
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G. O. Wilms, Chief Engineer, Allen- 
Bradley Company, Milwaukee, Wis.— 
There are two types of primary- 
resistance starters. In one type the 
resistance is cut out in one step; some- 
times, however, two or more steps of re- 
sistance are used. In the other type, the 
resistance is gradually cut out step- 
lessly by compressing the resistor. 
This latter type is known as the com- 
pression resistance starter and is the 
type made by my company. 

Both of these types of starters pro- 
vide two distinct advantages over the 
compensator—one is that the voltage 
on the motor will gradually increase as 
the starting current decreases with the 
increasing speed of the motor, and the 
other is that the motor is not dis- 
connected from the line when connected 
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Line currents required by com- 
pensators and primary- resistance 
starters for various values of start- 
ing torque. 

Curve I is the current drawn from 
the line by the compensator while 
Curve II represents the current 
taken by a_primary-resistance 
starter. The vertical scale is ex- 
pressed as the ratio of the starting 
torque required to the running 
torque. The horizontal scale is 
given in the ratio of the current 
taken from the line to the running 
current. It will be noticed from 
these curves that for a given start- 
ing torque, a larger starting current 
is required by the primary-reaiat- 
ance method, as shown in curve II. 
However, the higher the startin 
torque required, the closer wil 
the two curves coincide, thereby 
diminishing this advantage. 


to full voltage, thereby reducing the 
second current inrush to a minimum. 
However, let us consider in detail the 
characteristics of both compensators 
and resistance starters. 

Line Disturbance.— The question as 
to the line disturbance caused by a 
primary resistor starter will best be 
answered by the oscillograph’ curve 
shown on page 6. This oscillogram 
shows the starting characteristic of a 
20/25-hp. motor started in 1% sec., 
with manually-operated, compression 
resistance starter. Even under these 
conditions there are no sudden peaks. 

Line Current.—The resistance-type 
starter will take proportionally more 
current from the line depending on the 
voltage required to start the motor. 

Power Factor.—Since the trans- 
formers used in the average compen- 
sator are not very efficient, the exciting 
current is rather high, thereby giving 
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additional reduction in power factor. 

Losses.—The losses during starting 
will be higher with the resistance-type 
starter since actual power is dissipated 
in the resistors. These losses will get 
proportionally smaller as higher volt- 
ages are required to start the motor. 
Losses during starting will only be- 
come of importance when motors are 
started frequently, but will be more 
than offset by the reduced line dis- 
turbances and shock to the driven 
machine. 

Efficiency.—The primary- resistance 

starter will take more current from 
the line than the compensator, and the 
difference is greater the lower the tap 
used on the compensator. If, how- 
ever, the compensator is connected to 
the 75 per cent or a higher voltage tap 
this difference is not very much. This 
condition has been shown in the dia- 
gram on this page. An investigation of 
large compensator installations made 
some years ago would indicate that the 
majority are connected to the 75 per 
cent or higher taps in order to be able 
to start the motor under all load con- 
ditions. If, for instance, a motor will 
start at 70 per cent voltage on an aver- 
age, but the load is such that a higher 
voltage is required at times, the com- 
pensator would have to be connected 
to a higher tap. With the primary- 
resistance starter of the graphite- 
compression type, it would enly mean 
additional pressure applied to the com- 
pression resistors, which can be applied 
by the operator, to get the motor 
started on the heavier loads. In such 
cases the power taken from the line as 
an average may be even higher with 
the compensator. than with the resist- 
ance-type starter. 
Cost.— Up to 100 hp. the cost of the 
compression-resistance starter is in 
line with: average compensator prices. 
For higher horsepower the graphite- 
compression type starter becomes more 
expensive. 

Torque Available from Motor.— 
Since the current is under the control 
of the operator, the torque will also be. 
Inasmuch as the voltage automatically 
increases across the motor terminals as 
the starting current reduces, a higher 
torque is obtained even if no addi- 
tional resistance is cut out after the 
motor has once started. This is the 
reason that a single-step, primary- 
resistance starter will give good start- 
ing conditions. 

Smoothness or Freedom from Shock 
in Equipment Driven—Due te the 
small current inrush and the possibility 
of building up the starting current to 
just the value at which the motor 
starts, the driven machine can be 
started very gradually without any 
shock. This will prevent belt-slipping 
and reduce the strain on gear-driven 
machinery. 

Space Requirements of Each Type.— 


Up to 100 hp. the Allen-Bradley starter 


is built in the wall type, and for above 
100 hp. it is made in the floor type. 
The larger starters have a tendency to 
get bulkier than the compensators, 
which is primarily due to the air- 
break switches used which require more 
room. But when it comes to motor 
sizes above 50 hp., the size of the 
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starting equipment is not of such vital 
importance. For smaller starters which 
are frequently grouped, the average 
space taken by compensators can very 
well be met. 

Ease of Control.—Since the hand 
levers in the case of manually-oper- 
ated starters are thrown in one direc- 
tion only, mistakes in starting are prac- 
tically eliminated. Operating handles 
can be furnished with a delay in action 
so that the operator cannot accelerate 
the motor too rapidly. 

Reliability.—The statement can very 
well be made that primary-resistance 
starters are just as reliable as the 
compensator. Since the primary- 
resistance starters all use air-break 
switches, which are easier to inspect 
than the oil-immersed type switches 
used with the average compensator, 
their reliability is rather higher than 
lower. 

Ease of Repair and Maintenance.— 
Since no oil switches are used, inspec- 
tion is easy. The starters are mounted 
as a unit inside of a cabinet from 
which they can easily be taken out for 
repairs. Resistance units can be with- 
drawn by removing two connections. 

Sizes in Which Each Type Is Made.— 
Graphite-compression type starters for 
squirrel-cage motors, both hand and 
automatic types, are made up to 400 hp. 
for all voltages. The newest type of 
hand starters manufactured by the 
Allen-Bradley Company are all of the 
semi-automatic type and are made in 
sizes up to 100 hp. The starting 
switch is inside the resistance unit for 
this size. For larger sizes, the start- 
ing contacts are magnetically-operated 
switches. Since the first current inrush 
is only 30 to 50 per cent of normal 
full-load current, very little flashing is 
experienced on the starting contacts. 

Safety to Power Service and Work- 
men.—All starters are fully enclosed, 
providing safety to workmen. Starter 
covers can be locked closed. Stopping 
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on all hand starters is accomplished by 
a stop button on the outside of the 
cabinet. Due to the small current 
inrush very little line disturbances are 
experienced, thereby reducing main 
line fuse blowing to a minimum. 

Character of Applications to Which 
Each Type of Starter Is Particularty 
Adapted. — Primary-resistance type 
starters can be used everywhere that 
compensators are used. Where ma- 
chinery has to be started carefully or 
where line disturbances have to be kept 
to a minimum they are superior to 
compensators. 

Are There Any Applications to 
Which You Do Not Recommend One 
or the Other of These Two Types of 
Starters?—The only place where an 
investigation is necessary before a 
primary-resistance type starter can be 
used is where large, squirrel-cage 
motors have to be started from a lim- 
ited power supply. In such cases, the 
compensator, if the motor can be 
started on a low tap, is better adapted, 
since less power is required to start 
the motor. There are, however, cases 
where the primary-resistance type 
starter works out better, and these are 
where the power plant has sufficient 
momentary overload capacity if the 
governor is given time to act, which can 


Two applications of manually-oper- 
ated compensators to squirrel-cage 
motors. 


At the left is a General Electric 
compensator controlling a motor 
rated at 20/25 hp., 3,600 r.p.m., 220 
volts. Notice the very convenient 
arrangement of compensator, am- 
meter, and safety switch, all on the 
same pipe frame mounting. At the 
right is a manually-operated com- 
pensator controlling the motor 
driving a shear. The starting duty 
on an application of this kind is 
severe, inasmuch as a heavy fly- 
wheel must be accelerated. A West- 
inghouse auto-starter, or compensa- 
tor, and safety switch are used in 
this installation. Notice the use of 
flexible conduit for machine wiring. 
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be accomplished by building up the load 
gradually with a _ primary-resistance 
type starter. 

We are naturally very enthusiastic 
about the graphite-compression type 
starter and are thoroughly convinced 
that this method of starting is superior. 
Power companies in large centers of 
distribution like New York, Chicago, 
Detroit, St. Louis, are beginning to 
realize that the amount of power used 
during starting is not so objectionable 
as long as this power is drawn slowly 
enough. 

* * * * 


W. C. Yates, Manager, Industrial 
Controller Sales, General Electric Com- 
pany, Schenectady, N. Y.—The size of 
squirrel-cage induction motors that 
may be started without any current 
limiting means is determined by two 
considerations: First, the regulations 
of the power supply company and, 
second, the strength of the motor 
windings in view of the strain imposed. 

Most power companies put out 
printed regulations which make more 
or less definite statements as to the 
size of squirrel-cage motors that may 
be thrown on the line without a 
starter. Frequently, however, when 
special cases are taken up with them, 
rulings are made which permit throw- 
ing larger squirrel-cage motors across 
the line than are indicated by the 
printed regulations. 

Squirrel-cage motors may well be 
thrown directly on the line to start 
whenever it is permissible. Such is 
now the generally accepted practice for 
starting motors up to 7% hp. and, as 
far as the better grades of motors now 
on the market are. concerned, could 
safely be done with motors up to 20 hp. 

When the starting current must be 
limited, there are two common methods 
of accomplishing this: by a compen- 
sator (or auto-transformer) or by a 
resistor in the primary circuit. The 


BRR DEREESE SOS Pee ee de 


r 


L 
— 


4 
9 
4 15 
i 
* 


6 


compensator has long been the stand- 
ard for general application, if num- 
bers mean anything, but of late years 
the advocates of the primary-resistor 
starter have made themselves heard 
sufficiently to raise several questions 
which many industrial plant operators 
would like to have answered. 

The resistor starter in general prac- 
tice may be considered as a half-way 
step between the auto-transformer or 
compensator starter and the full volt- 
age or across-the-line type starter. 
Generally, the resistor starter pro- 
vides approximately 80 per cent of line 
voltage, and the compensator starter 
about 60 per cent of line voltage. We 
then have these three lines: 

(1) Full voltage starters, generally 
applicable to 7% -hp. motors and less. 

(2) Resistor starters giving 80 per 
cent line voltage, applicable to motors 
from 10 to 20 hp. 

(3) Transformer starters giving 
usually 60 per cent of line voltage, but 
readily adjustable to give higher or 
lower voltages, and applicable to 
larger motors. 

For small sizes of motors (up to 
about 20 hp.) on low voltage, the 
primary-resistor starter has some ad- 
vantages over the compensator in 
regard to size, weight, and cost. It 
provides a better accelerating char- 
acteristic, in that as the motor accel- 
erates and as the line current decreases, 
the voltage on the motor and conse- 
quently its torque increase. This is at 
the expense of a larger initial current 
inrush drawn from the line than a 
compensator requires, which means that 
the starting current limitations of 
central stations and the starting torque 
required of the motor must be con- 
sidered before applying a resistor 
starter. With the same line starting 
current a compensator will give 60 to 
80 per cent greater starting torque. 

With the resistor starter, the line 
circuit is not broken and made again, 
as is the case upon the throw-over from 
starting to running on a compensator. 
The circuit is maintained, and the 
second accelerating peak, which occurs 
when the resistance is shorted out, is 
therefore less than the second peak on 
starting with a compensator. How- 
ever, this does not matter greatly, for 
with a compensator the second current 
peak which may, under certain condi- 
tions, be higher than the initial inrush, 
lasts for but a few cycles and has no 
noticeable effect upon the line voltage. 
An oscillogram shows practically no 
voltage drop. 

This second current peak does have 
an effect upon the motor itself but it 
is not objectionable until we reach sizes 
of several hundred horse power when 
use of the Korndorfer method with its 
transition feature becomes advisable. 
This method, however, does not elimi- 
nate the starting compensator. 

Those who advocate the stepless 
resistor starter claim that it offsets 
many of the arguments made against 
the resistor starter. It is true that a 
gradual increase to that current that 
will start a motor is of advantage in 
minimizing the effect on the line volt- 
age, but apart from that, this type is 
open to the criticisms that can be laid 
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Oscillograph record of the line 
voltage and motor current during 
starting with primary resistors. 


This oscillogram was taken on a 
25 - hp., three - phase, 220 - volt, 
squirrel-cage, induction motor while 
being started with an Allen-Brad- 
ley primary-resistance starter. The 
top curve shows the actual alter- 
nations of the line voltage during 
the starting period. The drop in 
line voltage during this starting 
period is 4.8 per cent. The two 
bottom curves represent the current 
flowing in two of the legs of the 
motor. As may be seen, the current 
starts at a small value and gradu- 
ally builds up to the point where 
the motor starts accelerating. The 
current then gradually decreases. 
The ratio of the starting current to 
full-load running current in this 
case is 2.8 to 1. The duration of 
the starting period was 1.5 sec. 


against any resistor starter. Then, 
too, the gradual increase is more of a 


theory than an actuality in service with 


a manual starter; and it cannot be 
taken advantage of in a magnetic 
starter. 

A compensator is a voltage changing 
device, and a resistor is an energy dis- 
sipating device. For motors above 
20 hp. where long and frequently re- 
peated starts must be made, a resistor 
to have the same capacity as a com- 
pensator would be larger and more 
expensive. 

The primary-resistor starter has a 
place in the application field for the 
smaller motors and may be used with 
larger motors driving centrifugal 
pumps, fans or other light starting 
loads. A properly-designed compen- 
sator has no limitations as the right 
starter for general applications and 
can, therefore, be so recommended. In 
larger sizes, low voltage, and in all 
high-voltage starters, the resistor 
method is at a disadvantage as to size, 
weight and cost for equal capacity. 
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J. S. Rowan, President, The Rowan 
Controller Company, Baltimore, Md.— 
In comparing primary-resistance start- 
ers with compensators they can be com- 
pared from two general standpoints. 
The first to consider, and which is 
probably the oldest comparison, is the 
question of line disturbance. 

When considering line disturbance 
it is first absolutely necessary to 
eliminate the hand starter of either 
type because with the hand starter the 
line disturbance is going to depend 
upon how the operator starts the motor. 

A number of power companies have 
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made a lot of current rulings and at 
the same time are selling their custom- 
ers hand-operated equipment which 
surely seems, to the writer, to be 
ridiculous. The only way line disturb- 
ance can be controlled is by means of 
an automatic starter where the time 
of acceleration is automatically taken 
care of and thereby taken out of the 
hands of the operator. 

In comparing the question of line 
disturbance, tests made by the writer 
have shown that on light starting jobs 
the automatic compensator gives less 
line disturbance than the primary- 
resistance type and this is the only 
point at which the compensator shows 
up more favorably than the primary- 
resistance type. However, this does not 
apply in certain classes of machines 
such as fans, blowers and other centri- 
fugal devices. 

On the very heavy starting jobs, 
where high starting voltages are re- 
quired, the line disturbance is more 
favorable to the primary- resistance 
starter because the initial peak is ap- 
proximately the same, whereas the 
second peak of current is far less in 
the case of the primary- resistance 
starter than with the compensator. 

In regard to power factor it is self- 
evident that the primary-resistance 
starter is very superior and in plants 
where there is a heavy penalty for 
power factor, primary resistance is 
often justified from this standpoint 
alone. 

To my mind, however, the question 
of line disturbance is only part of the 
story and in many cases is a very 
small part. The big factor in a great 
many cases is, How do the two types 
affect the cost of production? When 
compared from this standpoint I feel 
that there is very little room for com- 
parison. 

The question of throwing the oper- 
ating lever from the starting to the 
running position, of the two types, is 
inherently simpler with the resistance 
type and, other things being equal, 
simplicity is bound to mean greater 
reliability. 

Of course, fair-minded people will 
recognize that either type is subject to 
failure and burnouts sooner or later, 
especially on hard service jobs. There 
is this difference, however, between 
the two types. The primary-resistance 
type can be repaired much easier and 
at far less cost, consequently elimi- 
nating a considerable delay in the 
shutting down of the machine which 
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very often runs into big money and 
greatly affects production costs of 
plants. In fact, any plant that em- 
ploys their own electricial men rarely 
has any need for a costly delay with 
the primary-resistance type, as the 
resistance contactor can temporarily 
be blocked in until the time can be 
spared for the proper repairs. I be- 
lieve that this little feature is the big 
deciding one as to the relative advan- 
tages of the two types. 

Primary-resistance starters are 
manufactured by The Rowan Controller 
Company in standard sizes up to 300 
hp. and will be built on special order 
in larger capacities. 
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H. D. James, Manager, Control Engi- 
neering Dept., Westinghouse Electric & 
Manufacturing Company, East Pitts- 
burgh, Pa.—There is a general ten- 
dency towards the use of full-voltage 
starting for squirrel-cage, induction 
motors. This does not require either 
a resistor or auto-transformer starter. 
The rules of the various power com- 
panies limit the inrush current in 
starting motors where the customer is 
connected to a low-voltage distribution 
network or where several customers 
are supplied from transformers of 
limited size. 

However, large industrial estab- 
lishments are not limited by these 
rules. Some of these large users have 
been experimenting with full-voltage 
starters for motors as large as 100 hp., 
where the design of the motor was 
checked to see that the windings would 
stand the strain of the initial current 
inrush. 

Recently, some motor manufacturers 
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have been experimenting with squirrel- 
cage rotors having two windings. One 
is a high-resistance winding which is 
close to the surface of the rotor and 
has a high resistance so as to give good 
starting characteristics. The second 
winding is embedded in the iron and 
absorbs very little power at slow 
speeds on account of the inductive 
effect of the iron surrounding the con- 
ductor. As the motor approaches full 
speed this winding takes the load on 
account of its low resistance and serves 
as the operating winding, practically 
short-circuiting the  high-resistance 
winding on the surface of the rotor. 
By changing the proportions of these 
windings the speed-torque curve of the 
motor can be given a variety of shapes. 
Experience with this type of motor is, 
however, too limited to make any pre- 
dictions regarding its general use. It 
has the advantage that the motor itself 


Push button operated automatic 
starters for squirrel-cage motors. 


At A is shown a Westinghouse auto- 
matic auto-starter or compensator. 
The smaller case at the right con- 
tains a magnet which furnishes the 
motive power for operating the oil 
switch in the bottom of the larger 
case. In B is shown the General 
Electric automatic compensator. 
The switching, as can be seen, Is 
done by air-break contactors. This 
starter has a thermal overload re- 
lay, shown at the bottom of the 
illustration. C shows a Westing- 
house automatic compensator using 
air-break switches. The auto-trans- 
former can be seen at the lower 
left. At D is shown an Allen-Brad- 
ley, gradual start, automatic, pri- 
mary resistance starter. The timing 
and sequence of operations on this 
starter are controlled by a pilot 
motor driving a drum controller and 
a cam for varying the resistance, in 
conjunction with time and current 
accelerating relays. 
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has the necessary features for limiting 
the inrush current at the time of start- 
ing and, therefore, a much simpler form 
of controller can be used. 


Much has been said regarding the 
effects of open circuit transition from 
the starting to the running point in 
many auto-transformer starters. For 
most motors under 200 hp. such a dis- 
cussion is largely academic. 

The writer believes that the real 
reason for selecting one type of re- 
duced voltage starter rather than 
another, is simply a matter of cost and 
convenience. The resistor starter is a 
power consuming device. For small 
motors which may be started at 80 per 
cent of normal voltage the energy lost 
in starting is small and the resistor 
type of starter is not bulky. Larger 
motors require starters which will re- 
duce the voltage to 65 per cent of 
normal, which makes a much larger 
resistor type of starter. For some. 
applications 65 per cent of full voltage 
will not start the motor, so that it is 
necessary to obtain permission to use 
80 per cent of full voltage for starting. 
Standard starters should, therefore, 
provide both voltages, particularly for 
motors of 25 hp. or larger. This 
means a rather large resistance starter. 

The transformer type of starter has 
relatively small losses and can be 
made compact and of a convenient 
shape. It is, therefore, the most de- 
sirable type for many applications. 

In general, either type of starter 
may be used within certain limitations. 
The convenience to users, however, will 
probably be the controlling factor 
rather than the power consumed during 
starting or the question of open-circuit 
transition from starting to running. 
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Some 
examples of 


Silent Chain 


Drives on 
Industrial 
Equipment 


including an analysis of 
the reasons for using such 
drives, and the operating 
results obtained from 
them 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


NDUSTRIAL plant operating 
l men find that most power trans- 
mission drives operate with very 
little trouble. This is often due to 
a light load or to ample provision 
in the power. transmission equipment 
to take care of any load. 

Practically every medium or large 
plant, however, has drives which 
continually give trouble. Frequently, 
on drives which do not operate under 
severe service conditions, this un- 
satisfactory service has been due to 
an attempt to save by estimating the 
rating too closely when designing 
the drive. In such cases, providing 
transmission equipment of ample 
capacity is the only means of solv- 
ing the problem. 

On many types of drives the load 
is of a fluctuating, or pulsating 
nature or is in the form of a shock. 
Drives of a rating which would be 
satisfactory under ordinary service 
conditions often do not stand up 
under more severe variable loading. 
For this type of service many plants 
have applied silent chain drives. It 
must be admitted that not all of 
these installations have proved as 
satisfactory as was expected, but in 
most cases an investigation would 
show that the trouble was not due 
to the chain itself but to the way 
that it was applied. One of the most 
common causes of trouble is neglect 
to take into account the fact that 
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extraordinary service conditions re- 
quire an extra capacity in the chain. 
Air compressors and refrigeration 
machinery represent a heavy type of 
service. When motors were installed 
on compressors in service to replace 
the steam engine drive many plants 
installed silent chain drives on them. 
This permits putting the motor up 
close to the compressor and gives a 
constant ratio of speed reduction 
irrespective of whether the com- 
pressor is operating under an over- 
load or with a light load. This latter 
advantage has become one of the im- 
portant advantages of chain drives 
in that a definite number of revolu- 
tions of the driven machine result 
from each revolution of the driver. 
This is also one of the principal 
reasons for the adoption of silent 
chain drives on many other types of 
equipment. An installation with a 
motor drive on a two-stage air com- 
pressor connected by a Link-Belt 
silent chain is shown on page 10. 
Still another operating condition. 
which puts a very heavy load on a 
chain drive is in connection with a 
lineshaft drive to the tumbling bar- 
rels in a foundry. As the barrels 
revolve, the contents roll and shift, 
thus causing intermittent jerks, 
which are transmitted back to the 
drive. In such cases, care must be 
exercised to see that the drive is of 
sufficient capacity to take care of the 
shock of the shifting load. Such 
over-loads are strains on the metal 
in the chain, and this condition can 


One of five silent chain drives in 
the screw-machine department of 
The Addressograph Company, Chi- 
cago, Ill 

Several years ago The Addresso- 


graph Company installed a Link- 
Belt silent chain on one of their 
lineshaft drives in the screw ma- 
chine department and have since 
adopted chains for all similar drives 
in this department. One of the 
reasons for doing this was the de- 
sire to get a definite and unvarying 
speed of the lineshaft, as the opera- 
tion of the screw machines is based 
on the speed of the lineshafts, which 
are operated at 208 to 220 r.p.m. 


only be taken care of by providing 
capacity in the chain sufficient to 
withstand the load without undue 
stress. 

A good example of a tumbling 
barrel drive is shown on page 12. 
Here the lineshaft is connected to a 
battery of 12 tumbling barrels and 
is driven at 100 r.p.m. by a 565- 
r.p.m., 25-hp. motor, through a 
Morse chain in the plant of the 
Towner Mfg. Co., Cleveland, Ohio. 

Blowers and ventilating fans are 
still another type of severe service 
which taxes the drive connected to 
them. Ordinarily chain drives for 
this and practically all other types 
of equipment are mounted with a 
comparatively short center distance 
which is determined approximately 
by the pitch and the diameter of the 
sprockets. In the installation pic- 
tured at the top of page 9 an in- 
duced draft fan operating at 300 
r.p.m. is driven through a Ramsey 
silent chain by a 30-hp. motor oper- 
ating at 750 r.p.m. In this case the 
fan was so close to the wall and so 
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large in diameter that the motor had 
to be installed entirely beyond the 
fan. This made it necessary to oper- 
ate the drive on 84-in. centers. 

Chains are coming into wide use 
on conveyor drives as they can be 
connected up to give a considerable 
reduction in speed on the first step. 
One of the illustrations on page 10 
shows an American High Speed 
chain driving a pan elevator con- 
veyor over 100 ft. long for handling 
sand. This is driven by a 200-hp., 
720-r.p.m. motor with a step down 
to 235 r.p.m. for the driven shaft. 
The remainder of the reduction is 
through gearing. This 200-hp. drive 
consists of two strands of 114-in. 
pitch chain; each strand is 12 in. 
wide. 

A type of drive somewhat similar 
to a conveyor drive, in that there is 
a considerable reduction in the speed 
of the driven equipment, is used on 
the traveling ovens in biscuit and 
cracker bakeries as is shown on page 
12. In this case a 714-hp. motor is 
connected to a Reeves variable-speed 
drive by a Ramsey silent chain to 
give a speed reduction in the first 
step of 1,150 to 355 r.p.m. The chain 
is operated on 30-in. centers. 

In the larger proportion of cases 
chain drives are designed for step- 
ping down the motor speed instead 
of stepping it up. However, in the 
Chicago plant of a candy manufac- 
turer, a sugar pulverizer, operating 
at 3,600 r.p.m., is driven from a mo- 
tor operating at 800 r.p.m. This 
gives a step-up in the speed ratio 
of 4% to 1. The motor shaft is ex- 
tended at both ends and a sprocket 
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Ordinarily silent chain drives are 
operated on short centers, but this 
drive is on 84-in. centers 


Because this induced draft blower 
was placed so close to the wall that 
the motor could not be installed 
alongside it, the long center was 
necessary. This blower is driven by 
a 30-hp. Ramsey silent chain. 


is also placed on each end of the 


shaft, which connects through the 
chain to the pinion at the end of the 
pulverizer shaft. A 35-hp., 800- 
r.p.m., 220-volt, d.c. motor is used on 
this drive, which is shown on page 
11. The shaft and rotating parts in 
the pulverizer weigh somewhat over 
300 lb. and must be very carefully 
balanced. A Morse chain is used. 

SKF thrust bearings are placed 
at each end of the shaft and operate 
under continuous lubrication from a 
sight-feed oil cup. Plain ‘ball bear- 
ings are used for the radial support 
of the pulverizer shaft in the bear- 
ings located between the pinions and 
the rotating part. The guard on the 
chain was removed when this photo- 
graph was taken. 

To operate this shaft at 3,600 
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r. p. m., it is necessary for the chain 
to travel at a very high speed, and 
in order to insure satisfactory opera- 
tion it was necessary that the chains 
be placed in special relation to each 
other. The keyways in the sprockets 
and pinions were cut very carefully 
and centered on the center line of a 
tooth. The sprockets on each end 
of the shaft were also lined up and 
cut as accurately in line as possible. 
This was necessary because if one 
chain were pulling just a little 
ahead of the other there would be a 
noticeable whip in the chain, which, 
at the high speed, would give very 
unsatisfactory operation. The in- 
stallation as originally made operat- 
ed very satisfactorily. However, 
after it had been in operation for 
some months, the shaft in the pul- 
verizer was accidentally bent. In 
installing the new shaft the keyways 
were cut a fraction of an inch out 
of alignment. This caused one chain 
to pull a little ahead of the other 
and, due to the high speed of opera- 
tion, resulted in a very serious whip 
in the chain. When a new offset 
key was made and installed, which 
takes care of misalignment of the 
keyway, the pulverizer operated as 
well as before. 

This chain is lubricated by apply- 
ing oil to the back of the chain with 
a brush, about once a month. The 
small pulley placed on the end of 
the motor shaft, as may be seen in 
the illustration, drives a counter- 
shaft overhead which is connected to 
the elevator, that supplies sugar te 
the pulverizer, and to the blower 
which blows the pulverized sugar 
into the bags of the centrifugal 
separator. 

Before the chain was installed, 
this pulverizer was driven from the 
same motor by two special, rawhide 
belts on 18-ft. centers. The installa- 
tion of the chain, of course, reduced 
considerably the floor space required. 
Previously there had been a great 
deal of difficulty in keeping the ten- 
sion of the two belts identical, so as 
to obtain a positive, even drive on 
each end of the pulverizer. 

When the tension on one belt 
exceeded that of the other, the re- 
sult was the same whip as when the 


Four silent chain drives are used 
in this installation. 


The two lineshafts in the foreground 
are operated at 600 r.p.m. from a 
motor connected through a short- 
center American High Speed silent 
chain. This is an installation of 
brass polishing and buffing wheels 
at the plant of the Chicago Faucet 
Company. The other two lineshafts 
operate at a lower speed. 
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This 200-hp. chain drive is con- 
nected to a pan elevator conveyor. 


This drive is used to handle sand 
on an elevator over 100 ft. long. 
The 200-hp. American High Speed 
silent chain is made up of two 
strands of 1%-in. pitch chain each 
12 in. wide and connects a 72-r.p.m. 
Allis-Chalmers motor to a shaft 
operating at 235 r.p.m. 


two chain sprockets were slightly out 
of alignment. The life of these two 
rather expensive belts was short, 
which made the drive a very ex- 
pensive one. The chain has been in 
operation now over a year and a half 
and has not caused any trouble ex- 
cept during the few days after the 
new shaft was installed, as has 
already been explained. 

In making this installation, an ad- 
ditional allowance was made above 
the 17% hp. for each chain which 
would normally be considered suffi- 
cient for operating the drive, as the 
motor is rated at 35 hp. 

Another interesting experience 
with a silent chain drive occurred 
in a lead mill. Previous to 1908, the 
method of driving the high-pressure 
hydraulic pumps used in the opera- 
tion of lead pipe presses at the Chi- 
cago plant of the Raymond Lead 
Works, had been a source of con- 
siderable trouble. It was practically 
impossible to prevent some water 
leaking from around the pistons and 
getting onto the belts. 

In 1908 at the recommendation of 
Earl C. Moss, consulting engineer, 
Chicago, III., Morse chains were in- 
stalled on each press pump lineshaft, 
which in turn were driven by two 
50-hp. motors through belts. These 
chain drives have operated at prac- 
tically no cost and with very little 
attention until 1924 and 1925 when 
some of the sprockets, some links, 
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and one or two of the chains had to 
be renewed. 

In addition to this, two sheet lead 
rolls are also driven by silent chain. 
In these mills both rolls reverse; 
that is, the motor reverses at the 
end of each pass and the sheet is 
returned through the rolls. One of 
these mills is operated by a 75-hp. 
motor and the other by a 50-hp. 
motor. Both of these drives have 
stood up well under the strain of 
the rapid reversals. 

In heavy-duty work such as on 
pumps and on rolling mill drives 
much depends upon using a chain of 
ample size for the heavy duty in- 
volved. The overloads are momentary 
and the motors are always designed 
with an ample factor of safety 
for such service. The point which 
too many users of silent chains over- 
look is that the chain also must be 
of a capacity fully capable of stand- 
ing the overload which might be 
placed upon it. It must be remem- 
bered that electrical apparatus shows 
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the effect of overloading largely by 
heating and unless the overload is 
continuous or far above the capacity 
of the equipment, no serious results 
follow. On the other hand, the me- 
chanical elements of a drive have a 
specific stress or load rating above 
which it is not advisable to go. For 
this reason while a motor is capable 
of handling a temporary overload of 
50 per cent, it is never advisable to 
use a chain which is so small that it 
may be subjected to a 50 per cent 
overload. In such cases, a chain of 
50 per cent greater capacity will 
give much more satisfactory service 


‘and is always advisable. This is 


also true of all other mechanical ele- 
ments in a drive, such as gears, 
clutches, couplings, or other aux- 
iliary parts of the drive. 

In the Chicago plant of Philip 
Ruxton, Inc., manufacturers of 
printing inks, Link-Belt silent chain 
drives have supplanted gears in con- 
necting the motors to the ink rolls. 
The motors are mounted on the floor 
alongside the machines. An ink roll 
consists of three rolls geared to— 
gether, and operated separately at 
ratios of approximately 1:3:9, in 
ordinary practice. 

These rolls are so close to each 
other that some provision must be 
made to stop the machine quickly 
if any foreign matter should get 
into the rolls. This is done through 
the shearing pin in the drive gear. 
If even a wiping rag should get in 


Compressor drives such as this, 
operate under severe service condi- 
tions. 


This is a two-stage, cross-con- 
nected air compressor drive which 
is connected to the motor through 
a Link-Belt silent chain. Due to the 
severe service under which a com- 
pressor drive operates, an additional 
horsepower rating according to a 
service factor is required when de- 
signing the drive. 
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between the rolls the extra load 
would shear the pin and so stop the 
machine. The gear would continue 
to revolve on the shaft, but the con- 
nection between the gears and the 
shaft would be broken. 

These drives have been in use for 
several years with only an occasional 
renewal of a link. The drives are 
not totally inclosed and so do not 
operate in a bath of oil; however, 
they are lubricated frequently by 
brushing the backs of the chain with 
a brush dipped in oil. The manufac- 
ture of ink does not create dust 
which can get into the chain. Each 
machine has its own speed reduction, 
which is not uniform on all ma- 
chines; most of them, however, oper- 
ate at a reduction of approximately 
1 to 4 or 1 to 6. The load on this 
service is very constant, particularly 
as some of the mills operate almost 
continuously. 

Another ink manufacturer uses a 
variety of drives according to the 
special problems involved in the 
work. In the main factory where 
inks of standard colors are produced 
in large quantities and the mixing 
rolls are operated almost continuous- 
ly, the machines are driven from 
lineshafts. Under such conditions 
lineshaft drive with belts to the 
rolls is considered more economical. 

In the branch factories, however, 
the larger proportion of the work 
consists of small runs to prepare ink 
of special colors to match samples. 
These runs are comparatively short 
with considerable idle time in be- 
tween for cleaning up the machine 
before the next run. For this reason 
it has been considered more advis- 
able to use an individual drive on 
each machine. Originally, belt drives 
on above 10-ft. centers were used 
in one of the plants. These, however, 
occupied considerable floor space. 
As it was desired to economize on 
floor space and add additional mills, 
each mill was changed over to a 
short-center, American High Speed 
chain drive. 

Another interesting application of 
chain drive is in connection with 
some special machines for polishing 


On this drive a silent chain is used 
to step up the speed. 

In a Chicago candy factory a sugar 
pulverizer is operated at 3.600 
r. p. m. by a 35-hp. motor. The pul- 
verizer is driven through Morse 
silent chains at each end of the head 
by a motor with an extended shaft. 
It was necessary in this case to 
line up the keyways in the shaft 
and in the sprockets so that the 
teeth would be in 
and fit into bot 
taneously. 
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reflectors for floodlights at the Chi- 
cago plant of The Pyle-National Co. 
These machines consist of a number 
of spindles or heads driven by a 
single motor. With the older type 
of machine, these spindles were each 
driven through a gear. However, 
the abrasive material used in the 
polishing process soon wore out the 
gears, so that they quickly became 
noisy. 

The machines have all been rede- 
signed, so that instead of gearing 
each spindle is driven by a Link- 
Belt silent chain. The chain drive 
is not only quiet, but it has been 
found that the wear is much less 
and the life of the chain and its 
sprockets is considerably longer than 
was the case with the gears. The 
chains are subjected to moisture and 
abrasive material, and operate under 
practically the same conditions as 
did the gears. 

Several years ago The Addresso- 
graph Co., Chicago, IIl., installed a 
Link-Belt silent chain on the line- 
shaft driving a battery of screw 
machines. The advantages found to 
result were a decrease in the main- 
tenance cost and attention required 
by the drive. Formerly the belt had 
to be tightened frequently and occa- 
sionally the group of machines had 
to be shut down to repair the drive. 
This left the men idle in the mean- 
time. When belts to the individual 
machines require attention only the 
one machine is interfered with; any 
interruption on the main drives 
stops all. Since then four other bat- 
teries of screw machines have simi- 
larly been equipped with Link-Belt 


11 
chains on the lineshaft drives. 
Another advantage of chain 


drives, which has been of value in 
the experience in this plant, is that a 
chain gives a positive reduction in 
speed. Here fixed lineshaft speeds, 
which range from 208 to 220 r.p.m. 
are used on the different drives. 
These speeds are used in determin- 
ing what output should be expected 
of any machine and in setting the 
speed and feed gears of the screw 
machines. The chain dips in a bath 
of oil in the lower half of the case. 

On lineshaft drives it is often 
necessary or advisable to make the 
lower part of the chain case hinged 
and fasten the upper half to the ceil- 
ing because generally the upper part 
of the case cannot be lifted high 
enough to permit inspection. 


Buffing or polishing wheels are 
generally operated from lineshafts 
or are individually motor-driven. As 
the wheels operate at high speed, the 
lineshaft is usually driven at a speed 
much higher than in the case of the 
ordinary lineshaft installation. In 
the plant of the Chicago Faucet Co., 
short lineshafts are connected to 
groups of eight buffing or polishing 
machines. The lineshafts are driven 
by 15-hp., 1,200-r.p.m. induction 
motors and operate at 500 r. p. m. 
SKF ball-bearing hanger boxes 
are used throughout. The motors 
are mounted on the ceiling and are 
connected to the lineshaft by Amer- 
ican High Speed chains. The 


principal reason for using chain 
drive was the difficulty of operating 
belts and pulleys in the heavy atmos- 
phere of abrasive dust which would 
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settle on the belt and act like emery 
on the pulleys. These chain drives 
are totally enclosed and dip in lubri- 
cant in the lower part of the case. 

In another factory groups of light 
punch and forming presses are oper- 
ated from lineshafts. Two shafts 
are driven by 20-hp. motors and two 
other shafts are driven by 15-hp. 
motors connected to the shaft by 
American High Speed chains. The 
shaft operates at about 275 r.p.m. 

Silent chains were used on this 
installation because it was desired 
to have the shafts operate at a very 
definite speed, which would be known 


to be exact when determining the 


speed of operation of each individual 
machine. Before the chain drives 
were installed the lineshafts oper- 
ated at speeds lower than was 
thought to be the case, and so pro- 
duction figures based on the esti- 
mated speed of the lineshaft were in 
error by several percent. In some 
cases this had been caused by using 
pulleys which were available and 
would give what was considered to 
be “approximately” the right speed. 

A manufacturer of envelopes has 
installed a number of 1⁄2- to 2-hp. 
American High Speed chain drives 
on various machines in his plant. 
Most of these chain drives replaced 
gear drives which became very noisy 
as soon as the gears were slightly 
worn. As most of the help in plants 
such as this is composed of girls and 
women, quiet operation of equip- 
ment is a very important factor in 
keeping the better class of workers. 

The first of these chains was in- 


Due to the shock load a tumbling 
barrel drive presents unusual oper- 
ating conditions. 


This battery of 12 tumbling barrels 
at the Cleveland, Ohio, plant of the 
Towner Mfg. Co., is driven through 
a lineshaft by a Morse silent chain 
connected to a 25-hp. motor operat- 
ing at 565 r.p.m. This is a 1.2-in. 
pitch chain, 4 in. wide, operating 
on 54-in. centers. 
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stalled about four years ago and ad- 
ditional chains have been put on 
various machines since then, as they 
have been taken down for overhaul- 
ing. Some of the motors operate at 
1,750 and others at 1,200 r.p.m. Re- 
ductions of 3 to 1 and higher are 
made on the various drives. On one 
of the first machines on which a 
chain drive was installed, the motor 
previously had been mounted about 
5 ft. away to one side of the machine 
so as to give room for the belt drive. 
This arrangement prevented the 
operator from passing around the 
machine except on the one side and 
also occupied considerable floor 
space. A new sprocket was placed 
on the shaft and the motor brought 
up and mounted directly under the 
machine and connected to it by a 
short chain drive. The end of the 
shaft which extended out from the 
side of the machine to carry the belt 
pulley was cut off and the operator 
can now pass around the machine on 
either side, which permits him to 
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A type of drive installed as stand- 
ard by a large manufacturer of 
biscuits and cookies. 


Here a 7% hp. Ramsey silent chain 
is connected up to a Reeves vari- 
able-speed drive to 18 an imme- 
diate reduction of 1.150 r. p. m. to 355 
r. p. m. This drive operates on 30 in. 
centers. The variable-speed drive 
permits a large variation in the 
speed of travel of the oven, to take 
care of quick- or slow-baking 
products. 


operate two machines. Expansion 
of the department made it necessary 
to shorten up all of the drives to 
gain additional floor space so that 
now all machines are chain driven. 

A number of other machines were 
connected to the motors directly 
through gears. A set of gears would 
last from a year to a year and a half, 
when, due to the abrasive action of 
the paper dust which would get into 
them, they had to be renewed. A 
set of gears and pinions for a drive 
cost $14, while the sprocket and 
chain for a similar drive cost $16; 
that is, the cost of the gears was 
about $10 a year, compared to a 
cost of $16 for the chain spread over 
several years. 

These chains are set back under 
the machine sufficiently to be pro- 
tected and prevent paper from get- 
ting down into them. When the 
machines are idle on Saturday after- 
noons, a man wipes paper lint off all 
drives and oils the chains from the 
back with a brush. 

Shearing pins are a part of each 
driven sprocket. This is especially 
necessary in envelope cutting ma- 
chines where there is always the 
possibility of something getting into 
the way of the die and stopping the 
machine during the stroke. 
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Equipment 


for Air Compressors 


including type and capacity of motor required, kind load, method of unloading, pressure 
of control apparatus necessary, and the type of 
mechanical connection that should be used for types of air compressors will aid in 
coupling the motor to the compressor 


By GORDON FOX 


Electrical Engineer, Freyn Engineering 
Company, Chicago, III. 


ANY and varied are the uses 
M of compressed air. Indus- 

trial uses of this form of 
power are confined mainly to fur- 
nishing the motive force for portable 
tools such as drills, reamers, ham- 
mers, and riveters, as used for steel 
fabrication, miscellaneous factory 
maintenance, and quarrying; for air 
hoists and air chucks as used in ma- 
chine shops; for sandblasting and 
for general cleaning of electrical and 
mechanical equipment; for paint 
sprays or mechanical painting de- 


vices; and for the agitation and pro- 
pulsion of liquids and semi-liquids 
found in some industrial and chemi- 
cal processes. 

Inasmuch as compressed air can 
be readily carried through pipes to 
the point of consumption it is the 
more common practice to compress 
the air at one or more central loca- 
tions which are connected to a pipe 
distribution system. Compressors 
are located near points of large air 
consumption and the pipe lines carry 
the air to any other places where use 
of it may be required. 

Selection of the motor, control, 
and mechanical power drive equip- 
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The synchronous motor is pre-eminently 
adapted for the great majority of air com 
pressor drives. In this illustration a syn- 
chronous motor is direct connected to a 
Sullivan Machinery Co. angle compound 
(two stage) compressor. Manually-oper- 
ated control (shown at right) is used for 
starting. This installation is in the plant 
of the Enterprise Foundry Co., at Detroit. 


ment for an air compressor depends 
upon many factors, among which are 
type of compressor, character of 


required, speed of compressor and 
the like. An understanding of the 


the proper application of power 
drive equipment to them. 

For compressing moderate vol- 
umes of air at fairly high pressures, 
compressors of the reciprocating, 
displacement type are particularly 
suited. 

Single-stage compressors are in 
common use in the smaller sizes and 
for the lower pressures. These are 
ordinarily single-cylinder machines. 
Two-stage compressors are employed 
in the larger capacities and for the 
higher pressures. These are com- 
monly duplex machines with cranks 
90 deg. apart. Single-stage compres- 
sion is properly employed for gage 
pressures up to 60 lb. per sq. in. For 
pressures from 60 to 100 lb. per sq. 
in. the selection of the compressor 
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should be governed by the capacity, 
the altitude, and the cost of power. 
For discharge pressures above 100 
lb. per sq. in., two-stage compres- 
sors are considered standard. 

The compression of air develops 
heat. As the air cools before being 
used, this heat is lost and leads to 
shrinkage of the air compressed. If 
air is compressed adiabatically, that 
is, with no cooling during compres- 
sion, more power is required than if 
the air were compressed isother— 
mally, that is with sufficiently cooling 
to maintain constant temperature 
through the compression operation. 
However, it is not possible to accom- 
plish isothermal compression. As an 
approach to this condition, water 
jackets on the compression cylinders 
are employed, together with multi- 
stage compression having inter-cool- 
ing coils between stages. 

For the reasons just stated, two- 
stage compression is materially more 
efficient than single-stage compres- 
sion. The difference is more pro- 
nounced the higher the ratio of com- 
pression. For pressures above 60 lb. 
per sq. in. two-stage compression is 
preferable. Incase of high altitudes 
the ratio of compression is increased 
and the benefit of two-stage compres- 
sion is enhanced. The higher effi- 
ciency of the two-stage machine low- 
ers the power consumption, which 
may permit the use of a smaller mo- 
tor. The saving in motor cost result- 
ing thereby, may partially offset the 
higher cost of a two-stage compres- 
sor. Two-stage compression is gen- 
erally to be preferred for pressures 
of 100 lb. and above with displace- 
ments of 300 cu. ft. of free air per 
min. and above. i 


POWER REQUIRED TO DRIVE RECIPRO- 
CATING AIR COMPRESSORS 


The power required to drive a re- 
ciprocating air compressor depends 
upon the size, type, ratio of compres- 
sion and many design details. Aver- 
age conservative values of brake 
horsepower at the compressor shaft 
per 100 cu. ft. per min. of free air 
delivered, are given both for single- 
stage and two-stage compressors in 
the diagram on this page. This dia- 
gram also shows the theoretical 
power requirements for adiabatic as 
well as for isothermal compression. 
The overall efficiency of commercial 
single-stage compressors, referred to 
isothermal compression is on the 
order of 60 per cent. The over-all 
efficiency of two-stage compressors 
is more nearly 65 to 70 per cent. In 
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Hp. Required to Compress and Deliver 100 (Hf Free Air 


| 
L — a 
3 40 50 6 W 60 90 100 110 


Gage Pressure 
Brake horsepower required at com- 
pressor shaft per 100 cu. ft. of free 
air per min. 


Values are given for both single- 
stage and two-stage compressors 
for gage pressures from 10 to 110 
lb. per sq. in. Comparative adia- 
batic and isothermal compression 
power requirement curves are shown. 


the case of belt-driven compressors 
some allowance should be made for 
belt losses in arriving at the horse- 
power required at the shaft of the 
motor. 

The values shown in the diagram 
on this page refer to sea level condi- 
tions. In the case of high altitudes 
the ratio of compression and the 
mean effective pressure are increased 
and the power required per cu. ft. of 
free air per min. is greater. How- 
ever, the capacity of a given com- 
pressor is reduced to a greater de- 


A short-center belt drive gives a 
very flexible and economical ar- 
rangement. 


This Ingersoll-Rand two-stage, air 
compressor is driven by a wound- 
rotor induction motor. A manually- 
operated drum controller, as shown 


at the left is used for starting. 
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gree than the increase in unit power 
requirement. Therefore, an equip- 
ment which is correct under sea level 
conditions may be overmotored at 
high altitudes. The table on page 
15 shows the corrections to be made 
for altitude. The factors given in 
the last column of the table should 
be used in correcting the curves in 
the diagram on page 14 so as to make 
allowance for different altitudes. 

The power consumption of com- 
pressed air systems may be seriously 
affected by leakage. To avoid exces- 
Sive power wastage from this cause 
it is desirable that the tightness of 
the air lines be tested frequently by 
noting the rate of drop in pressure 
when all legitimate uses of ai: are 
temporarily discontinued. 

The reciprocating compressor, a 
positive displacement machine, deliv- 
ers a definite quantity per revolu- 
tion. It is thus possible to vary the 
delivery by changing the speed. In 
this case the torque maintains a defi- 
nite value and the horsepower re- 
quired increases directly with the 
speed. With steam engine drive the 
speed is commonly varied to give the 
delivery required. 


It is usually desirable to drive air 
compressors by alternating-current 
motors because, (1) power is gen- 
erally available in this form and is 
cheaper, (2) avoidance of conversion 
loss, (3) fairly large amounts of 
power are commonly involved, and 
(4) because alternating-current mo- 
tors are excellently suited to the 
work. As the alternating-current 


motor is inherently a constant-speed 
machine several methods have been 
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developed to vary the delivery of 
compressors driven at constant 
speed, in order to adjust the output 
to the demand. 


METHODS OF TAKING CARE OF 
IRREGULAR AIR DEMAND 


Where the demand is irregular but 
not intermittent. it is best to “un- 
load” the compressor during periods 
of light demand. There are several 
methods of unloading. In one meth- 
od the admission of air is prevented 
and the piston is operated in a par- 
tial vacuum. However, with this 
method the transition from no-load 
to full-load may be rather sudden. 
To avoid this another method used 
prevents the admission of air and 
opens the discharge valves of the 
compressor. In the third method, 
the suction valves are held open dur- 
ing both the suction and compression 
strokes. 

An air compressor while operating 
“unloaded” requires about 15 per 
cent of its full-load input, which rep- 
resents a considerable loss of energy. 
Light load operation over long per- 
iods is undesirable for this reason 
and also because of the low power 
factor resulting when induction mo- 
tor drive is used. 

Air compressors are now available 
which do not unload entirely and 
suddenly, but partially, by steps. 
These can be operated steadily at 
partial output, if desired, rather 
than intermittently unloaded or with 
full output. The more common 
method of providing partial unload- 
ing is by means of variable clearance 
regulation in which auxiliary valves 
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Correction in Power Requirements of Air Compressors 


Due to Charge in Altitude 


Altitude ir per C Loss of | Decrease in | Increase in 

gAbove,, | Barometer) Premure | ‘Sea karsi | Cepecity | prover, | Hower per 

Ft. Delivery Per Cent Per Cent Per Cent 

ent 
0 30.0 14.7 100 0 0.0 0.0 
1.000 28.9 14.2 97 3 1.8 11 
2.000 27.8 13.7 93 7 3.5 3.9 
3,000 26.8 13.2 90 10 5.2 5.2 
4,000 25.8 12:4 87 13 6.9 7.0 
5,000 24.8 12:2 t4 16 8.5 9.0 
6,000 23.9 E 81 19 10.1 11.0 
8,000 22.1 10.9 76 24 13.1 14.5 


open auxiliary clearance ` pockets. 
Other methods of partial unloading 
are by variable compression volume 
and variable suction volume. Par- 
tial unloading gives a more uniform 
motor load and may lower the power 
demand peaks where demand is de- 
termined on a two- or three-minute 
interval. Where demand is deter- 
mined by an integrated consumption 
over fifteen minutes or more, partial 
unloading will not decrease the de- 
mand. i 

Where the demand is highly inter- 
mittent, it is not desirable to oper- 
ate a compressor unloaded for long 
periods. It is then best to arrange 
for the motor to start and stop, as 
required, to maintain the pressure 
within limits in a storage receiver. 
Automatic magnetic control in con- 
nection with a pressure gage gov- 


A silent-chain drive offers many 
advantages for connecting the 
motor to the air compressor. 

In this illustration a Link-Belt 
silent chain connects a squirrel- 
cage motor to the compressor 
crankshaft. The top half of the 
guard has been removed to permit 
inspection of the chain. 


erns the motor operation. The 
illustration on page 16 shows such 
a method of control in use on a two- 
stage tandem compressor. 

In air-compressor applications 
where a system is operated in this 
manner it is necessary that there be 
little leakage; otherwise the com- 
pressor will be called upon to oper- 
ate from time to time when no air is 
being used, merely to supply the 
leakage. It is quite feasible to store 
a large supply of air in a receiver, 
the latter serving primarily to pre- 
vent too frequent starting and stop- 
ping of the compressor due to leak- 
age in connection with a piping 
system of small volume. 

Some compressors are installed 
under conditions where the demand 
for air may be highly intermittent 
during portions of the time and 
fairly heavy during other portions. 
It is not desirable to operate by the 
automatic start and stop method if 
the demand is such that the com- 
pressor is thereby started and 
stopped too frequently. It is often 
feasible to provide the compressor 
with unloading devices and also to 
arrange the control for automatic 
start and stop operation. Means 
may be readily provided for by-pass- 
ing or cutting out either system. 
The compressor may then be oper- 
ated with the unloading device dur- 
ing periods of heavy demand while 
the automatic start and stop system 
may be employed during long periods 
of light demand. 

Motors driving air compressors 
equipped with unloading devices are 
limited as to loading and, therefore, 
require no overload capacity. Hence, 
drives of this type may be closely 
motored. 9 

The rotative speed of a compres- 
sor is limited by the permissible 
linear speed of piston travel, which 
ranges from 300 to 550 ft. per min. 
The older compressors, suited for 
engine drive, commonly operated at 
low rotative speeds and had a long 
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stroke. Higher-speed, short-stroke 
machines are, in general, better 
suited for direct connection to mo- 
tors. Air compressors of large ca- 
pacity are now standard at speeds 
around 200 r.p.m. and smaller ma- 
chines at speeds of 800 r.p.m. and 
above. These relatively high speeds 
reduce the initial cost of the com- 
pressor and drive, increase the effi- 
ciency, and simplify the provision of 
flywheel effect. 


SELECTION OF TYPE OF MOTOR AND 
DRIVE CONNECTION 


The synchronous motor is pre- 
eminently adapted for the great ma- 
jority of air compressor drives. Ex- 
cept for some of the smaller units, 
direct-connected motors are desir- 
able, primarily because of economy 
of floor space and elimination of in- 
termediate drive mechanism. The 
induction motor is not commonly 
built for such low speeds, for at such 
speeds this type of motor has the 
disadvantages of both low efficiency 
and low power factor. 

On the other hand, the low-speed 
synchronous motor is highly efficient 
and affords a high power factor, 
which is subject to control. The 
synchronous motor retains a good 
efficiency at partial loads. If excited 
for unity power factor at full load, 
the power factor will be slightly 
leading when the compressor runs 
unloaded. For the unusual, constant- 
speed, continuous-running duty the 
synchronous motor is ideal. The 
starting requirements can be satis- 
factorily met. The wide air gap of 
this type of motor is favorable to 
engine-type construction. The cost 
of a low-speed synchronous motor is 
ordinarily less than that of an 
equivalent induction motor. The 
synchronous motor is so well suited 
in all respects that it is almost the 
unanimous choice for all direct-con- 
nected air compressors and for all 
compressors of large capacity. 

The illustration on page 18 shows 
a typical installation comprising an 
engine-type synchronous motor with 
belted exciter, driving an angle com- 
pound compressor. Manual switch- 
ing is required for starting, how- 
ever, as may be seen from inspection 
of the control panel at the right. 


The motor may be direct connected 
to the compressor by pressing the 
rotor onto the compressor shaft, as 
is shown in the illustrations on 
pages 16 and 17 or by connecting 
to the compressor shaft by means of 
rigid couplings. 


è 
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Automatic start and stop from 
pressure gage control is used on 
many compressors. 

This two-stage, tandem, Chicago 


Pneumatic Tool compressor is 
driven by a synchronous motor and 
controlled by the automatic panel 
shown at the right. The rotor of 
the synchronous motor is mounted 
directly on the crankshaft thus re- 
quiring no outboard bearing. 


Air compressors of small capacity, 
notably those of the single-stage 
type are more commonly belt driven 
by induction motors. For the sake 
of space economy the short belt 
drive with idler pulley is generally 
employed. An installation of this 
type is illustrated on page 13. These 
motors may be either of the squirrel- 
cage or the wound-rotor type. For 
continuous - running service the 
squirrel-cage motor is quite satisfac- 
tory, particularly for the smaller ma- 
chines. For “start and stop” serv- 
ice the wound-rotor motor is to be 
recommended. 

On some types the motor is 
mounted on the end of the shaft as 
illustrated on pages 16 and 17. This 
does away with the need of outboard 
bearings. The motor may be built 
into the flywheel as shown at bottom 
of page 17. This does away not only 
with the outboard bearings but also 
with the separate stator bedplate. 

A silent chain drive is often used 
for connecting the air compressor to 
its motor. Such a drive gives very 
good economy and flexibility in ar- 
rangement of floor space, combined 
with high efficiency and reliability. 
In selecting silent chains for air 
compressor service, it is usual to 
choese one having a rating of 120 
per cent ef the motor capacity. A 
silent chain drive for an air compres- 
sor is illustrated on page 15. 
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Where belt or chain drive is em- 
ployed there is sometimes an advan- 
tage in adjusting the compressor 
speed and capacity to suit the motor 
rating. Consider a machine rated at 
300 cu. ft. of free air per min. at 
240 r.p.m. and requiring 80 hp. If 
this machine were operated at 225 
r.p.m., its capacity would be reduced 
to 281 cu. ft. per min. and a 75-hp. 
motor would suffice. On the other 
hand, if a 100-hp. motor were used, 
the compressor speed might be in- 
creased to, say, 280 r.p.m. (if allow- 
able) and the capacity increased to 
350 cu. ft. per min. 


Changing the compressor speed 


by changing the size of motor 
pulleys may bring the output of the 
compressor more nearly in line with 
the demand for air and thereby pre- 
vent frequent starting and stopping 
of the compressor or prevent long 
periods of operation with the com- 
pressor unloaded. 

Synchronous motors suitable for 
direct connection to small air com- 
pressors have been recently devel- 
oped. A 40-hp., 300-r.p.m. syn- 
chronous motor driving a 10-in. by 
8-in. air compressor is shown in top 
illustration on page 17. Motors of 
the type shown are available in sizes 
down to 20 hp. They offer many of 
the advantages common to the larger 
machines, although in lesser degree. 
For continuous-duty, permanent in- 
stallations their use is particularly 
warranted. 

Very few large air compressors 
are driven by direct-current motors. 
They are sometimes used for med- 
ium and small size machines. These 
installations are generally of the belt 


drive type, but engine-type, direct- 
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current motors may be successfully 
employed where only direct-current 
power is available. Compound-wound 
motors are generally preferred, pri- 
marily because of their better start- 
ing capacity and also because they 
are more adapted to a load requir- 
ing a pulsating torque combined with 
high inertia. 


EFFECT OF PULSATING TORQUE ON 
MOTOR SELECTION 


The torque required for driving a 
reciprocating compressor is irregu- 
lar, having pulsations due to varying 
crank effort. A synchronous motor 
inherently tends to hold constant 
speed and varies its torque with the 
slight changes in angular velocity 
resulting from the varying load 
torque. This results in a periodic 
variation in power input. The 
amount of angular speed variation 
depends upon the load-torque varia- 
tion and the inertia of the revolving 
parts. It is commonly necessary to 
adjust the flywheel effect for two 
reasons: first, to prevent the com- 
bination of mechanical oscillations 
due to load and those oscillations due 
to varying motor torque in a manner 
to cause resonance and hunting; and 
second, to limit the extent of periodic 
current variation. 
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The Electric Power Club and the 
American Society of Refrigerating 
Engineers have adopted the follow- 
ing rule in regard to current varia- 
tion in synchronous motors driving 
air and ammonia compressors: 

„When the driven load, such as 
that of reciprocating pumps or com- 
pressors, requires a variable torque 
during each revolution, the combined 
installation shall have sufficient in- 
ertia in its rotating parts to limit 
the variations in motor armature 
current to a value not exceeding 66 
per cent of full-load current. 

“The basis of determining this 


Two types of synchronous motors 
in use on single-stage compressors. 


In the top illustration, the rotor of 
the motor is pressed directly on to 
a short extension of the crankshaft, 
thereby eliminating the necessity of 
an outboard bearing. The stator 1s 
mounted on a separate bedplate, 
which makes a very accessible ar- 
rangement. In the bottom illustra- 
tion is shown a synchronous motor 
that is built into the flywheel of the 
compressor. The rotor is on the 
outside of the stationary element, 
the fields being attached to the fly- 
wheel. The stator winding and core 
is concentric to the flelds and is 
attached to the compressor frame. 
This arrangement does away with 
the necessity of a separate bedplate 
for the motor, lightens the com- 


pressor weight and yet is very ac- 
cessible for repairs or maintenance. 
Both compressors shown in these 
illustrations are single stage and 
are made by the Chicago Pneumatic 
Tool Co., New York, N. Y. 
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variation shall be by oscillograph 
measurement and not by ammeter 
readings. A line shall be drawn on 
the oscillogram through the consecu- 
tive peaks of the current wave. The 
variation is the difference between 
the maximum and minimum ordin- 
ates of this envelope. This variation 
shall not exceed 66 per cent of the 
maximum value of the rated full- 
load current of the motor. (The 
maximum value of the motor arma- 
ture current is to be assumed as 1.41 
times the rated full-load current).” 

This rule does not necessarily de- 
termine the proper practice in all 
cases. It is sometimes very difficult 
to supply sufficient flywheel effect to 
restrict the current variation within 
the limits above stated, in which 
case a greater variation may be per- 
missible. In other cases it may be 
desirable to restrict the current 
variation to as low as 25 per cent 
of rated full-load current. 


So far as the motor is concerned, 
a somewhat greater variation than 
66 per cent ordinarily has very little 
effect on performance, reliability, 
heating, and efficiency of the motor. 
The matter is largely one involving 
the effect on the supply system. 
Where lighting supply is involved 
a low current variation is desir- 
able. On lines devoted exclusively 
to power supply, larger variations 
are not detrimental. 


STARTING REQUIREMENTS OF AN 
AIR COMPRESSOR DRIVE 


With two-stage, duplex compres- 
sors, it is not ordinarily difficult to 
supply sufficient flywheel effect to 
prevent resonance and to restrict the 
current variation. In some cases the 
necessary flywheel effect is included 
in the revolving member of the mo- 
tor. This practice is open to ques- 
tion if the decrease in effective diam- 
eter requires a material increase in 
weight. Not infrequently it occurs 
that widely differing values of fly- 
wheel effect will meet the require- 
ments, in which case the lowest 
value may well be used, thereby mini- 
mizing both the first cost and the in- 
evitable bearing losses. With 
straight line compressors it may be 
more difficult to meet flywheel re- 
quirements, due to the greater varia- 
tion of load torque. For a further 
discussion of flywheels for synchron- 
ous motors see page 451 of the 
“Principles of Electric Motors & 


Control” by the writer. 


Air compressors, except in the 
smaller sizes, are ordinarily ar- 
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ranged to start unloaded. The torque 
required to start from rest is then 
10 to 30 per cent of the full-load 
torque. A suitable synchronous mo- 
tor can develop this torque with an 
input of 150 to 300 per cent of full- 
load kva., depending upon motor 
speed and design and the starting 
voltage. The size of the flywheel 
materially affects the starting re- 
quirements of a compressor drive. 

Indirectly it decidedly affects the 
pull-in torque. As a large flywheel 
may have too much inertia to be 
pulled into step from say 95 per cent 
speed, it may be necessary to reach 
perhaps 97 or 98 per cent speed by 
induction motor action. It is much 
more difficult to obtain a high pull-in 
torque at 97 per cent speed because 
the induction-motor torque is nearly 
proportional to the slip and falls off 
as synchronism is approached. 

Bearing friction influences the 
starting torque required. The in- 
ertia of the compressor affects the 
pull in torque demanded by making 
it necessary for the motor to ap- 
proach more closely to synchronous 
speed by induction motor action, 
thereby reducing the speed range 
through which the flywheel must be 
accelerated at the instant of pull-in. 
Compressors with light flywheels re- 
quire about 15 per cent full-load 
torque to pull into synchronism under 
unloaded conditions. Compressors 
with large flywheels may required 25 
to 30 per cent pull-in torques. 


WOUND-ROTOR MOTOR BEST ADAPTED 
TO FREQUENT STARTING DUTY 


The synchronous motor is quite 
satisfactory in starting characteris- 
tics for driving air compressors 
which start only infrequently. It is 
superior, in many instances, to the 
squirrel-cage induction motor, since 
the cage winding of a synchronous 
motor may be designed with a view 
to starting requirements only. The 
wound-rotor induction motor is suit- 
able for “start and stop” service, 
since the current inrush for a given 
torque development is low. Syn- 
chronous motors with automatic 
starters are used successfully for 
this service, however. 

Unloading both at starting and 
stopping is desirable when belt drive 
is employed, especially with the short 
belt and idler pulley arrangement. 
If the compressor is unloaded at 
stopping it will drift smoothly to 
rest with the motor. If it is not un- 
loaded, it may jerk the belt and pitch 
the idler pulley. Some compressors 
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are equipped with a fly-ball device 
which unloads the compressor when 
it is running at speeds materially 
below normal. Some compressors 
are now equipped with a small elec- 
tric solenoid which operates small 
air valves, functioning indirectly to 
cause unloading. This solenoid is 
connected so as to be energized by 
the last operation of the motor con- 
trol panel, during acceleration, thus 
causing the compressor to load as 
the motor attains speed. When 
power is cut off to stop the compres- 
sor, the solenoid drops and immedi- 
ately causes unloading. In the case 
of “start and stop” units a cooling 
water valve is sometimes included in 
the automatic system to prevent 
wastage of water when the compres- 
sor is idle and vice versa. Where 
the solenoid unloader is employed it 
may well be energized from the 
transformer which supplies the mag- 
netic contactors, but a small increase 
in the capacity of this transformer 
may be necessary. 
Direct-connected compressors 


should preferably run “under.” A 


Push-button control offers many 
advantages for starting synchro- 
nous motors. 


This angle compound Sullivan Ma- 
chinery Co., air compressor is 
driven by a synchronous motor that 
is started by means of magnet- 
operated, air-break contactors as 
shown on the panel at the right of 
the illustration. push button 
causes the control to function and 
the motor is automatically started. 
brought up to speed, field applied, 
and put on the line without any 
attention from the operator, there- 
by permitting the use of oilers and 
unskilled labor for this duty. As 
may be noticed, this motor requires 
no outboard bearing. 
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belted compressor may have to run 
“over” so as to have the slack belt 
side on top thereby increasing the 
arc of contact between belt and 
pulleys. 


CORRECTING POWER FACTOR BY 
AIR COMPRESSOR MOTOR 


In selecting a synchronous motor 
for driving a compressor, a choice is 
necessary between the machine 
which is rated on a unity power fac- 
tor basis and the machine rated, usu- 
ally, on an 80 per cent power factor 
basis, for power factor correction. 
This point is affected largely by 
local considerations involving the 
need of power factor correction and 
the savings to be made thereby. A 
unity power factor installation may 
cause considerable improvement in 
plant power factor especially in view 
of the fact that the power factor will 
be leading when the compressor runs 
unloaded. A leading power factor 
motor will not be justified unless suf- 
ficient advantage can be realized, 
through its corrective qualities, to 
outweigh its higher first cost and 
lower efficiency. The efficiency at 80 
per cent power factor leading will 
normally be 2 or 3 points below the 
efficiency that would be obtained at 
unity power factor. 

Due to the greater synchonizing 
power of the over-excited synchron- 
ous motor used for power factor cor- 
rection, more flywheel effect may be 
required to restrict the current 
fluctuation. This may be inherent 
in the larger frame required for the 
over-excited machine. 
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Using Steel Forms for 
Supporting Lineshafting 


in mill type, steel and concrete buildings in order to 
reduce the work of erecting this equipment and to 
facilitate future changes in layout 


By P. L. PRYIBIL 


Vice President, Midwest Steel & Supply 
Company, Inc., Bradford, Pa. 


ANY unusual conditions are 
M encountered by the erection 
superintendent or the mill- 
wright when installing lineshafts, 
especially where the groundwork 
has to be devised and placed in posi- 
tion. This kind of work as a whole 
is more diversified than one who is 
not initiated would imagine and the 
physical layout and conditions within 
factory buildings offer very trying 
problems at times. The competent 
millwright or erecting engineer who 
has to solve them is worth all one 
has to pay him and often more. 


For this reason, a discussion of 
the problems invoked in erecting 
lineshafts in the different types of 
industrial buildings in use, with par- 
ticular attention to the lack of pro- 
visions for easy anchorage of me- 
chanical equipment, may be helpful 
to the readers of INDUSTRIAL ENGI- 
NEER, many of whom have to solve 
problems of this nature. In this 
article, particular attention is di- 
rected toward the remedies which 
can be provided to partially elimi- 
nate these adverse conditions, in so 
far as the building itself is con- 
cerned, or to compensate for them 
through the use of standardized 
appliances perfected after many 
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Fig. 1— This lineshaft installation 
in one of the Chicago plants of the 
Continental Can Co. is supported 
by special steel shapes designed for 
such work. 


In this case short inserts were cast 
in the concrete ceiling beams. Sec- 
tions of stringers are bolted to these 
inserts and a longitudinal pair of 
stringers, which is bolted to these, 
forms the footings for attaching the 
hangers. The lineshaft may be 
easily shifted a few inches or feet 
by loosening the bolts which hold 
the two longitudinal stringers and 
sliding them in either direction. 
Also, the entire installation may be 
taken down and re-erected in any 
part of the building and all ef the 
groundwork re-used without any 
waste or cutting except when neces- 
sary to provide for a change in 
length of the shaft. The entire 
building is provided with inserts in 
the ceiling beams on 4-ft. centers. 
This is of great importance in the 
rapid shifting of machinery and de- 
partments. 


years of experience in erecting line- 
shafts and supporting various other 
machinery overhead in industrial 
plants. 

The supporting of lineshafts and 
countershafts, as well as motors and 
other power transmission apparatus, 


in buildings used for manufacturing 


purposes is nearly always more ex- 
pensive than the initial estimates 
indicate and frequently is more 
difficult than was anticipated when 
making the plans for the installa- 
tion. Two of the fundamental rea- 
sons for this are the differences in 
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Figs. 2A, 2B and 2C—Here long 
box rails are cast in the ceiling, in- 
stead of short inserts as in Fig. 1. 


These Midwest box rails are of a 
special shape to take a bolt head 
and are cast in the concrete ceiling. 
The equipment or machinery may be 
supported directly from them as 
shown in these three illustrations. 
However, in installations such as 
A and B where parallel box rails 
are cast in the ceiling at the proper 
distance apart to take a lineshaft 
hanger or motor footing, there is 
no opportunity of moving the 
shafting to one side or other. It is 
generally much more advisable to 
set these inserts in the beams, as 
at C, or at fixed centers and attach 
stringers or cross rails as in Fig. 1. 


the styles and types of construction 
of buildings used for manufactur- 
ing purposes, and to the lack of 
standardized forms or shapes for 
fabricating the superstructure or 
groundwork for the direct attach- 
ment of lineshaft hangers. The dif- 
ferences in types of buildings apply 
not only to buildings especially de- 
signed for manufacturing but also 
to converted buildings, such as 
structures originally built for ware- 
housing or for innumerable other 
uses, and which are ultimately, with 
or without alterations, fitted up with 
machinery and used for manufac- 
turing. 

Under the. best conditions, that is, 
where a building is constructed for 
a particular manufacturing problem 
or industry and the type of machin- 
ery which is to be installed is known, 
there are still many different types 
of building construction. One of 
the most common is the so-called mill 
construction type; other types are, 
brick buildings with wood interior, 
brick and steel buildings, concrete 
buildings, and some all-steel build- 
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ings with steel framework and sheet- 
metal walls, roofs, and partitions. 
Nearly all of these are built in multi- 
as well as single-story designs, ex- 
cept the brick and steel building 
with saw-tooth or monitor roof. 
Some multi-story buildings have 
saw-tooth or monitor roofs on the 
top floors. Single-story structures 
are practically always built for 
owner occupancy, irrespective of 
what type of construction is used, 
and so better plans can be made for 
the installation of the machinery. 
Multi-story buildings are frequently 
built for tenant occupancy, to be 
rented out to one or to a number of 
concerns for a variety of manufac- 
turing purposes. 


The loft buildings in the out- 
skirts or in industrial sections of 
large cities are typical of the type 
of building erected for renting to a 
number of concerns. In buildings 
of this type it is, of course, im- 
possible to know in advance what 
kind of equipment will be used by 
the different tenants, and even if it 
could be known in the case of the 
first tenant any provision which 
might be made for him would seldom 
be suitable for subsequent tenants 
in the same space. 

Many large firms in this country 
have made it a practice when build- 
ing warehouses, particularly in the 
large cities, to erect a factory-type 
building and make provisions for 
using it for manufacturing in the 
future. Experience has demon- 
strated that such forethought is 
necessary, as well as advantageous. 

All these different conditions and 
different types of buildings and the 
various kinds of equipment to go 
into them have made it very diffi- 
cult for the architect, the industrial 
or plant engineer, and last, but by 
not least in this instance, the mill- 
wright, to work along predetermined 
lines in providing. for the location 
and support of lineshafting and 
similar equipment. 


Fig. 3—Box rails are set both 
longitudinally and crosswise in the 
ceiling beams of this concrete fac- 
tory building. 

This shows the method of erecting 
a lineshaft by providing a cross 
stringer between two parallel rails 
and attaching the footings of the 
hangers to these. If the lineshaft 
had been extended crosswise in this 
room the construction shown in 
Fig. 20. could have been used. 
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Until recent years wood has been 
a popular material for making sup- 
ports in the form of footings, string- 
ers and for the framework and body 
of superstructures. In fact, in some 
parts of the country, timber has been 
used almost exclusively. Wood is 
adaptable for such purposes, but 
only to a limited degree, and it is not 
flexible nor interchangeable. It can 
be cut to desired lengths and widths, 
it can be notched and drilled to re- 
ceive bolts and lagscrews, but this 
is always a cyt-and-measure propo- 
sition, involving a certain amount of 
carpenter and millwright work. Al- 
though, when finished, the compo- 
nent parts may resolve themselves 
into a more or less practical and 
harmonious whole, the resultant 
truss or framework will be suited 
only to the particular position and 
installation for which it was fab- 
ricated. 

Rarely can the same layout be 
used to suit another condition; of 
course, the material itself can be 
recut and reformed and some of it 
used over again, but the framework 
for intermediate supports usually 
has to be redesigned for each par- 
ticular case. However, in spite of 
its main advantage, which is that it 
is comparatively easy to work, wood 
has a very distinct disadvantage in 
its susceptibility to changes in tem- 
perature and its inherent tendency 
to dry out which causes it to shrink, 
warp and twist constantly and some- 
times for many years after it has 
been installed. 

This characteristic is the chief 
cause of trouble where wood is used 
to support overhead equipment and 
is responsible for much of the con- 
sequent misalignment of lineshaft- 
ing and motors, which causes belting 
troubles and Bearing replacements 
all along the line down to the last 
production or operating unit. Wood 
which is suitable for this ground- 
work for shafting, is comparatively 
cheap, especially in certain geo- 
graphical locations, but the troubles 
so frequently caused by its shrink- 
ing often in the end offset the ap- 
parent saving in first cost. 


Fig. 4—Part of a lineshaft installa- 
tion in the Saco-Lowell Shops, Bos- 
ton, Mass. 

This photograph was retouched at 
the top to show the construction of 
the box rail in the ceiling and its 
reinforcing. These box rails are set 
in the concrete on fixed centers. The 
method of attaching the footings 
and groundwork for not only the 
lineshaft but additional counter- 
shafts and motor mountings is also 
shown. 
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When heavy loads and long spans 
have to be contended with, as for 


instance in brick and steel buildings 


where the bottom chords of the roof 
trusses are from 18 ft. to 24 ft. from 
center to center, timbers of large 
cross-section have to be used; such 
stringers are often 8-in. by 12-in., 
or even 10-in. by 14-in., and impose 
a serious additional load upon the 
roof trusses. It is because of the 
live load and the impact to which 
the lineshaft is subjected, as well 
as to minimize the deflection, that 
such heavy timbers have to be used. 
Because of their weight these mem- 
bers are much more costly than 
structural or other metal stringers 
and they cost more to handle as they 
require expensive rigging to erect. 

In many cases, as outlined above, 
wooden stringers are not always de- 
pendable even after they are in- 
stalled. The millwright is well 
aware of all these deficiencies, but 
is not always in a position to dic- 
tate the remedies. On a heavy head- 
shaft hanger or post hanger he will 
often put a square steel washer be- 


‘tween the hanger foot and the wood 


stringer. By this means he is en- 
deavoring to secure a firm, even base 
for his hanger foot to offset the 
effects of vibration and thereby 
maintain permanent alignment of 
his lineshaft and of all the other 
driven units which depend upon 
proper alignment for their satisfac- 
tory functioning. However, the use 
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of wood for such purposes, in a 
steel or concrete building, or in any 
kind of fireproof building, is de- 
cidedly inconsistent. 

Standard structural steel mem- 
bers and shapes have: been used 
very satisfactorily for constructing 
groundwork and as stringers for 
lineshafting. These are lighter 
than wood for large spans and they 
are susceptible to much greater flexi- 
bility of arrangement. However, 
structural steel is hard to cut, drill, 
and form in the field. Furthermore, 
standard structural steel shapes are 
not primarily designed for this 
purpose and as a natural conse- 
quence special fixtures become neces- 
sary and channels or I-beams have 
to be used, which in many instances, 
are heavier than necessary. This 
extra weight is an additional ex- 
pense, not only because it is paid for 
by the pound but also because of 
the extra labor in handling the 
heavier weights on the job. The cost 
of cartage and railroad transporta- 
tion is also on a weight basis. In 
addition, as when heavy wooden 
stringers are used, there is the extra 
deadweight load on the ceiling or 
roof trusses. 

Cutting, punching and the gen- 
eral fabrication of standard steel 
shapes is comparatively easy in steel 
mills or fabricating shops, but in 
order to have this work done there 
and to insure its fitting properly and 
matching up to the members to 


METHOD OF FASTENING STHINGCRS 
TO A REINFORCED CONCRETE CEILING 


Fig. 5—This composite drawing 
shows three methods of construc- 
tion for supporting lineshafts. 


The method of fastening stringers 
to a reinforced concrete ceiling 
with the box rail cast in the beam, 
the method of fastening to wooden 
beam ceilings, and also to steel 
I-beams are shown in this drawing. 
These steel stringers are especially 
designed for this work and are made 
in standard sizes for different load- 
ing. The stringers and shafting 
are erected and fastened together 
with standard attachments. 


which it has to be bolted in the 
building all dimensions and specifi- 
cations must be exact. This requires 
a lot of work in the drafting room 
and in many cases cannot be started 
with safety until the building, or at 
least the. steel framework, is fin- 
ished. The new factory may be 
miles from a machine shop or even 
a hardware store, and when mill- 
wrights at a wage rate of anywhere 
from $9 to $14 a day have to cut 
through steel I-beams with a hand 
hacksaw or cold chisel, or support a 
heavy electric or air drill on a pre- 
carious scaffold, sometimes in a cold, 
damp building, the progress of the 
work is likely to be slow; meanwhile 
helpers and others often stand 
around and wait. If the power or 


air supply for the drill were always 
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available, everybody would be happy; 
more often in the case of a new 
building, there is no current or air 
available either in the building or 
contiguous to it, and so the slow, 
old-fashioned method has to be pur- 
sued while somebody pays the 
modern up-to-date high rate of 
wages. 

In arranging for the location of 
power transmission lines and equip- 
ment, the customer will often place 
his pencil on the blueprint before 


Figs. 6A, 6B and 6C—These show 
two other types of construction and 
also a cross-section of this special 
stringer. 


In A is shown the method of in- 
stallation where the hangers are 
supported midway between and on 
a line with ceiling inserts. As these 
inserts are usually on a 4-ft. center 
spacing and lineshaft hangers are 
commonly spaced §8-ft. this con- 
struction is usually possible. C 
shows the use of a short stringer be- 
tween two wooden ceiling beams 
and the longer longitudinal string- 
ers which give rigidity to the con- 
struction and to which the hangers 
are attached. A cross-section of the 
stringer, together with the detail of 
sliding bolt, is shown in B. This 
consists of two special steel shapes, 
somewhat on the order of the letter 
Z, which are fastened together by 
steel cross braces placed at regular 
Standard bolts and at- 
permit these to be 
clamped easily to each other or to 
any other standard or special shape. 


intervals. 
tachments 
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him, and say, “We’ll just put our 
lineshaft here.” It is so easily and 
quickly said, but what a deal of work 
and even ingenuity are sometimes 
involved in planning, measuring up 
for it, and in its installation. All 
things considered, the installation of 
a lineshaft, which is really the prime 
mover, generally proves to be a man- 
sized job, especially under the old 
methods. 

A good, substantial, wooden build- 
ing with heavy beams and girders, 
and with broad trusses and columns 
of large sectional area, gives de- 
pendable supports for lineshaft 
hangers and largely simplifies the 
work of the millwright in erecting 
the lineshaft. The troubles inci- 
dental to drying out come later. 

In concrete buildings the indi- 
vidual concrete insert, which is set 
in place in the form and the concrete 
poured around it, is a great help for 
supporting equipment. These in- 
serts are usually dependable for 
ordinary lineshaft drives using 
shafting up to 1 15/16 in. in diam- 
eter. Such inserts are generally 
placed on 4-ft. centers, running in 
both directions. This saves much 
work in drilling holes for anchors 
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and patching them up again after 
the equipment is installed. Installa- 
tions using this type of construc- 
tion are shown as Figs. 1 and 9. 
Wood or steel stringers are sus— 
pended from two or more of these 
individual concrete inserts and line- 
shaft hangers or other overhead 
equipment attached to the stringers 
or footing pieces. 

By referring to these two illustra- 
tions it is easily seen how a lineshaft 
can be placed anywhere between two 
lines of inserts by shifting the 
hangers without changing the 
groundwork. To move a line of shaft- 
ing the entire construction can be 
taken down and erected again in the 
new location by attaching it to dif- 
ferent lines of inserts. This is of 
especial importance in manufactur- 
ing institutions because a change in 
product or a wide variation in the 
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Fig. 7—This sketch shows how a 
standard construction can be used 
for a special purpose. 


In this case it was necessary to 
attach a lineshaft to the top of a 
ceiling beam. To do this the same 
standard type of construction was 
used as would have been used if the 
attachment had been made on the 
bottom of the beam or if it had been 
made along an inside wall. This 
can be easily seen by turning the 
drawing over or revolving it 90 deg. 


„ „ „ „ 


Figs. 8 and 9— Here is a neat-ap- 
pearing method of mounting mo- 
tors and lineshafts. 


Fig. 8, at the left, shows the method 
of mounting 15 10-hp. motors in a 
line on the ceiling. The longitu- 
dinal stringers, that carry the 
short cross-footings to which the 
motors are attached, are clamped 
to the I-beam ceiling supports. 
This gives a simple construction 
which can be easily shifted to 
change the position of the motor 
or its arrangement. Fig. 9, right, 
shows another section of the in- 
stallation in one of the Chicago 
plants of the Continental Can Co. 
Here inserts were cast in the ceil- 
ing beam (some of these can be 
seen in the first ceiling beam) for 
supporting the lineshafting. 


i af roof truss | 
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quantity of production may require 
an extensive shifting of machine and 
lineshaft arrangement. This is more 
easily done if it is not necessary to 
again drill holes in the ceiling and 
refabricate the groundwork. With 
special steel stringers and inserts 
the shafts can be taken down and 
erected in the new location and fre- 
quently the same steel parts are re- 
used in the new groundwork. This 
ability to reuse the material with- 
out additional fabrication goes far 
toward overcoming any difference in 
first cost of such material when com- 
pared to wood. 

A much better way to provide for 
light, as well as heavy shafting, in 
a concrete building is to use the 
long, continuous type of box rail in- 
sert. These inserts are attached to 
the wooden forms, before the con- 
crete is poured, in the same manner 
as are the small individual inserts, 
but as they come in lengths of 5 to 
20 ft., and may be obtained longer if 
necessary, they are much easier to 
handle, are less trouble to place, can- 
not be knocked over by the concrete 
when it is poured and, on account of 
their long length, insure proper 
alignment. When the concrete forms 
or molds are removed, a surface slot 
of steel is left in the concrete slab, 
the beams or the girders. 

Figs. 2 to 5, inclusive, show dia- 
grams of box rails as they were 
placed in the ceiling of two large 
plants, together with the method of 
attaching lineshafting and other 
power transmission appliances to 
them. As will be noted from these 
illustrations, the hollow steel box 
rail is cast in place and the surface 
slot which is flush with the concrete, 
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is immediately available for the at- 
tachment of the groundwork for line- 
shaft or other hangers. The box 
rail can be just as easily installed 
under or below the surface of the 
concrete, Fig. 11, if desired, so that 
the slot is still available without the 
rail being in evidence. 

The installation of box rails does 
not weaken the concrete slab or 
member in any way but on the con- 
trary acts as a reinforcing rod; as 
the box rail has a greater cross- 
sectional area than a bar 1 in. 
square, for instance, considerable 
additional reinforcement is provided. 
This continuous type of insert can 
be, and frequently is, laid horizon- 
tally or vertically in the walls as 
well as in the ceiling of concrete 
structures. Also, some large auto- 
mobile plants have used them in the 
concrete floors for holding motors 
and for floor stands for lineshafts as 
well as for machines and other 
equipment. Incidentally the box 
rails are used in brick work as well 
as in concrete. 

In developing the Midwest univer- 
sal system for supporting overhead 
mechanical equipment it became in- 
creasingly obvious as the work pro- 
gressed that it would be as necessary 
to provide for changes in equipment 
location as to work out the “where 
and how” of originally installing it. 
Complete changes in production proc- 
esses and other radical departures 
from the regular order of work 


Fig. 10—Standard 10-in. channels 
in pairs are used as stringers. 


The illustration shows a section of 
the repair and maintenance shops of 
the Interborough Rapid Transit Co., 
New York City. Standard 10-in. 
channels, braced together in pairs. 
are clipped to the ceiling beams and 
are used as stringers for supporting 
the 300-ft. lineshaft. - The feet of 
the hangers are attached to short 
cross-stringers as shown. This en- 
tire structure was fabricated in 
sections and erected by bolting to- 
gether and to the ceiling I-beams 
with standard bolts, clips and 
clamps and can be moved and re- 
erected easily. 
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occur in the plant occasionally on 
account of taking on a different 
product. The resultant modifica- 
tions in the nature of the operations 
may make it necessary to equip, at 
least in some departments, with en- 
tirely different kinds of production 
These and other difficulties 
were taken into account in the de- 
velopment of special steel stringers. 

These stringers can be used for 
supporting any kind of lineshaft in 
any kind of factory building. A few 
interchangeable clips provide for at- 
taching the stringers to all types of 
structural steel members, and to 
wood or concrete ceilings or side 
walls where individual inserts or box 
rails have been provided. No drilling 
of holes in the stringers is neces- 
sary; they are merely clipped into 
place with standard square- or hexa- 
gonal-head bolts. Special tools or 
fixtures are not necessary; an or- 
dinary wrench is used for tightening 
the nuts on the bolts. 

If changes become necessary for 
alignment, repositioning or moving 
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Fig. 11—Box rails may be set 
either flush with the beam or slab 
or imbedded 1 ½ in. in the concrete. 


For simple imbedded rails the illus- 
tration at the left shows how the 
box rail is protected from fllling 
during the pouring of the concrete. 
After the wooden form is removed 
the arrangement is as shown in the 
center illustration. For complete 
fire protection and where it is de- 
sirable to protect the box rails 
from fumes, the construction may 
be as shown at the right. In this 
case the box rail is supported away 
from the bottom of the form and 
the continuous slot in the bottom 
flange of the box rail is covered 
with a strip of roofing felt or felt 
paper, as shown at d, stuck on 
with roofing pitch or held on by 
wire. To use this box rail, holes 
may be cut or drilled into the con- 
crete at the point where it is desired 
to place the bolt for attaching 
stringers or other equipment. After 
the bolts are placed and adjusted in 
the correct position the openings 
are filled with cement grout and 
thus sealed. 


the stringer to a different location 
the nuts are loosened and the string- 
ers tapped over or completely shifted 
several feet. By means of the slid- 
ing bolt seat the shaft hangers or 
other equipment can be moved the 
full length of the stringer without 
encountering any obstructions. Ad- 
vantage can be taken of this feature 
to facilitate tightening slack belts 
from lineshafts to countershafts and 
so eliminating the necessity for 
cutting and relacing. 

Fig. 5 is a composite diagram 
showing how standard steel string- 
ers may be attached to wood, con- 
crete and steel construction build- 
ings. The clips and clamps used are 
of standard construction and may 
be purchased with the stringer. 
Figs. 3, 4, 6A and 9, show applica- 
tions of steel stringers on concrete 
flat slab and on concrete beam and 
girder buildings. When the stringers 
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are used on wooden beams or trusses, 
Fig. 6C, lagscrews are used. 

Steel stringers can be easily 
clipped together at right angles to 
each other, as shown in Figs. 5 and 
6C. This adds greatly to the flexi- 
bility of the system and is especially 
handy where top stringers are used 
as groundwork and where odd-sized 
hangers are used, or where motors 
of different sizes are installed. 

To take advantage of all available 
headroom a lineshaft is sometimes 
placed on top instead of on the bot- 
tom of the roof beams, as shown in 
Fig. 7. This illustration is from a 
drawing of an actual installation. 
If the drawing is turned upside 
down, which would be the same as 
mounting the equipment on the bot- 
tom of the stringer, the relation of 
the stringers and all fastening parts 
would be the same for the reversed 
installation. If the drawing or in- 
stallation is turned 90 deg. the 
relation of all parts would still be 
the same; such an installation as this 
occurs where the lineshaft is erected 
on columns down the center or along 
the side wall of the building. 

Part of an installation of electric 
motors mounted overhead on the 
steel ceiling beams in one of the 
large yarn mills of Wm. Crabtree & 
Sons, Newburgh, N. Y., is shown in 
Fig. 8. The use of steel stringers 
makes a neat-appearing installation. 
Steel stringers like these are used 
for all lineshafting construction 
throughout this Company’s plants. 

The method of supporting line- 
shafts at the plants of the Conti- 


Fig. 12—One method of attaching a 
stringer to a standard I-heam. The 
hangers are then attached to the 
stringer. 


nental Can Co., Chicago, III., is 
shown in Figs. 1 and 9. Box rails 
and steel stringers are also used in 
these plants for supporting conveyor 
systems on à large scale, Fig. 14. 
Fig. 10 shows an installation of 
steel stringers in the maintenance 
and repair shops of the Interborough 
Rapid Transit Co., which operates 
the subway system in New York 
City. Railroad repair shops require, 
mostly, heavy-duty machine tools of 
greatly diversified character. Work 
is on a close schedule and usually on 
a 24-hr. basis. Here the bottom of 
the roof beams is 18 ft. above the 
floor. There is an exceptionally long 
span between the beams. Large 
diameter lineshafts 300 ft. long, 
which are paralleled by shorter 
shafts and lines of jack- and counter- 


ae „ shafts as shown in this illustration, 


Fig. 13— These diagrams show the 
method of setting the box rail 
around the reinforcing in concrete 
slab and beam construction. 


are practically duplicated on the 
right of the telpher monorail track 
extending overhead down the center 
of this section of the shops. In this 
construction commercial 10-in. chan- 
nels are used for the stringers and 
special steel footings for the hangers 
are fastened by special attachments. 
The channels were fabricated and 
riveted in sections at the steel works 
and attached to the frame of the 
building by clips. It is interesting 
to note that in this entire installa- 
tion, Fig. 10, the groundwork with 
every piece of apparatus attached 
to it, was completely erected without 
the drilling of a single hole while it 
was being erected. Also, this in- 
stallation could be re-erected in any 
other part of these shops, covering 
several acres, without refabrication. 
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Flexibility of arrangement was 
paramount in this installation. 

To the man responsible for the 
supervision of the installation of 
lineshafts perhaps one of the most 
important points to consider is the 
necessity of planning ahead on how 
this can be done on future additions 
to the plant, particularly if the plant 
is of concrete construction. It is 
futile to attempt to determine where 
the shaft is to be and to set two 
rows of box rails or a few inserts 
and expect to fasten the hangers to 
them. In all likelihood by the time 
the plant is built the plans will have 
changed so that the inserts will be 
far enough out of the necessary posi- 
tion so that they cannot be used. 
The only practical plan is to set box 
rails or inserts in the concrete on 
standard centers or at specified dis- 
tances apart so that they may be 
used wherever it is desired to put 
the shaft in the first place or to 
remount it when necessary to move 
it. One Chicago plant for instance 
has inserts cast in the ceiling on 4-ft. 
centers each way. It is a very simple 
matter to erect or shift a lineshaft 
and the same material is used over 
again on the new job without any 
cutting or fitting. 

Some of the methods of inserting 
box rails in the ceiligg are shown in 
Figs. 11 and 13 and a more detailed 
description of their use given in the 
caption accompanying the illustra- 
tions. The concrete is poured around 
the box rail and it becomes a part 
of the reinforcement of the building. 
Box rails are also set in the walls 
to carry radiators, pipe and conduit 
lines, and support motors or ma- 
chinery mounted on the walls. 


Fig. 14—Conveyors are also sup- 
ported from the box rails and ceil- 
ing inserts. 
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ALTHOUGH equalizing connections 
are not always necessary and many 
machines work well without them, 
they add a factor of safety which can 
be secured at small cost. These con- 
nections are mostly used on large ma- 
chines with lap-wound armatures or 
with wave windings having more than 
two circuits. In this article some prac- 
tical pointers regarding their use and 


application are given to help the main- 
from them the 
results that are possible. 
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Cross or Equalizer Con- 
nections on Lap Windings 


together with practical rules governing the applica- 
tion of these connections, and a description of the 
different ways in which they can be arranged 


By A. C. ROE 


Renewal Parts Engineering Dept., Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 
D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


N THIS article a brief explana- 
I tion of the reasons for employing 

equalizer or cross connections on 
lap windings is given, with the 
necessary rules and methods for 
making use of such connections so 
that the shop man will know how 
to proceed to check up a rewinding 
job on which they are used. 

In a motor or generator, the arma- 
ture is concentric with the field 
poles; that is, the air gap is equal 
under each pole. Also the mag- 
netic density is supposed to be the 
same under each pole. This may not 
always be the case, due to the in- 


equality of materials used, and the 


armature may be out of alignment 


due to bearing wear or other causes. 

This will allow one side of the 
armature to rotate in a stronger field 
and without cross connections, the 
above conditions will cause a current 
to flow between brushes of like polar- 
ity. In other words a circulating 
current will be set up in thé wind- 
ings and this current may increase 
to such magnitude as to damage the 
machine. 

These circulating currents have 
the same effect as though two gen- 
erators were mounted on a common 
shaft, and the potential of one raised 
above that of the other. Then, the 
machine having the higher voltage 
will act as a generator, while the 
other will act as a motor. This will 
cause dangerous sparking and burn- 
ing of the brushes and also cause 
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Fig. 1—This illustration shows a 
common type of cross connection 
consisting of one-turn open strap 
copper coils which are placed in 
two layers at rear of commutator. 


heating, thus decreasing the ca- 


pacity. 

There is also the possibility of the 
winding being damaged by these 
currents. However, when points of 
equal potential are connected to- 
gether, the currents that flow 
through these cross connections in 
cases where the armature gets out 
of alignment are alternating in 
character, and are either leading or 
lagging in reference to their re- 
spective electromotive force. These 
cross connections direct the flow of 
the current so that they magnetize 
or demagnetize the field and auto- 
matically produce a balance. 

This balancing of the magnetic 
circuits by cross or equalizer con- 
nections is also helpful in preventing 
any unbalanced magnetic side pull 
on the armature, should it get out 
of center due to bearing wear. This 
side pull on large, lap-wound ma- 
chines that are off center only a 
small fraction of an inch, may 
amount to 5 or 6 tons and cause 
heating, rapid wear of bearings and 
excessive stresses on the shaft. 
This trouble cannot occur on cross- 
connected machines, for the reasons 
explained above. 

Cross connections are not used on 
wave windings since the series of 
coils tends tq automatically balance 
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or average any lack of uniformity 
between different poles. 

Cross connections should connect 
together points on the armature that 
are of equal potential and like po- 
larity; that is points 180 deg. apart 
on four-pole machines, 120 deg. 
apart on six poles, 90 deg. apart on 
eight poles, or 360 deg. divided by 
the number of pairs of poles for 
any number of poles. From the 
above it follows that there will be 
two equal potential points on a four- 
pole winding, three on a six-pole, 
four on an eight-pole, etc., or that 
there will be as many points as pairs 
of poles, and that the method used 
to connect these points must form a 
separate circuit or ring. There can 
be as many of these circuits as there 
are bars, but the most common 
method is to provide about 30 per 
cent equalization; that is, one-third 
as many rings as bars, the cross- 
section of the cross connection being 
50 per cent of the armature con- 
ductor cross-section. 

These cross connections are ar- 
ranged on an armature in a number 
of different ways. Fig. 1 shows one 
common method, which consists of 
a two-layer, one-turn open strap 
copper coil winding, placed at the 
rear of the commutator. 

As a general rule three or more 
straps are tapped together to form a 
winding unit and with this method 
100 or 50 per cent equalization is 
generally used. The spacing is 
l-and-2 or l-and-3. With this type 
of connection each bar that is tapped 
has two connections to it; that is, 
a top and bottom equalizer lead. 
The distance in bars between top 
and bottom leads of any one cross 
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Fig 3—Here is another type of 
cross connection consisting of a 
number of rings of flexible cable 
tapped at proper points and with 
flexible leads brought out to the 
commutator bar necks. 


connection is equal to the total 
number of bars divided by the pairs 
of poles. The disadvantage of this 
type of cross connections is that they 
are under the winding leads and 
hard to get at when it becomes 
necessary to make repairs. 

Another type of cross connection 
placed at the rear of the commutator 
is shown in Fig. 2. This consists 
of S-shaped conductors nested to- 
gether to form a two-layer winding, 
the equalizer bars having two taps 
made to it as shown in Fig. 2. The 


Fig. 2—This type of cross connec- 
tion consists of S-shaped conduc- 
tors nested together to form a two- 
layer winding with equalizer bars 
having two taps made to it. 
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data for Fig. 2 are, 41 cross con- 
nections, 126 bars, 6 poles; the con- 
nector pitch is 126—3= 42, or 
l-and-48. The spacing is 126 — 42 
= 8, or l-and-4. 

Another type of cross connection 
used behind the commutator is 
shown in Fig. 3. This consists of 
a number of rings of flexible cable 
tapped at the proper points and 
flexible leads brought out to the com- 
mutator bar necks, as shown. 

Another style of equalizer connec- 
tion consists of a number of com- 
plete rings at the rear of the arma- 
ture with taps taken off each ring at 
equidistant points. This type is 
shown in Fig. 4. The winding shown 
has seven rings, with seven taps to 
each ring, as the armature belongs 
to a 14-pole machine. There are 
7<7—49 taps in all. 

A type of equalizer connection 
used in small machines is shown in 
Fig. 5. This consists of a number 
of small rings with taps of thin 
strip copper. Each ring is insu- 
lated and assembled, one inside the 
other, and the whole bound together 
and connected to the winding when 
the latter is in place. | 

The latest type of cross connector 
is shown in Fig. 6, A and B. This 
consists of a number of S-shaped 
conductors, nested together to form 
a two-layer winding but placed at 
the rear of the winding where it is 
easily accessible. In Fig. 6A note 
the heavy supporting rings, and the 
method of tying the connectors to 
this ring. With this type a special 
loop is made at the rear end of the 
tap coil and this loop is drilled to 
receive one or two rivets. The con- 
nectors are fastened with rivets and 
then soldered, making a good sub- 
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Fig. 4—In this arrangement of 
equalizer connections there are a 
number of complete rings at the 
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be equal to one ring for each pair of 
poles; that is, there will be two 
rings for a four-pole machine, three 
for a six-pole, four for an eight- 
pole, etc., and the least number of 
taps per ring will also be equal to 
one-half the total number of poles. 
The maximum number of rings 
would be equal to the number of 
bars or single coils divided by the 
number of poles. 

The number of rings times the 
number of taps per ring (RX T) 
determines the spacing. The num- 
ber of bars (RX T) must be a 
whole number for the number of 
rings selected to wind. 

For example, consider a 14-pole 
machine with 224 bars, 112 slots, 2 
coils per cell. Then the pairs of poles 
equal 7, the least number of rings 
also equals 7, and the taps per ring 


back of the armature with taps 
taken off each ring at points spaced 
equal distances apart. Fig. 7—This photograph shows an 
equalizer connection that forms a 
two-layer winding at the rear, the 


connectors being involute-shaped. 


stantial construction. In Fig. 7 are 
shown equalizer connectors that form 
a two-layer winding at the rear, the 
connectors being involute-shaped. 

In what follows some winding 
rules are given for applying equal- 
izer or cross connectors. 

Consider the ring type first, and 
refer to Figs. 3, 4 and 5. As stated 
before, points on the commutator or 
winding that are (No. bars — pairs 
of poles) apart should be con- 
nected together. It follows then 
that the least number or rings will 
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Fig. 5—In small machines equal- 
izer connections are used that con- 
sist of a number of small rings 
with taps of thin strip copper. 


Each ring is insulated and assem- 
bled one inside the other and the 
whole group bound together and 
connected to the winding when the 
latter is in place. 


equal 7. The total number of taps 
(RXT) equals 7X7, or 49, and the 
spacing is 224—49—4 4/7 which 
gives an unequal spacing that will 
not wind. Next, find the least com- 
mon multiple of 224 using the 
number of taps per ring as the first 
factor, or 224 7 = 32. By divid- 
ing this answer by the largest pos- 
sible divisor, we find the smallest 
number of rings that will wind, or 
32 - 8—4. Trying eight rings, 


Fig. 6— This is a modern type of 
eross connection. 


It consists of a number of S-shaped 
conductors nested together to form 
a two-layer winding and placed at 
the rear of the winding. In A note 
the heavy supporting rings and the 
method of tying the connectors to 
the rings. 
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for this 6-peole machine with 36 commu tator bars, 
Connector ich- == or / and 13 
Per cent of cross connection with different 
spacings 
land 2= 100% cross connection 
12 3 50 To n af 
17» 4 337% un ” 
1 * 5 = 2 % * n 
1” 7° 6§% » ” 
Fig. 8—This diagram shows a way 
of determining the number of con- 
nectors that can be used with any 
winding by proper spacing. 
Three equalizers are shown for a 
two-layer type of cross connection, 


these equalizers being connected to 
bars 1, 18 and 25. 


(RXT) equals 8 X 7 = 56, and 
224 — 56 = 4, or the spacing will be 
l-and-5. The pitch between taps on 
each ring will be 224—7=32. 

We can now lay out the ring data 
as follows: Ring No. 1 will connect 
with bars 1, 33, 65, 97, 129, 161, 193, 
or starting with bar 1, we add the 
top pitch until a number of points 
equal to the number of pairs of poles 
per ring are tabulated. To check 
each ring add one more pole. pair 
pitch, which should give the bar 
number that the series of ring taps 
started on, or 193 plus 32 equals 225 
or bar 1. The spacing is 4, or 
l-and-5; therefore, the first tap to 
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ring 2 will start at bar 1 plus 4 
equals bar 5. The other taps will 
be on bars 5, 87, 69, 101, 188, 165, 
198, and ring 8 will start at bar 5 
plus 4 or 9 and connect to bars 41, 78, 
105, 187, 169,197. Ring 4 will connect 
to bars 13, 45, 77, 109, 141, 178, 


201 and ring 5 to bars 17, 49, 81, 


118, 145, 177, 205, etc. 

With the two-layer type of cross 
connector, the spacing also deter- 
mines the number of connectors that 
can be used with any given winding. 

For example, consider Fig. 8 
which shows a 36-bar commutator 
for a six-pole machine. The equalizer 
pitch will be 36—3=12, or 1- 
and-13. Three equalizers are shown 
connecting bars 1, 18, 25, which 
is practically a three-tap ring, ex- 
cept that each circuit or ring con- 
sists of three parts; that is three 
“S” or involute-shaped end con- 
nectors, arranged in two layers. 
The dotted lines indicate the bot- 
tom part of the connector and 
the full lines the top part. Now 
100 per cent equalization would 
mean 36 connectors and 50 per cent 


cross connection would require 
0.5 X 36 = 18 connectors. The spac- 
ing would be 36 18 2 2, or 


1-and-3, as indicated by the dots and 
small figures in Fig. 8. The figure 
1 at the front of bars 8, 15, 27, 
indicates that the second series of 
connectors touch these bars. There 
is also a spacing of I-and-4, l-and-5, 
and l-and-7 giving 33 1/3, 25 and 
16 2/3 per cent cross connection. 


Precautions to Take Against Freezing of 
Fire Extinguishing Appliances 


NLESS extreme vigilance is 

exercised the very best instal- 
lation of fire appliances may suffer 
temporary disablement from frost. 
Automatic sprinkler systems, hy- 
drants and all appliances using 
water for fire extinguishment nat- 
urally require special care and 
attention in winter. The following 
precautions, which are given by the 
National Fire Protection Associa- 
tion, Boston, Mass., should be taken, 
and thorough inspections made, with 
nothing taken for granted: 


See that all portions of buildings 
are properly heated to at least 40 deg. 
F. at all times to prevent freezing in 
any of the sprinkler pipes, particular 
attention being given to exposed places 
such as hallways, entries, stair towers, 
elevator shafts, shipping rooms, attics, 


roof monitors and skylights, and spaces 
between ground and first floor and un- 
der sidewalks. Examine tanks and all 
pipes, fittings and valves, whether for 
steam heating, general water service, 
or fire protection. Besides seeing that 
tank heaters are in proper order it is 
important to make certain that tney 
are of adequate capacity for the tanks 
they serve. Examine carefully and 
provide suitable boxing around any 
pipe lines which may be in exposed 
locations such as either between ground 
and first floor, between buildings, or 
near windows, and so on. Make fre- 
quent tests during the winter in order 
to make sure the piping is free from 
frost. 

Where water barrels, pails, or hand 
pump extinguishers are located in 
rooms subject to freezing temperatures, 
use calcium chloride to lower the freez- 
ing point of their contents. The accom- 
panying table shows approximately the 


temperatures at which water will freeze 
when calcium chloride (commercial, 
75 per cent) is added in the proportions 
shown to depress the freezing point: 


Quantities Used to Make 214 Gal. 


Anti-Freezing Solution 


Freezing Calcium 


Temp. Water Chloride Specific Deg. 


Deg. F. Gal. Lb. Oz. Gravity Baume 
+10 2% 5 as 1.139 17.7 
zero 2% 6 4 1.175 21.6 
—10 2 7 6 1.205 24.7 
—20 2 8 6 1.228 26.9 
— 30 2 9 2 1.246 28.6 
—40 2 10 z 1.263 30.2 


The strength of the solution obtained 
may be tested by using a hydrometer 
to determine the specific gravity. About 
a tablespoonful of lime added to each 
pail will prevent acidity and consequent 
corrosion. The inside of all containers 
to be used for calcium chloride solu- 
tion should be coated with asphaltum 
paint. | 

Calcium chloride is recommended in 
place of common salt because the 
latter will always rust metals. In an 
emergency, common salt (not rock salt) 
may be used when the solution is kept 
in wooden casks and where tempera- 
tures lower than zero F. will not be 
encountered. Two and three-quarters 
pounds of salt to each gallon of water 
should be used, producing a solution 
having a specific gravity of 1.205. 

Anti-freeze extinguishers normally 
employing solutions which will with- 
stand temperatures as low as 40 deg. 
below zero require no special attention 
in cold weather. When extinguishers 
are not of the anti-freeze type (i.e. 
are either of the soda acid or foam 
type) the following precautions should 
be observed. See that no extinguish- 
ers of these types are exposed to tem- 
peratures lower than 40 deg. F. Di- 
luted sulphuric acid may freeze at a 
higher temperature than water; at 
from 36 to 38 deg. F. there is likely 
to be material precipitation in the soda 
solution. The freezing point of the 
soda solution is practically the same as 
that of pure water. 

Absolutely prohibit the addition of 
“non-freezing” compounds of any char- 
acter to the contents of these extin- 
guishers. Extinguishers have fre- 
quently been rendered inoperative by 
this means, and fatalities are on record, 
due to bursting of extinguishers as a 
result of corrosion induced by such 
treatment. The addition of salt or 
calcium chloride to the soda solution 
causes chemical changes which defeat 
the essential principle of operation of 
these appliances. 

To thaw water pipes that have be- 
come frozen, wrap the frozen section 
with cotton cloth and pour hot water 
upon it until the ice in the pipe gives 
way. Rags on the floor at the base 
or under the pipe will absorb the waste 
water. Good results have also been 
secured by use of electricity where 
proper apparatus was available. A 
burning match, torch or open flame of 
any description should never be em- 
ployed to thaw pipes. To wrap the 
pipes with oil-soaked rags and set 
them on fire is worse than folly; it is 
incendiarism. 
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Best Wishes for a Happy New Year to 
All of Our Friends 


URING the past year 558 contributions from 243 

readers have been published in the pages of 
INDUSTRIAL ENGINEER. In addition, many other 
readers have made suggestions and comments which 
have been very helpful. 

The Editors of INDUSTRIAL ENGINEER take this 
opportunity of thanking those who have thus co-operated 
with them in these and other ways that are highly 
appreciated, and extend to all of our readers and 
friends, everywhere, the most sincere good wishes for 
a Happy and Prosperous New Year. 


Why Not Take the Shackles Off the 
Squirrel-Cage Motor? 


LTHOUGH the squirrel-cage induction motor is 
now widely employed, there are certain hindrances 
in the way of its fullest use. Principal among these 
are the limitations imposed by many power companies 
in regard to the size that can be connected to their 
lines. While there were good reasons ten or more years 
ago for setting up rules governing the maximum size 
of squirrel-cage motors permitted on a power distribu- 
tion circuit, with slip-ring motors required above that 
rating, no such conditions exist today and limitations 
of a bygone day are now out of step with the progress 
of the electrical art, particularly in the improvements 
in motor starting and control devices. 

Realizing that that there would be a constant increase 
in the size of squirrel-cage motors used, the electrical 
control manufacturers long ago set out to devise ways 
and means to apply this type in its larger ratings so 
as to overcome the objections offered largely by the 
power companies. Remarkable results have been 
accomplished through the automatic operation of 
squirrel-cage motor starters, but still the power com- 
panies show little interest in changing the old rules 
dealing with current values when starting such motors. 

There is no question that this indifferent attitude 
is holding back progress in the application of electric 
power and it will continue to do so until antiquated 
starting rulings are changed. Today it is a well- 
recognized engineering fact that line disturbance when 
starting induction motors is caused not so much by 
the amount of current drawn from the line as by the 
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suddenness of drawing this current. Any rules that 
specify the amount of current that can be drawn dur- 
ing the starting period without specifying the time ele- 
ment in connection therewith are not only unfair to the 
squirrel-cage motor but plainly indicate that their 
sponsors are not keeping up to date on motor and elec- 
tric control engineering. Moreover, this indifference 
on the part of power companies is penalizing an elec- 
trical application that has been and always will be the 
greatest factor in building up a station load; namely, 
motors in the larger sizes. 

The squirrel-cage induction motor is, when properly 
loaded, an ideal type for general purpose application, 
because of its simplicity and reliability, and if power 
company rules stand in the way of its possible use some 
method should be adopted to remove the rule, rather 
than to remove the motor or bar its installation. Indus- 
trial plant operators and managers can do much by col- 
lecting graphic voltage and current records of squirrel- 
cage motor performance and discussing these with the 
managers and engineers of local power companies, and 
by bringing the matter up for discussion in the meet- 
ings of local engineering societies. If such action fails 
of success, this is a suitable subject to bring before 
state regulating commissions having jurisdiction over 
the service furnished to the public by electric light and 
power utilities. Certain it is that a ruling that forces 
the use of slip-ring motors when squirrel-cage motors 
could be used at a lower cost and provide a suitable ap- 
plication from an engineering and operating standpoint 
are unjust and arbitrary and need relief. Concerted 
action on the part of the user, based on sound engineer- 
ing, will bring about relief. 


High Voltage and Dirty Insulation Are a 
Dangerous Combination 


FTENTIMES it is the overlooking of little things 
in plant maintenance that causes long delays in 
production. For example, a flashover recently occurred 
on the slip rings of a 2,000-hp., 2,200-volt wound-rotor, 
induction motor forming part of a variable-speed drive 
in a steel mill. The slip rings were apparently in good 
condition, but on again applying power to the motor a 
second flashover occurred. 
The secondary voltage across the slip rings at the 
instant of starting is around 1,100 volts. Knowing this, 
the electrical superintendent thought the insulation 


around the rings might be dirty. So the rings were 


blown out with compressed air and another unsuccess- 
ful attempt made at starting. Then various other ex- 
pedients were tried, such as putting in asbestos bar- 
riers between the rings, all of which failed. 

Meanwhile the entire mill was down for nearly three 
hours, causing a serious interruption to production. As 
a last expedient the troublesome motor was switched 
to the spare bus in the power house. A separate gen- 
erator was used to bring up the voltage gradually on 
this bus and the motor connected to it. In this manner 
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the motor was brought up to speed without trouble. 

The following Sunday, the slip ring insulation was 
thoroughly scraped and cleaned off, after which it was 
painted with clear insulating varnish. The trouble did 
not recur, thereby proving that dirty, carbon-covered, 
slip ring insulation was the cause of the trouble. 

A little cleaning and painting of the insulation of all 
high-voltage parts will go a long way towards cutting 
down many of those hard-to-find troubles that run up 
into long delays. 


Low Price Will Not Compensate for 
High Operating Cost 


HE question, What Comes After the Purchase 

Price?“ which an automobile manufacturer re— 
cently used in advertising his car, applies just as well 
to the purchase of any piece of equipment or supplies 
used in the operating department of an industrial plant. 
An automobile purchaser looks into the reputation of 
the car he buys, because he desires to be sure that 
it will take him where he wants to go, bring him back, 
have low operating cost, and stay out of the repair 
shop. The industrial executive also expects reliability 
and low operating and maintenance cost of the equip- 
ment he buys, whether the service demands operation 
for 10 hr. or 24 hr. a day. 

Operating men who look only at first cost and dis- 
regard what may come after usually find that, if they 
keep accurate records, the after-cost of maintenance 
over a reasonable period added to the first cost, often 
exceeds that of the highest-priced piece of similar 
equipment on the market. 

The cost of production delays, with their interfer- 
ence to output and the expense of idle men is an addi- 
tional expense which should be, but seldom is, charged 
directly as a part of the cost of the machine. 


— — 


Examine the Fuse Clips Before You 
Blame the Fuse 


HE necessity of having as perfect a contact as 
possible between fuses and their supporting clips 


is so obvious as to admit of no argument. Nevertheless 


in many cases little attention is paid to this point, 
with the result that a good deal of trouble is experi- 
enced, for which the fuse is unjustly blamed. 

As a case in point, when a new installation of 
440-volt panel and control boards was put in service 
some time ago serious trouble from blowing of fuses 
developed at once. In addition, some of the fuse blocks 
and cables became so hot that several slate panels were 
cracked. Overloads were first blamed for the trouble, 
but careful checking showed that the loads carried on 
the various boards were not excessive. What was con- 
sidered to be a thoroughgoing investigation of the 
whole installation failed to show the cause of the 
trouble. In the meantime fuses kept on blowing. 

Eventually it occurred to someone to check up the 


fuse clips. 


ı INDUSTRIAL ENGINEER 31 


Then it was found that the area of con- 
tact between the fuses and clips was not sufficient to 
carry the load current without heating, which resulted 
in the fuses being heated far above the normal working 
temperature. When sufficient contact area was pro- 
vided there was no further trouble. 

Blowing of a fuse ordinarily creates an emergency 
condition which must be met as soon as possible by 
putting in a new fuse. Under the circumstances it 
is easy to overlook the fuse clips. If they do not 
make a firm, low-resistance contact, trouble is almost 
certain to develop sooner or later. It is inconsistent, 
to say the least, to solder or firmly bolt all other 
connections in an electrical circuit and then leave the 
contacts at the fuses to chance. 

A few minutes spent in checking up the condition 
of fuse clips, cleaning and tightening them when neces- 
sary, will save much unnecessary trouble and expense. 


Take an Inventory of Equipment That 
You Need But Do Not Have 


T THIS time of the year it is the practice in many 
plants to take an inventory of all equipment and 
material on hand. For business reasons this is neces- 
sary and serves a useful purpose. However, an inven- 
tory of the equipment that you need but do not have 
may show how maintenance and repair costs could be 
materially reduced. 

Probably on more than one occasion during the past 
year precious time has been lost in an emergency 
because some tool or piece of equipment that could 
have been used to good advantage was not available. 

Likewise, memory may recall one or more instances 
where breakdowns of important production equipment 
could have been foreseen and prevented if the proper 
testing equipment had been available and consistently 
used. Again, a few hours spent in watching your men 
at work may serve to show where up-to-date coil making 
and baking equipment could replace hand work and 
clumsy makeshifts at a saving in time and labor; or 
where an electric drill or hammer could save hours 
of hard work; or where a few indicating and graphic 
instruments would take the guesswork out of load 
surveys and the selection of motors and other equip- 
ment; and so on through the manv and varied activities 
of operating and maintenance work. 

It is a mistake to think that there is any real 
economy in doing by hand work that could be done 
by machine, or in using inefficient makeshifts, or in 
simply getting along without equipment that is needed. 
Under present conditions, in a modern, growing plant, 
good testing and repair equipment will, when properly 
used, pay for itself within a reasonable period. 

If there is any doubt on this point, put down opposite 
the price of each piece of equipment that you need 
but do not have, what the lack of it has cost during 
the past two or three years, in hand labor and produc- 
tion delays. The result may surprise you. 
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Who Can Answer 
These? 


Selecting Belts for Oily Work.—We 
have had considerable trouble with 
the drives in the screw machine de- 
partment of our plant due to the belts 
getting soaked with oil. We have 
been using leather belts. I would 
like to know whether there is any 
treatment I can give these belts to 
make them oilproof or if there is any 
belt which is not affected by the oil. 
Also, how do other men with a simi- 
lar problem remove the oil from the 
used belts and put them in condition 
for service again? 

Chicago, III. G. F. H. 


Cleaning Wire-Mesh Carbon Brushes 
What is the best way of cleaning wire- 
mesh, carbon brushes that are heavily 
coated with carbon dust and dirt? 
Scraping with a knife is slow and not 
entirely satisfactory. Is there some 
solution that could be used to clean 
them? These brushes are used on an 
old plating generator that is subjected 
to frequent overloads and the commu- 
tator is slightly grooved: so there is 
considerable sparking. he commu- 
tator has been turned down about as 
much as it can be and as the gener- 
ator will be replaced before long we 
do not want to put on a new com- 
mutator. However, I must keep the 
generator in as good condition as 

ssible until it is replaced. 
flwaukee, Wis. A. J. K. 


Laying Out Electric Repair Shop for 
Steel Plant.— We are planning to build 
a new shop for doing our electric re- 
pair work. This shop will handle the 
necessary repairs on motors and con- 
trol in a steel plant having about 1,000 
modern motors both a c. and d. c. 
During normal operation 14 men are 
required in the shop. Naturally the 
shop will have a coil-winding section; 
so provision must be made for winding 
equipment and supplies. In addition 
there will be a lathe, insulation cut- 
ting shear, baking oven, armature 
press, test rack and other shop equip- 
ment. I would like to obtain the views 
of readers as to what would be the 
most practical layout of a repair shop 
for this class of work. Possibly they 
have found certain arrangements of 
repair shop equipment that have pro- 
duced money-saving results. 

Indiana Harbor, Ind. A. R. D. 


Reducing Motor Hum on Large Ven- 
tilating Fans.—In the operation of in- 
duction motors the lower the speed 
the greater the motor hum. In some 
cases however, it is necessary to use 
low-speed induction motors on ven- 
tllating fans and in this case excessive 
motor hum is objectionable since it 
is transmitted through the fan and 
to the duct system. If readers have 
devised ways and means to reduce the 
transmission of this hum by suitable 
mountings for motors when direct 
connected to the fan by using some 
fibrous or other material that reduces 
the transmission of noise, I would 


question that you can 
answer from your ex- 
perience. 
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like to get details of such mountings. 
Possibly the noise-reducing device 
may take some form of coupling be- 
tween the motor and fan. Please 
indicate also how magnetic density 
and variations in slip to get low- 
speed operation effect motor hum. 

Omaha, Neb. H. A. P. 


Method of Changing Two-Phase, Four- 
Wire System to Two-Phase Three- 
Wire System.—Our power supply is 
from a two-phase, four-wire system. 
For various reasons I wish to change 
the distribution to a two-phase, three- 
wire system. Will some reader tell me 
how to determine which wires of the 
four-wire system should be connected 
together to form the common or neu- 
tral wire? Is it possible to tie to- 
gether the wrong pair of wires to form 
the neutral? How should the four- 
wire, three-phase motors be con- 
nected to the three-wire system? Are 
there any precautions to take in con- 
necting motors to the three-wire sys- 
tem? Will this change affect anything 
else in the plant? 

New York. N. Y. J. M. 


Armature Bands Overheat.—Five bands 


are used on a 220-volt, d. c. armature 
with which we are having trouble. 
The armature coils slope very sharply 
and to prevent the outside bands from 
slipping off the ends of the armature, 
the winder soldered copper strips 
across the bands so as to tie them 
together. Six %-in. strips were placed 
parallel to the coils and spaced at 
equal distances around the armature. 
The bands as well as the copper strips 
are well insulated from the armature 
winding, but the bands and particu- 
larly the copper strips become very 
hot, presumably from some induced 
current. I would like to know what 
causes this heating and how it may 
be prevented. If it is induced current 
that causes the heating please ex- 
plain what causes this current. Is 
there any way in which I can tie these 
bands together that will not cause 
the heating referred to? 

Oelwein, Ia. L. T. M. 


Starting Large Induction Motors. — The 
local power company does not permit 
the connection of squirrel-cage mo- 
tors larger than 25-hp. capacity to its 
line. Above this size a wound-rotor 
induction motor is required. Such a 
motor and its control are of neces- 
sity more expensive. It is my under- 
standing that some forms of resist- 
ance starters for squirrel-cage motors 
will cause the initial current peak to 
build up gradually and consequently 
create no voltage disturbance on the 
power company’s lines. If any read- 
ers have used such starters on motors 
larger than 25 hp., so as to meet the 
requirements of power companies and 
have successfully shown them that 
motors larger than 25 hp. can be 
started without line disturbance, I 
would greatly appreciate learning the 
details of the application. I would 
also like to learn the motor size, volt- 
age, speed of motor, and type and 
maker of starter in each case. 

Cedar Rapids, Ia. 
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Answers Received 
To Questions Asked 


Proper Babbitt for Armature Bearings 
—I would like to learn the experience 
of other readers as to what kind of 
bearing metal they find to be most 
suitable for armature Wien IS a 
lead-base babbitt best suited for arm- 
ature bearings of motors, which are 

eared direct to the driven machine? 

ith what type of bearing metal do 
you get the best results on armatures 
that are direct-connected or belted to 
the driven machines? There are on 
the market a great many varieties of 
bearing metal, including babbitt and 
various bronze alloys, and I shall ap- 
preciate any information that you can 
give me regarding the selection and 
application of such metal for use in 
armature bearings. 
Pittsburgh, Pa. H. D. 


In reply to the question by H. D., 
I suggest the use of Westinghouse 
Alloy No. 14 for his motor bearings. 
With a proper amount of oil, the mo- 
tors may be used for any service with- 
out fear of bearing trouble. 

I would like to hear from H. D., if 
he does not have good results with this 
type of alloy. N 

L. T. MILLER. 


Oelwein, Ia. 
t k * „* 


Answering the inquiry by H. D., I 
might say that at one time I was sales 
manager for a foundry and had a share 
in the creation of a volume of argu- 
ment in favor of the use of high-priced, 
secret bearing alloys. From this ex- 
perience I can appreciate how confu- 
sion may arise when selecting the 
proper kind of bearings. 

Strictly speaking there are only 
three kinds of bearing metals: (1) soft 
babbitt; (2) hard babbitt; (3) bronze. 
Babbitt is used where the bearing is 
likely to be rebabbitted for longer life 
and bronze is used where a one-piece 
bushing is more convenient for main- 
tenance purposes. Unless a bronze 
bearing is kept oiled it will freeze and 
cut the shaft, while babbitt will run 
dry for a time without harm to either 
shaft or bearing. 

In regard to alloys, the best type of 
bronze to use as listed in most hand- 
books is given as 88 per cent copper, 
10 per cent tin and 2 per cent lead. This 
is an old stand-by which has not been 
improved to any great extent. In the 
case of H. D., he could use babbitt 
with good results. 

Elgin, III. SVEND E. SALOMONSON. 
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Answering H. D.’s question in a 
recent issue as to what bearing 
metals are ‘best to use in motors, I 
recommend a bronze type bearing that 
has given excellent satisfaction on mo- 
tors rated from 10 to 50 hp. and oper- 
ating at speeds between 700 and 1,000 
r. p. m. 

These bronze bearings are composed 
of 80 per cent copper, 12 per cent lead, 
and 8 per cent tin, and are used for 
motors directly coupled to a reversible 
drive-shaft by a solid coupling. In 
boring out these bearings about 0.0025 
in. to 0.004 in. clearance depending on 
the diameter of the shaft, is found to 
be the most satisfactory. These bear- 
ings are lubricated by means of oil 
rings. A medium grade of machine 
oil is used. 

Long life is one of the chief char- 
acteristics of bearings made with this 
mixture and they have proved their 
adaptability for elevator use over a 
number of years. 

J. M. WALSH. 


Asst. Chief Engineer, 
Guerney Elevator Co., 
New York, N. Y. 
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Answering the question by H. D. in 
the November issue of INDUSTRIAL 
ENGINEER, I would like to mention the 
fact that we have adopted the practice 
of using Parsons White Bronze metal 
exclusively for all of our motor bear- 
ings. There is no question in my mind, 
however, that almost any good grade 
of babbitt with a fairly close grain is 
satisfactory for motor bearings where 
the drive is direct, providing there is 
no side thrust due to gears or belts. 

In order to prevent wear when 
motors are belted or geared to the 
driven machine, there must be an un- 
broken oil film between the journal and 
the sleeve at the point where the side 
thrust occurs. This oil film may be- 
come broken down by oil-ways cut at 
the point of maximum pressure or 


where a sleeve is too loose, and not 


parallel with the journal. Other causes 
might be rough journals, bearings, or 
both, and in some cases the grade of 
oil might be too light to stand the 
pressure. Most of our drives use 
either gears or belts, which cause con- 
siderable side thrust. We use the white 
bronze because it is harder than ordi- 
nary babbitt and has the very desirable 
feature of polishing the journal, which 
in turn causes minimum wear on the 
sleeve. 

Our first application of white bronze 
metal was made about three years ago 
on a 100-hp. motor that is used on a 
coal hoist and operates almost 24 hr. 
aday. It was thought up to this time 
that hard bronze was the only kind of 
material which would stand the weight 
and service. However, we were putting 
in new bearings about every three 


weeks and the journals were so rough 


they had to be redressed or built up 
each time, a condition which we felt 
should be remedied. The first set of 
white bronze bearings operated eight 
months and the journals looked like 
polished tool steel. These bearings 


have been changed two or three times, 


but the journals still maintain their 
polish and so far have required no 
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work on them. We were so well pleased 
with these results that we commenced 
using this material in place of babbitt 
on other motors, with entirely satis- 
factory results. 

We have applications where a 
cheaper and softer material would 
serve, however, our motor bearing 
troubles have declined to such an ex- 


tent since using this material that it 


is not worth while stocking another 
kind. In the end the cost is really no 
more as the bearings we now use wear 
longer and have eliminated consider- 
able work on the journals. 

If H. D. is having trouble with motor 
bearings, I suggest that he first check 
up on the mechanical details, as men- 
tioned above, to be sure that dirt and 
grit are not allowed to accumulate in 
the oil wells; then if this does not 
eliminate the trouble, try the white 
bronze bearing metal. 

CHESTER A. WILLIAMS. 


Providence Gas Co., 
Providence, R. I. 
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How te Make a Magnet Recharger—I 
wish to build a coil for recharging or 
remagnetizing magneto magnets. his 
coil is to operate on 220 volts direct- 
current. I shall be glad to get any 
information regarding dimensions of 
core, turns and size of wire, and so on, 
that other readers can give me. 
Somerset, Pa. G. G. F. 


In answer to G. G. F., the accom- 
panying sketch shows an electromagnet 
for recharging magneto magnets, 
which has been found very satisfactory 
and easy to construct. The base is of 
cast iron 1 in. thick, with two wrought- 
iron cores 8 in. long and 1% in. in 
diameter mounted on it. Each of these 
cores is wound with 14,000 turns of 
No. 27 B. & S. gage d.c.c. magnet wire 
and both coils are connected in series 
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Details of electromagnet for re- 
charging magnets. 
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for use on 220-volt d.c. circuits, or in 
parallel for 110-volt circuits. Where 
this arrangement is not required, or 
to make the magnet somewhat cheaper 
to build, half the number of turns given 
above and wire of twice the cross- 
section will make it suitable for service 
on 110-volt d.c. circuits only. 

The two cores are surmounted by 
wrought-iron blocks, 2 in. high, 2 in. 
wide, and 2% in. long. The complete 
electromagnet is usually mounted at 


‘some convenient point on the work 


bench so that just the two iron blocks 
project above the bench. The magneto 
magnets are recharged by moving them 
back and forth a few times across the 


‘face of these blocks. 


Cleveland, Ohio. 
k % „ „* 


Answering G. G. F.’s question, this 
magnet recharger may be made as fol- 
lows: The coils should have 220 turns 
each of No. 18 or 19 d. e. c. magnet wire 
wound on solid iron spools. These 
spools should be about 2 in. in diameter, 
5 or 6 in. long and bolted to an iron 
plate at least in. thick. The coils 
should be wound in opposite directions 
and the inner ends connected together. 
The outer leads should be connected to 
the power supply through a suitable 
switching device and fuses. 


HARRY J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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How to Determine Horsepower of a 
Shaft or Clutch.—Manufacturers of 
couplings, clutches and other trans- 
mission equipment rate their equip- 
ment in horsepower per 100 r.p.m. 
Thus a device that will transmit 
10 hp. at 100 r.p.m. would transmit 
25 hp. at 250 r.p.m. I understand 
clearly that the horsepower per r.p.m. 
is the same in both cases. However, it 
seems to me that the shock to both 
clutch and lineshaft caused by operat- 
ing a clutch at 250 r.p.m. would be so 
much greater than at 100 r.p.m. that a 
heavier clutch would be required. 

I should like to get the opinions of 
readers on this point. In particular I 
should like to know what allowances, 
if any, they make for clutches and 
other power transmission equipment 


P. JUSTUS. 


operating at speeds higher than 
r.p.m. 
Grand Rapids, Mich. B. B. H. 


In discussing the question asked by 
E. E. H. it is well to begin by explain- 
ing the purpose of a clutch and other 
power transmission equipment. In a 
machinery installation it is often found 
desirable to have a coupling between 
certain of the parts, so made that it 
can be readily disconnected, to render 
two parts absolutely independent of 
each other, insofar as motion is con- 
cerned. 

There are several ways of accom- 
plishing this; one is to use a regular 
split shaft coupling, which is removed 
entirely when occasion demands; 
another is to use a flange coupling 
with an independent plate between the 
two halves. When it is desired to dis- 
connect the coupling the bolts are taken 
out and the plate is removed. This 
plate is commonly termed a distance 
plate. A third method is to use what 
in days gone by was generally termed 
a dental clutch, so-called because each 
half had teeth, usually three, project- 
ing from the face which clutched each 
other when the two halves of the coup- 
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ling were brought together. Of late 
years these projecting teeth have been 
called jaws, and this device is now 
quite generally referred to as a jaw 
clutch. 

The first two of these devices require 
a complete stoppage of motion in order 
to break or make the connection, while 
the third requires a practical shut- 
down; so that unless the breaking or 
making of connections can always be 
made during regular shutdown periods, 
their use results not only in very con- 
siderable inconvenience, but often in 
considerable expense because of loss of 
operating time. 

To overcome the necessity of shut- 
ting down completely or slowing down, 
as required by these expedients, the 
friction clutch was devised, and it has 
been worked out so successfully that it 
is used satisfactorily on shafts running 
not only at normal speeds but also at 
extremely high rates of speed and can 
be engaged freely and disengaged 
without interrupting the motion of the 
shaft, or shafts, upon which it is 
mounted. However, the success or fail- 
ure of the friction clutch is predicated 
wholly upon the selection of a mechan- 
ism which has ample power capacity to 
meet all of the load conditions which 
are involved in the installation where 
it will be used. 

The automobile offers a very good 
example of this particular point, and 
all that it involves, for it makes use of 
a friction clutch. 

Notwithstanding the fact that the 
power plant of the car may be fully 
capable of driving it 60 to 70 miles per 
hour, the engine will invariably stall 
if, when the car is standing still, the 
clutch is engaged in high gear. Here 
the clutch holds and the engine stops, 
but that is only because the clutch is 
always made with power capacity 
which is in excess of the maximum 
which the engine can deliver. If the 
engine were stronger than the clutch, 
the clutch would slip and the engine 
would keep on going. In fact, this 
sometimes does occur, but the driver 
soon recognizes that his clutch is slip- 
ping and takes immediate steps to cor- 
rect it. Of course, if both the engine 
and clutch capacities were great 
enough to overcome the starting resist- 
ance offered by the car when “in high” 
starting in this way could be accom- 
plished, which is the condition usually 
met in the use of clutches in a factory. 

There is usually ample capacity in 
the factory power supply to handle any 
pick-up which may be involved in driv- 
ing any particular machine; therefore 
the problem comes back to the selection 
of a clutch which has sufficient power 
reserve to successfully cover the exces- 
sive starting strains which are 
involved. 

Sometimes, as in the case of oil and 
gas engines and electric motors, the 
problem in a factory is similar to that 
in the automobile; that is, the power 
unit has ample capacity to drive the 
plant after the machinery is in motion, 
but it cannot start up under the load 
and consequently the power unit must 
be started and be run up to speed 
before the load can be thrown upon it. 

In a case like this the friction 
clutch must not only be considered 
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from the standpoint of its ability to 
handle the excessive strains which the 
picking up a dead load involve, but 
also on the basis of its ability without 
frequent readjustments, to stand the 
slipping which must take place during 
the picking-up period and before final 
engagement occurs. Under conditions 
like this a certain amount of easing in 
and prolongation of the period of 
engagement, with the accompanying 
increase in slippage, must be allowed in 
order to prevent backing the starting 
strains into the power unit in such a 
way as to stall it. 

Along with these points, the fre- 
quency with which the clutch is oper- 
ated should be considered for, of course, 
the more often the operation takes place 
the greater will be the wear on the 
friction surfaces. It may seem advis- 
able to use a larger mechanism than 
might otherwise seem ample in order 
to increase the area of the friction 
surfaces. Because the wear is directly 
dependent upon the pressure imposed 
upon each unit of friction area, increas- 
ing the total area will reduce the pres- 
sure on each unit and consequently 
reduce the wear on the friction sur- 
face. 

This problem of pressure should also 
be considered in connection with the 
bearing surface, which in the case of 
a clutch pulley runs loose on the shaft, 
for if the loose hub or sleeve does not 
possess sufficient area the pressure 
resulting from the pull of the belt will 
result in lubrication difficulties and 
then wear, which will soon cause trou- 
ble. This wear is particularly trouble- 
some when the clutch is on the driving 
shaft, for when it is disengaged the 
sleeve is standing still on the running 
shaft, and unless ample bearing area 
is provided the shaft will wear a pocket 
in the sleeve along the line where the 
pressure comes. The sleeve does not 
always come to rest in the same posi- 
tion, so that, in the course of time 
there will be worn a series of pockets, 
which even though very small will be 
sufficiently large to cause operating 
troubles. On this account it is well to 
consider some form of renewable 
sleeve lining for an installation of this 
particular type. Babbitt makes a very 
easily replaceable sleeve bearing sur- 
face. 

In the cases of the split, flanged or 
jaw clutches, the matter of selection 
does not involve any particular prob- 
lem for these are generally designed 
to have ample strength to handle all 
the power which should be carried by 
the shaft for which they are regularly 
bored. In the selection of a friction 
clutch, the situation is different; con- 
sideration must be given to the fact 
that one part of the clutch, and the 
load back of it, are standing still and 
must not only be picked up from rest, 
but also brought up to speed by the 
other part which is running at a fair 
rate of speed. 

A friction clutch while of necessity 
allowing a small amount of slippage 
in the process of engagement, also 
engages definitely and positively in a 
limited period of time. If it did not, 
the friction surfaces would very quickly 
wear down, so that in order to keep the 
clutch in shape to function it would be 
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necessary to be constantly adjusting it 
to maintain the friction surfaces in 
proper relation to one another. 

Because of this fact, the starting 
loads must be considered largely from 
the viewpoint that during the period 
of clutching they produce strains simi- 
lar to those resulting from instantly 
applied shock loads. It is for this rea- 
son that good judgment dictates over- 
load capacities of two to four times the 
normal load requirements in clutches 
which are to be used to deliver power 
to machines with flywheels, such as 
compressors and punch presses, and, 
in fact, any machine which has a heavy 
mass to start up and bring up to 
speed. 

Clutches running at high speeds or 
driving high-speed machinery should 
also be considered in this same way, 
because starting the load up from 
rest and bringing it up to a high speed 
inside of only a few seconds involves 
starting strains often many times the 
magnitude of the strains involved in 
keeping the machinery running prop- 
erly after it has been put in motion. 

It is often found that a clutch is to 
be used in connection with a pulley 
which must be of a certain face to 
match up with the pulley on the 
machine to be driven, and of a certain 
diameter to give the machine the 
proper speed. At the same time it is 
estimated that the amount of power 
required to operate the machine is con- 
siderably less than the belt running 
over this pulley can readily transmit. 
It is always well, however, to select a 
clutch which is equal in capacity to 
that which the drive figures, for in 99 
cases out of 100 the estimated power 
requirement is that which is needed to 
operate the machine after it is running 
and the wider pulley has been provided 
by the machine manufacturer so as to 
insure the installation of a drive 
capable of taking care of the starting 
loads which are so much greater than 
the normal running loads. 

If the clutch is not made large 
enough to handle the starting loads it 
will not properly function and it will 
be a constant source of annoyance, not 
through any fault of the clutch but 
because of its being called upon to 
deliver more than its capacity. 


K. W. KNORR. 


Mechanical Engineer, 
Dodge Mfg. Corp., 
Mishawaka, Ind. 
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In reply to the query by E. E. H., 
the horsepower of lineshafts is com- 
puted from a general formula, depend- 
ing on the location of the bearings. For 
example, if there are no bearings to 
take into consideration the horsepower 
transmitted by a shaft is equal to the 
cube of the diameter multiplied by the 
r.p.m., and the result divided by 50. 
This will give E. E. H. a better idea 
of why horsepower corresponds to the 
speed of the shaft. As for example, 
assume that a 4-in. shaft (this is for 
simplicity in illustration because the 
standard shaft diameter would be 
3 +% in.) operates at the respective 
speeds of 10, 50 and 100 r.p.m. 

According to the above formula the 
respective horsepowers are: 

(1) 4X4X4X 10-50= 12.8 hp. 
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(2) 4X4X4X 50--50= 64 hp. 
(3) 4X4X4X100—-50=128 hp. 

However, if bearings are to be taken 
into consideration they are usually con- 
sidered as existing every 8 ft. and the 
formula becomes: cube of the diameter, 
multiplied by the r.p.m. and divided by 
75 (instead of 50). A common-sense 
allowance is made, in addition, for 
bearing spacing other than the 8 ft. 
mentioned above. 

Aside from shafting, one has to take 
into consideration the gear speed, pitch 
of gears, and kind of gears, which 
range from ordinary gears to cast steel 
and double herringbone gears running 
in oil. Consideration must be accorded 
to the type of drive from the shaft, 
which may be rope, belt or chain with 
their accompanying limitations in speed 
and ability to transmit power. 

The chief reason for using rope drive 
is its economy and ability to transmit 
power at a distance and at an angle; 
the amount of power that can be trans- 
mitted is limited by the number of 
ropes. Considerable speed is possible 
with rope drive. 

Belts have the advantage of being 
able to operate in moist and hot places 
and have a flexibility of control and a 
versatility of employment that make 
them adaptable to temporary or per- 
manent installations. Their thickness 
and width determine the horsepower 
and inversely, the speed. 

Pulleys have the general limitation 
of their peripheral speed and the gen- 
eral action of centrifugal force; this 
also applies to clutches, couplings, and 
so on, and in general their require- 
ments are such as to approximate the 
strength of an unbroken shaft with- 
out danger of breakage from centri- 
fugal force. 

The efficiency of a clutch at any 
speed depends on its alignment, a 
point which is often overlooked and 
seldom checked. This applies to all 
speeds. One must also consider that a 
clutch operating at a higher speed 
picks up its load in foot-pounds per 
r. p. m. at the same proportion as does 
the same clutch operating at a lower 
speed with corresponding lower horse- 
power delivered. 

Any clutch that “grabs” the load 
should be hoisted about as far from 
the plant as the junk man can carry it, 
and the sooner the better. I have a 
very vivid recollection of such a clutch 
letting go just as I opened a plant door 
on a visit, and with the door approxi- 
mately one-quarter open a %-in. bolt 
struck it. The remainder of the clutch 
was wonderfully distributed about the 
power house, fortunately without dam- 
age. But from that day I have 
maintained that that is no way to greet 
a visitor. That experience taught me 
to be skeptical about an imposing 
entrance to any place containing trans- 
mission machinery. This particular 
clutch was a “load grabber” and ended 
as all such clutches are wont to do. 
Conditions and not allowance was 
responsible, since the clutch was over- 
size. 

A good idea of a load pick-up can be 
obtained by watching the magnetic 
clutch pick up its load. The manufac- 
turer uses a switch to control the action 
of the clutch and valuable information 
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can be had on this type of clutch by 
addressing the manufacturer. 

I appreciate that the question asked 
by E. E. H. is a general one and I 
trust that the answer I have given him 
will prove of benefit, although there 
are many points to be taken into con- 
sideration in applying transmission 
equipment to a particular job or instal- 
lation. When one is planning to replace 
old equipment or put in new installa- 
tions, valuable data ‘can be secured 
from any of the manufacturers of 
transmission equipment. 

Newark, N. J. EDWARD JAMES. 
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In reply to the recent question by 
E. E. H., the items of excessive wear 
due to high speeds and shock of start- 
ing are considered when determining 
the horsepower of a lineshaft or clutch, 
or at least they should be, when figur- 
ing the power for high speed, and a 
liberal allowance made. For shafting 
the use of formulas is recommended. 
Shafting transmitting torque may be 
divided into three classes according to 
the kind of stresses to which they are 
subjected: 

(1) Shafts subjected to torsion. 

(2) Shafts subjected to bending. 

(8) Shafts subjected to torsion and 
bending. 

Due consideration must also be given 
to shaft deflection both angular and 
linear, or in other words the shaft must 
be stiff enough for the purpose. In 
calculating shafting for pure torsion it 
it customary to use the following unit 
stresses: 

Main power shafts—4,000 Ib. 

Line shafts with pulleys—6,000 lb. 

Small short shafts, torsion only— 
8,500 Ib. 

The inch-pounds torque may be cal- 
culated from the following formula: 

(1) Hp. X 68,025 = r.p.m. = In.-lb. 
torque. 

The size of shaft may then be deter- 
mined as follows: 

(2) (In.-lb. torque) = (0.196 4 = 
Unit stress. 

The above two formulas may be 
combined into one formula which will 
shorten the time of calculation: 

Main power shafts, Hp. (d' Ar. p. m.) 
80. 

Lineshafts with pulleys, Hp. (d' 
7. p. m.) = 53. 

Small, short shafts, 
Hp (d' Xr. p. m.) - 38. 

No allowance is made for the weak- 
ening of the shaft by the cutting of 
a keyway. Keyways reduce the 
strength of a shaft in torsion about 
18 per cent. 

Shafting with bending stresses is 
calculated first by determining the 
bending moment and torsional moments 
separately, combining the two into one 
stress called “equivalent twisting 
moment,” and then substituting this 
value in formula (2) as in.-lb. torque. 

(3) Te. MTV (MTT) 

Where: Te Equivalent twisting 
moment; M = Bending moment; T = 
Torsional moment. Assuming stresses 
of 6,000, 8,000 and 10, 000 Ib. per sq. in. 
is common practice in calculating 
equivalent torsional stress in shafting. 

Shafting should not have an angular 

deflection of more than 1 deg. in 20 


torsion only, 
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shaft diameters. It is good practice 
to add % in. to % in. to the shaft 
diameter for angular deflection. 

(583 K TN) =~ (D*XG) = Angular 
deflection. Where: T= Torsional mo- 
ment; L= Length shaft twisted in 
inches; d = Shaft diameter in inches; 
G = 12,000,000. 

Shafting may also be subjected to 
linear deflection and when the stress 
is exactly between the two bearings 
the deflection may be calculated with 
the following formula: 

[(Load in pounds) X (Span in 
inches)*] — 148 29,000, 000 (Moment 
of inertia) ]—Deflection. à 

According to good practice, shafting 
should not have a linear deflection of 
more than 0.01 in. per foot of length. 

The use of a brake test is recom- 
mended to find the load that will slip 
the clutch at a given pressure per 
square inch of friction surface. This 
pressure varies from about 10 lb. to 
100 lb. per sq. in. The greater the 
pressure the shorter will be the life of 
the friction material and other parts 
of the clutch. A pressure of 25 bb. 
per sq. in. is recommended for clutches 
of the type used with general trans- 
mission machinery. 

The load required to slip the clutch 
can be determined with a prony brake 
or by securing the clutch to a station- 
ary shaft having an arm attached to 
the loose member of the clutch and 
the weight hung from the end of the 
arm. After the shaft and clutch are 
ready for the test, arrange to have 
the right pressure applied to the slid- 
ing collar, when placing the clutch in 
gear to get the required pressure on 
the friction surface. After finding the 
weight that slipped the clutch, proceed 
to figure the power as follows. Assume 
that the lever is 4 ft. long, measuring 
from the center of the shaft to the 
center of the weight suspended on the 
end of the lever. The circumference 
of a 4 ft. radius will be 25 ft., less the 
fraction. Suppose the result of a test 
made with a 4 ft. lever showed that 
300 lb. weight was required and say the 
speed of the clutch was 100 r.p.m. 
Assume, A>=Circumference (approxi- 
mately 25 ft.); B—Weight (800 lb.); 
C= Revolutions (100 r.p.m.). Then 
(A XBXC)—~33,000—22.91 hp. 

For those wishing to arrive at a safe 
rating for various speeds and figuring 
from the rate given at 100 r. p. m., start- 
ing with a speed of 200 r.p.m., a clutch 
having 10 hp. at 100 r.p.m. will have 
20 hp. at 200 r.p.m. From the 20 
hp. deduct 5 per cent. The power at 
250 r.p.m. will be 25 hp.; from this 
deduct 10 per cent. For the next 
increase of 50 r.p.m. the deduction will 
be 15 per cent. Continue in the same 
manner to speed limit. 

There are conditions that cannot 
be taken care of by the instructions 
given, such as heavy starting loads, 
pulsating loads, continuous service, and 
clutch to be placed in and out of gear 
at short intervals. For extreme condi- 
tions the information should be given 
to a competent engineer to decide the 
power of the clutch required to obtain 
good service. J. L. LEMLY. 
Manager, Clutch Department, 

W. A. Jones Foundry & Machine Co., 
Chicago, III. 
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Method of Cleaning Skylights and Win- 
dows.—In our plant we have a serious 
roblem in connection with the clean- 
ng of skylights, transoms in monitor 
roofs and above the first floor, large 
windows with steel sash. I wish some 
readers would tell me what solutions 
they use for such cleaning, and de- 
scribe any easily-constructed scaffold- 
ing or other method which they use to 
got to this large area of glass. This 
as been a very expensive and unsat- 
isfactory procedure with us so far and 

I would like to know what others do. 

Indianapolis, Ind. J. F. H. 

Replying to the question asked by 
J. F. H., we have had experience with 
all kinds of acids and solutions, but 
the best thing that I have come across 
is “Skybryte,” which is à solution 
manufactured by the Skybryte Co., 
Cleveland, Ohio. l 

I do not know the exact ingredients, 
but I do know that it does not injure 
paint or metal work. 

I would suggest that J. F. H. have 
this manufacturer send a representa- 
tive, who will not only give him in- 
formation in regard to the solution, 
but will also give him practical infor- 
mation regarding the scaffolding, which 
he also requests. 

Cleveland, Ohio. J. E. KALIS. 
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Answering J. F. H.’s query regard- 
ing the cleaning of windows set in 
steel sash and located above the first 
fioor, the difficulty of reaching them 
may be overcome by installing a mono- 
rail track at the coping of the building 
and suspending from this a car de- 
signed for the purpose. At first thought 
this may seem to be a round-about way 
to perform this job, but at several 
power plants where the writer has 
seen this system used, its first cost has 
been soon offset by the savings made. 
The car is so arranged that it can be 
either raised or lowered by hand power 
or by a motor drive, and a similar ar- 
rangement is used for propelling it 
around the building. 

Master Mechanic, B. C. SCHLEGEL. 
The Mechanical Rubber Co., 
Cleveland, Ohio. 
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Calculation of Rotor Winding for Squir- 
rel-Cage Motor—I have a 1-hp., 220- 
volt, ype RI, single-phase, General 
Electric motor, which I wish to re- 
wind for three-phase operation. I 
have calculated the winding for the 
stator, but do not know how to go 
about figuring the squirrel-cage wind- 
ing for the rotor. Can any reader 
give me some help in this matter? 
Oakland, Calif. B. B 


Regarding B. B.’s question, the best 
method to follow in this case is to use 
the old rotor winding as a base. In 
all repulsion-starting types of motors, 
the rotor winding is short-circuited at 
a certain speed. After this stage the 
rotor acts as a squirrel-cage winding, 
having the correct distribution of cur- 
rent to provide the required running 
and pull-out torque, with a certain per 
cent of slip. 

The first step in changing the wound 
rotor for three-phase operation, is to 
remove the brush rigging and short- 
circuiting device. The latter includes 
all springs, weights, and the copper 
necklace, when used. Next, turn and 
polish the commutator, put a bronze 
wire band on this clean surface, and 
solder it to the commutator. On radial 
commutators the band will have to be 
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put on the narrow width of the necks 
so as to obtain a substantial job. 

The above procedure will give the 
same results as a squirrel-cage wind- 
ing and if greater starting torque is 
required the turns per coil and size of 
wire can be varied. More turns of a 
smaller size of wire will increase the 
starting torque and increase the full- 
load total losses, while less turns and 
a larger size of wire will decrease the 
starting torque, increase the starting 
current and decrease the full-load 
losses. If it becomes necessary to re- 
wind the rotor, due to a burned-out 
winding, or to change the starting 
torque, the commutator can be removed 
from the rotor and the ends of each 
coil connected together, so that each coil 
becomes a short-circuited loop. 

When rewinding, consider the coils 
per cell as being all in parallel. For 
example, assume a rotor having 37 
slots and 111 commutator bars or three 
single coils per cell, each coil consisting 
of three turns of one No. 12 d. c. c. 
wire. Now when the rotor is short- 
circuited, the three coils are in parallel 
or equivalent to 37 coils, each consist- 
ing of three turns of three No. 12 d. c. c. 
wires in parallel. This point should 
be remembered when rewinding in order 
to change the torque and will enable 
B. B. to meet any starting conditions 
with a suitable winding. 

Wilkinsburg, Pa. A. C. Ros. 
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Size of Motor Required to Operate Draw- 
bridge—I wish to know how to deter- 
mine the size and speed of motor re- 
quired to operate a drawbridge that 
is now operated by a steam engine. 
The diagram shows the general layout 
of the bridge. It weighs about 140,000 
lb. and travels 70 ft. in 45 seconds. 
It is supported on four steel wheels 
30 in. in diameter with a 12-in. face, 
running on steel rails. The bridge is 
pulled back and forth by a steel cable 
running on a drum which is driven by 
the engine through a gear reduction; 
this could be changed to a worm gear 


Eng:ne 
420 Rom 


Bridge weighs 
HJI Io. 


if necessary. The speed of the engine 


is 420 r.p.m. while the drum turns at 


10 r. p. m. I do not know the horse- 
power of the engine, nor is it equipped 
to take an indicator card, but the fol- 
lowing data may help: Duplex engine 
(both cylinders receive same pres- 
sure); steam pressure, 60 lbs. per sq. 
in.: cylinders 8 in diameter by 10-in. 
stroke; speed 420 r.p.m.; non-condens- 


ing. 

It will be necessary to use a two- 
phase, 60-cycle, 650- or  2,200-volt 
motor. I shall be very grateful for 
any help readers can give me. 
Quebec, Que., Can. W. 8. B. 


Replying to W. S. B., the power re- 
quired to propel a drawbridge weighing 
140,000 lb. plus the weight of a counter- 
weight of 61,000 lb. can be determined 
from the formula: 

Hp.=(WXLXS) (33, OOO Xe). 
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Where total weight of structure 
in tons (201, 000: 2, 000). 

L=lb. per ton friction (assume 30). 

S. speed in feet per minute. 

e Combined efficiency of gearing, 
rope friction, etc., say 0.8. 

If the speed of the drum is 10 r. p. m., 
and the circumference is 9.5 ft., the 
speed of the bridge is 9.5 4 1095 f. p. m. 

Therefore, Hp. (201, 000 K 30495) 


(33,000 0.8 2, 000) 10.8 hp. 


It should be noted that the above 
calculation is made on the assumption 
that friction is on the basis of 30 lb. 
per ton. If the wheels bind on the 
rails this value may be 60 lb. instead 
of 30 lb., and the horsepower required 
to propel will be twice as much. 

To determine the horsepower rating 
of the motor, a rule of thumb method 
is to multiply the horsepower required 
to propel by two, and use the nearest 
standard rating. In this case 10.8 hp. 
2—21.6 hp. 

A 20 hp. motor should be about right. 
The reason for multiplying by 2 is be- 
cause a heavy structure, like a bridge, 
with large inertia may require a large 
amount of power to accelerate it al- 
though a comparatively small amount 
is required for propelling it after it 
is up to speed. 

A closer check, taking account of 
the WR’ values of the different masses 
being accelerated would be as follows: 
WR’ of bridge—(201,000--0.8) 

X [95-—(2X3.1416X810)]? ....— 87.5 
WR’ of gears and other rotating 


parts (assumed) = 2.0 
WR’ of rotor of motor.................. = 15.0 
Total WR’ of all moving parts 

referred to motor pinion.............. 104.5 


Assuming the bridge is up to speed 
in 5 sec., the torque required of the 
motor for acceleration is only: 

(104.5X810)--(308X5)==55 IB. at 1- 
ft. radius. 


The torque for propelling plus the 


torque for acceleration is 70-+-55—125 
lb. to be exerted by the motor when 
bringing the bridge up to speed, where 
the propelling torque is (10.8 5,250) — 
810—70 lb. at 1-ft. radius. 

A 10-hp., 900/810=r.p.m. motor has 
a full-load torque of 65 lb. and a maxi- 
mum starting torque of approximately 
135 lb. Allowing for loss of torque due 
to low voltage, this value would be 
considerably less and under winter con- 
ditions when friction is high due to 
hard grease and presence of snow and 
ice, a motor of this size probably would 
not be able to break the static friction 
and get the bridge moving. 

A 20-hp., 900/810-r. p. m., slip-ring 
type, crane motor will be able to exert 
a maximum torque of approximately 
260 Ib., or a little more with normal 
voltage and frequency applied at the 
motor terminals. This seems quite a 
margin over 125 lb. figured above, but 
besides the possibility of a higher fric- 
tion than 30 lbs. per ton there is always 
the possibility of low voltage. The 
torque varies as the square of the volt- 
age, so that if the voltage happens to 
be 490 volts instead of 550 volts the 
maximum torque becomes 260X (490. 
550) 207 lb., which does not leave as 
great a margin for acceleration as is 
the case when full voltage is present 


January, 1926 


on the local power company’s system. 

If either 550-volt or 2,200-volt power 
is available, I suggest the lower volt- 
age, as a much better proposition can 
doubtless be secured from the motor 
manufacturer on both motor and con- 
trol equipment. 

A 900-r.p.m. (synchronous speed), 
crane-type motor is suggested. This 
is a standard 60-cycle speed and lends 
itself satisfactorily to gearing. A 
higher-speed motor would be cheaper 
but less satisfactory as far as gearing 
is concerned. 

With a speed of 10 r.p.m. at the 
drum, the speed at the 42-tooth pinion 
will be 10X (5019) X (4615) X (126 
+42) 354 r. p. m. 

This is somewhat lower than the 
speed given by W. S. B. as the speed 
of his engine is (420 r. p. m.). Since the 
motor speed is going to be a little more 
than twice the engine speed, the 42- 
tooth pinion should be replaced by one 
having a smaller number of teeth; or 
assuming 810 r.p.m. is the correct oper- 
ating speed of the new motor, 42X354 
--810—18-tooth pinion. 

| R. F. EMERSON. 


Industrial Engineering Dept., 
General Electric Co., 
Schenectady, N. T. 
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Answering W. S. B. regarding size 
of motor required to operate a draw 
bridge, the data furnished are not com- 
plete enough for an accurate estimate 
of the power requirements. From the 
cut, it is assumed that the bridge 
weighs 140,000 lb. and the counter- 
weight 61,000 Ib., making a total of 
201,000 Ib. or approximately 100 tons 
to be moved. From the unequal dis- 
tribution of weight on the wheels and 
the general character of the installa- 
tion, we will assume the rope pull re- 
quired to move the bridge on a level 
track with no wind as 45 lb. per ton. 
It is further assumed that the time 
required to move the bridge must re- 
main approximately as before and allow 
5 sec. for acceleration and 5 sec. for 
coasting to stop or an equivalent rate 
of 70 ft. in 40 sec., or (60X70) -40= 
105 ft. per min. For convenience, let 
us take the bridge speed as being 100 
ft. per min. Then using the formula 
Hp. = (W X f X S) = 33, 000. 

Where Hp. rating of motor in 
horse power 

W = weight of bridge to be moved 

f = friction in pounds per ton to 
drive bridge. 

S = free running speed of bridge 
in feet per minute 

From this we have: 

Hp. = (100 X 45 X 100) = 33,000 = 
13.6. The next commercial size above 
this would be 15 hp. 

The work of accelerating the bridge 
from rest is found from the formula: 
Hp. = (W X S’) = 31,680 X 0.85 X t 

Where W and S have the same values 
as in the previous formula and t= 
time in seconds taken to accelerate the 
bridge from rest to full running speed, 
which we assumed above at 5 sec. then, 

Hp. = (100 X 100’) (31, 680 X 
0.85 X 5) = 7.4 

This figure combined with the 13.6 

hp. found from the first formula would 
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indicate that a 20-hp. motor would be 
required in this particular case. 

The drum being 9 ft. 6 in. in cir- 
cumference would be almost exactly 3 
ft. in diameter. At a uniform bridge 
speed of 100 ft. per min. the drum 
would be revolving at the rate of 
100 9.5 = 10.5 r.pm. Selecting a 
motor running at 870 r.p.m. the 
reduction would be 870 — 10.5 or 83 
as against 40 in the existing installa- 
tion. This change in over-all gear 
ratio would, of course, have to be taken 
into account in redesigning the installa- 
tion. A Westinghouse 15-hp., 870- 
r. p. m., type CI motor has a rated 
torque at 1 ft. radius of 95 lbs., whence 
the torque at 1 ft. radius at the drum 
would be 95X 83 or 7,880 lbs. or 
7,880 1.5 = 5, 250 Ibs. rope pull at 
100 per cent efficiency. The actual rope 
pull required with no wind under the 
above mentioned assumption of 45 lbs. 
per ton is, 45 X 100 = 4, 500 Ib. This 
would allow an efficiency of the com- 
plete gear train of 4,500 6, 250 or 86 
per cent. 

This is quite high as the efficiency 
of such machines rarely runs over 70 
per cent and since no allowance was 
made for wind load it would probably 
be advisable to install at least a 20-hp. 
motor, which is rated at 125 lb. torque 
at 1 ft. radius. This latter rating then 
would check fairly closely with the com- 
bined requirements of acceleration and 
propulsion. This would give 6,900 lb. 
theoretical rope pull and would allow 
4,500 — 6,900 = 65 per cent efficiency 
for the gearing. The maximum start- 
ing torque for this motor is 230 lb. 
and the maximum running torque is 
288 lb. so that considerable leeway is 
available for wind loads and unknown 
factors. Such a motor would have a 
wound rotor and would be a %-hr.,, 
50-deg. C. rating. 

If wind load is to be considered, al- 
low 10 Ib. per sq. ft. of projected area 
in the direction of travel and add this 
to the tractive effort of 4,500 Ibs. re- 


quired with no wind and compute again, 


using the following formula 
(5,250 X hp.) — r. p. m. 

Where T = torque on motor shaft in 
lb. at 1 ft. radius. 

hp. = rating of motor desired 

r.p.m. = revolutions per minute of 
motor shaft. 

If a worm reduction gear is used the 
size of the motor would have to be 
increased still farther, as the efficiency 
of worm gearing goes as low as 20 per 
cent. However, there might be some 
advantage in a low-efficiency worm 
gear, as in general the lower the effi- 
ciency the more nearly self-locking the 
worm becomes, and hence less braking 
is required. It is standard practice to 
use shunt-wound, magnet-operated 
brakes operating on the shaft of the 
motor. The brake torque should be 
equal to or greater than the full-load 
torque of the motor used and should be 
capable of holding the bridge still 
against a wind force of 30 lb. per sq. 
ft. of projected area. A reversing 
three- or five-point drum controller 
with separately mounted resistor 
should be used and it might be advis- 
able to install a track limit switch also. 
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depending upon the local conditions. 

If the above assumption as to total 
weight of bridge is erroneous and the 
total including counterweight is only 
140,000 lb. the motor rating should be 
reduced correspondingly. 

For a rough check on the size of 
motor, selected above take the steam 
engine as it stands and assume a m. e. p. 
of 22 lb., which is probably high, and 
therefore the rating obtained below is 
correspondingly high. Using the well- 
known formula Indicated hp. == (PX L 
X A X N) = 83,000 and neglecting the 
area of the piston rod, we have 

Hp. = (22 X (10 +12) X 3.14 X 4˙ 

X2 X 420] = $8,000 = 23.4 

From this formula we obtain 23.4 hp. 
per cylinder or a total of 46.8 as the 
indicated horsepower of the two cylin- 
ders. Assuming a mechanical efficiency 
of 85 per cent for.the engines alone, 
we would have 46.8 X 0.85 = 39.8 hp. 
available at the engine shaft. 

This is practically double the size of 
motor selected above but, as already 
pointed out, this is probably higher 
than the actual output of the engines. 
Then, too, data not being at hand to 
compute the power required to over- 
come wind pressure, it may be that 
the 20-hp. motor selected would not 
be large enough to take care of this 
wind load. On the other hand, since 
the maximum running torque of the 
motor is over twice the rated running 
torque, this motor could easily deliver 
40-hp. for the 45 sec. it would be in 
operation, without a dangerous tem- 


perature rise. 
Fort Worden, Wash. E. I. PEASE. 
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Method of Cleaning Motor Mis pre (a 
What is the best method of cleaning 
motors that are oil-soaked and dirty? 
Can they be washed in gasoline and 
baked out in a bake oven to any ad- 
vantage? What is the best method of 
handling the gasoline? Should the 
armatures be dipped in a trough con- 
taining gasoline, or should they be 
wiped with a gasoline-soaked rag? I 
would greatly appreciate hearing of 
any other methods used by readers 
for cleaning oil-soaked windings, as 
well as the results obtained by using 
gasoline for cleaning. 

Chicago, Ill R. W. A. 


R. W. A. asks for the best methods 
of cleaning motors that are dirty. 

In cleaning large motors it is best 
to first remove the heaviest part of the 
grit and dirt with a coarse brush; if it 
is just loose, heavy dust a coarse hair 
brush will be best. In any case the 
heaviest part of the dirt should be re- 
moved before applying any cleaning 
fluid, as it will be difficult to remove 
the grit and dirt after they have been 
moistened. After the heavy dirt has 
been removed, wipe carefully in and 
around the windings, especially around 
the windings next to the frame of the 
machine with a piece of cheese cloth 
dipped in gasoline. A common paint 
brush dipped in the cleaning fluid will 
prove very satisfactory in cleaning the 
oily grit that is usually found in the 
windings next to bearing housings. 

In using gasoline, I would suggest 
that R. W. A. be very careful as to the 
amount he uses, as it is a well-known 
fact among maintenance men that 
under some conditions gasoline will 
tend to cause the insulation on the 
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windings to become brittle and crack. 

I have found that the use of carbon 
tetrachloride is very satisfactory for 
removing oil and grit from the wind- 
ings. As a matter of fact, it will do 
a better job of cleaning than will gaso- 
line, and will evaporate very rapidly, 
before it has a possible chance to soak 
into the windings, thereby making it 
unnecessary to put the motor in a bake 
oven to be dried out. When the motor 
can be left out of service for a few 
hours and can be put where the sun 
can shine on the windings, I think it 
will be found that cleaning can be done 
without injury to the insulation. 

I do not think it is advisable to dip 
the windings into a vat or container of 
gasoline to remove the oil and grit, for 
the reason stated above. If the entire 
winding is dipped in any cleaning 
fluids, a thorough drying out will be 
necessary. 

If it is possible to obtain compressed 
air or vacuum, it would be better to 
remove the loose dirt and dust in this 
way, as both of these methods, suction 
or blowing, have proven very satisfac- 
tory and are recommended by many of 
the manufacturers of motors and 
generators. 

When cleaning small machines a 
paint brush and cloths with some kind 
of cleaning fluid will be found to be 
the most satisfactory. 

I hope that R. W. A., as well as other 
readers of INDUSTRIAL ENGINEER who 
may be planning a cleaning expedition, 
will find the above information useful. 

F. J. H. KRAUSE. 


Power Maintenance Division, 
Southwestern Bell Telephone Co., 
Dallas, Tex. 

* W * 


Answering R. W. A., I have never 
dipped an armature for cleaning and 
do not feel entirely competent to ex- 
press an opinion on this method of 
cleaning. If no other method was pos- 
sible I would resort to dipping, but in 
my experience I have always found a 
different way to clean everything from 
small jobs up to water and steam tur- 
bines of good size. 

I find that many repair men use 
waste for cleaning with gasoline. For 
my part I have found a putty scraper 
useful for flat work, using hacksaw 
blades and the like for other parts (and 
be sure that they are all present or 
accounted for when the job is com- 
pleted). I supplement these with stiff 
bristle brushes ranging from tooth 
brushes and paint brushes to those with 
stiffer bristles, and use hard rags for 
absorbing and wiping in preference to 
waste. 

Generators can be driven by the 
prime mover and dried by circulating 
an idle current through the windings. 
As a matter of fact, I have always tried 
to arrange cleaning for such times as 
will allow the generator to be idle and 
permit thorough evaporation of the 
gasoline. This will allow the use of the 
generator for a short period without 
varnishing windings and serves to dry 
them out completely before varnish is 
applied. 

I have found no bad results from 
use of gasoline, and have also used 
kerosene and benzine in the same way. 

The application of the gasoline de- 
pends upon the apparatus to be 
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cleaned. For small places and small 
jobs I have applied it with a blow 
torch. For larger jobs I have used it in 
connection with an air supply of ap- 
proximately 40 lb. per sq. in. It is 
possible to use too much and if too 
small an amount is used it resolves into 
a very dirty, smeary mud. 

Newark, N. J. EDWARD JAMES. 
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In reply to R. W. A., excellent re- 
sults in cleaning motors may be ob- 
tained by carefully wiping off with 
rags well saturated with gasoline. 
Armature and field coils, which were 
well covered with an accumulation of 
oily dust and dirt have in this way 
been put in satisfactory condition for 
revarnishing. 

If the windings are really oil-soaked, 
as R. W. A. states there is hardly any 
process which will remove the absorbed 
oil. In most cases, however, the oil is 
merely on the surface, and unless the 
varnish has been charred or cracked, 
the treatment mentioned will prove sat- 
isfactory. 

It is well to use a high-test gasoline 
for this work, as most of the ordinary 
gasoline has a noticeable oily or greasy 
content. Be sure that the gasoline has 
entirely evaporated before starting the 
motor if it is of the commutator or 
slip-ring type. 

The re-varnishing referred to above 
should follow a thorough air-drying of 
the cleaned motor. Use a spirit varn- 
ish for this purpose so that grease or 
oil will not dissolve it and penetrate 
into the winding. When cleaning with 
gasoline, if the varnish comes off with 
the dirt and grease, one may well sus- 
pect that the oil has gone through to 
the windings. This is the result of 
using a gasoline or benzine varnish for 
the final outer coating. 

Asst. Chief Engineer, 


Gurney Elevator Co, J. M. WALSH. 
New Tork. N. T. 
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In reply to R. W. A., there are sev- 
eral good methods of cleaning stators. 
If the stator is very dirty and oily one 
method is to wash with gasoline under 
pressure. An ordinary paint spraying 
appliance, such as the small portable 
type used for painting armatures and 
motors, may be used to advantage. 
After washing the stator in this man- 
ner it should be thoroughly heated and 
dried out in order to remove such oil 
and moisture as has penetrated the in- 
sulation of the coils. The time taken 
for this drying process will vary with 
the condition of the motor; some motors 
require only 8 or 10 hr., while others 
require from 24 to 48 hr. This applies 
to relatively small motors, 100 hp. or 
under. Larger motors will require 
more time in proportion. 

Another very good method that, while 
it is a little more expensive is very ef- 
ficient, involves the use of a regular 
cleaning fluid such as the cleaning fluid 
put up by the manufacturers of 
Pyrene. If this cannot be obtained 
readily, the regular Pyrene extin- 
guisher liquid may be used. This liquid 
is an excellent cleaner and evaporates 
very rapidly. It is safe to use, so far 
as danger of fire is concerned, but the 
fumes given off are very offensive and 
cleaning should be done where there is 
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a plentiful supply of fresh air; other- 
wise the operator will be made very un- 
comfortable. 

A method which has been used to 
some extent, but has never met with the 
approval of very many electrical men, 
makes use of water under pressure. It 
has been used on motors that were 
filled up with dust not containing oil. 
If an excellent drying oven is avail- 
able this method may be used with some 
success, but in my opinion it is best 
to keep away from the use of water 
or any other liquid which is slow to 
evaporate. 

If handled by a careful operator, an 
ordinary, coarse scrubbing brush and a 
pail of gasoline can be made to give 
excellent results. After the washing, 
compressed air can be used to clean 
out the air ducts, which are usually 
plugged up. During the past two years 
the writer has been using a spray gun 
and gasoline under a pressure of 40 to 
80 lb. per sq. in. The pressure used 
depends upon the condition of the in- 
sulation of the coils. If the insulation 
is old, low pressure must be used; 
otherwise the tape will be torn off the 
coils. If the insulation is in good con- 
dition and has not been subjected to 
very much oil, 80 Ib. pressure may be 
used without damage to the tape. We 
dry the motors out thoroughly before 
and after cleaning and then give them 
one or two coats of Sterling black air- 
drying varnish. 

In many old motors where the bear- 
ings have been rebabbitted in the plant 
shop, no provision is made to drain oil 
from the bearings back into the oil 
well; consequently it follows the shaft 
and is blown all through the coils by 
the fans on the rotors. All sleeve type 
motor bearings should have a groove 
cut around the inside at each end and 
small holes drilled at the bottom to 
allow oil to drain into the well, instead 
of following the shaft. 

Chief Electrician, LEE F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In answer to R. W. A., regarding 
methods of cleaning oil soaked motors 
and windings, we use a gasoline spray 
gun that can be bought in any auto- 
mobile accessory store. This gun is 
used with an air pressure of 60 to 80 lb. 
per sq. in. The gasoline is contained 
in a bucket. A hose attached to the 
gun dips into the gasoline and serves 
to conduct it to the gun. The latter is 
provided with an adjusting screw so 
that the spray can be regulated as 
desired. We get very good results by 
the use of this outfit. 

One of the chief advantages is that 
the windings do not become soaked with 
gasoline, as in the case when they are 
dipped. Soaking in gasoline has a 
tendency to injure the insulation of 
the coils. 

When applied by the spray gun, the 
gasoline evaporates very quickly. When 
the windings are dry, it is a good idea 
to coat them with a good air-drying in- 
sulating paint or varnish. This should 
be allowed to dry thoroughly before the 
motor is put back into service. 

Chief Electrician, H. CHARLTON. 


E. I. du Pont de Nemours & Co., 
Newark, N. J. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The ttems may 


refer to inspection, overhauling, testing, and emergency or special installations. 


How an Emergency Contactor 
Was Made From a Hinge 


I AN emergency, a novel expedient 
was used to provide a direct- current 
contactor for a control panel. The con- 
tactor which had been in service was 
so badly burned and worn that it would 


no longer function. Failure occurred on 


a Saturday morning, and the motor on 
which the control was used was needed 
for emergency work all that afternoon, 
that evening and the next day. No 
Other contactor was available. On 
searching through the shop an old 
strap hinge and a few other parts were 
discovered, including a 230-volt con- 
tactor coil. The coil had an iron core, 
one end of which was tapped for a 
10/24 machine screw. We conceived 
the idea of making up an emergency 
contactor from these parts. 

The iron pin holding the two parts 
of the hinge was removed and a brass 
pin substituted so as to keep down as 
much as possible any magnetic drag 
which might exist at the hinge point. 
The space between the two sections of 
the hinge was increased sufficiently to 
allow the insertion of brass washers to 
keep the two halves in line and also to 
prevent an iron to iron contact that 


Fig. 1—One strap of the hinge was 
bent as sh 


own to form the frame 
of the contactor. 


The other strap formed the arma- 
ture. A contact held by a spring is 
fastened to the end of the armature. 
The stationary contact, with which 
this engages, was made from brass 


rod ¥% in. in diameter. 


would cause a magnetic drag. One 
half of the hinge was bent at right 
angles, as indicated in Fig. 1 and one 
of the holes originally intended for a 
screw was used to hold the coil fast 


For boit holding coil 
to frame. 


Remove iron pin and 
Substitute brass pin 


Fig. 2—The iron hinge pin was 
replaced with a brass pin to reduce 
m. magnetic drag that might 
exist. 


Brass washers were 
indicated between the edges of the 
straps where they rub against each 
other at the hinge point. The screw 
holes in the hinge straps were util- 
ized in forming the contactor, as is 
shown in the diagram. 


inserted as 


to this half of the hinge. The remain- 
ing holes in this half were used to bolt 
the completed contactor to the base. 
Fig. 2 shows what each screw hole in 
the hinge was used for. 

The other half of the hinge was used 
as an armature and a pin was placed 
in the outermost hole to hold the con- 
tact in place by means of a spring, as 
shown in Fig. 1, and thereby allow a 
small amount of wipe on the contact 
points. This spring also aided gravity 
in pulling the armature away from the 
coil when the contactor opened. The 
hole in this half of the hinge, which 
corresponds to the hole in the other 
half used for holding the coil in place, 
was used to hold a pin which kept the 
contact fastened to this half from mov- 
ing sideways. The movable contact 
was carried on a piece of fiat brass 
about % in. thick and 3% in. wide which 
was bolted to the top of the armature 
as shown in Fig. 1. 

For the stationary contact tip a piece 
of -in. diam. brass rod was used, one 
end being drilled and tapped and a 
screw inserted to hold the tip rigid on 
the base as shown in Fig. 1. 

As the contactor was to carry only 
7 to 10 amp. a flexible shunt was sol- 
dered to the brass piece, carrying the 
movable contact tip, and was run to a 
stud on the panel. A strip of brass 
was bent, as indicated in Fig. 1, to act 
as a stop, thus preventing the armature 
from dropping out too far when the 
coil was de-energized. Adjustment was 
provided on the stationary contact post 
so that the proper travel of the arma- 
ture might be obtained and, at the same 
time, a sufficient amount of wipe be 
provided. 


No blowout or arc chute was used. 
There was a small amount of arcing, 
but during the three days the equip- 
ment operated no seriously harmful 
effects were noticed and, at the end of 
that time, the contactor appeared to be 
in very good condition. 


Industrial Control Dept., E. B. SMITH. 
General Electrie Co., 
Cleveland, Ohio. 


Mounting Motor Starter Without 
Defacing Building 


T IS not until a room is completely 
stripped of machinery and other 
equipment that the extent of the de- 
facing and mutilation of the building, 
due to the erection of the machinery 
and its auxiliary equipment, becomes 
apparent. Then for the first time the 
plant man sees the grooves in the floor, 
which were cut by trucks, holes which 
were gnawed in the floor by loose 
machinery fastenings, posts hacked 
and studded with nails, and ceiling 
members which are split at the holes 
bored in them to suspend various fix- 
tures. These mutilations, which would 
ordinarily not be noticed, are very ob- 
vious when there is not the usual equip- 
ment around to overshadow them. 
Cement floors are subject to more muti- 
lation than wooden floors because the 
latter are more easily patched and 80 
are generally repaired whenever torn 
up. Some of these defacements can 
hardly be avoided. However, what 
might be termed minor defacements, 
which are generally due to the installa- 
tion of small machines or auxiliary 
equipment such as starters, switches 
and so on, are generally more numer- 
ous and frequently show up more prom- 
inently as well as do more permanent 
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Concreſe floor: 


* 


This substantial mounting for a 
motor, compensator or other auxil- 
iary control equipment may be 


placed wherever convenient and 
causes little mutilation of the floors. 
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damage to the building. More care to 
prevent this would need to be taken 
where the equipment in buildings is 
shifted frequently as otherwise the in- 
terior would soon be almost entirely de- 
faced. 

The method illustrated on the pre- 
ceding page for mounting supports for 
compensators, motor starters, switches 
and other similar auxiliary equipment, 
not only provides a substantial mount- 
ing but causes very little defacing. Use 
is made of a piece of 2-in. plank of any 
length and width necessary. This 
plank is dressed all over and is held 
upright by two triangular brackets, 
which are fastened to the back and 
secured to the floor by four -in. bolts 
‘or lagscrews. The starter, or other 
auxiliary equipment, may be mounted 
as shown. Such a type of mounting 
does not deface the floor and is fre- 
quently much more convenient than 
mounting the equipment on a column or 
wall, which can seldom be done without 
leaving some defacing mark. Installa- 
tions of this type may be used for 
mounting the auxiliary control equip- 
ment around wood-working machines, 
presses, textile machines and other 
equipment. DoNaLD A. HAMPSON. 
Plant Superintenden 


Morgann & Wilcox 


g. Co., - 
Middletown, N. Y. 


Methods of Testing for Grounds 


and Faulty Insulatien 


NSULATION is by far the weakest 

link in the electrical chain. Failure 
of it results either in shorts between 
conductors or shorts between a conduc- 
tor and an adjacent conductive mate- 
rial, causing a ground. A single ground 
produces no excessive current flow but 
subjects the remaining sides of the 
circuit to an increased potential, which 
increases the strain on the insulation 
of this side of the circuit, thereby mak- 
ing an insulation failure at this point 
more probable. An additional ground, 
occurring from this or other causes, 
creates a current flow which, even if 
small proportionately, soon burns 
through, making a heavy ground. 

Many grounds occur suddenly by 
overheating and burning, fires, water 
soaking, damaged insulation, dirt, and 


the like. Most grounds are produced 


more slowly by the gradual deteriora- 
tion of the insulation, although this 
weakening may be the development of 
the same causes. 

Grounds in _ electrically-operated 
plants cannot be entirely prevented. 
Systematic testing of the insulation 
throughout the plant well repays the 
operator in the form of a marked 
reduction of electrical trouble. The 
first concentrated effort should be fre- 
quent tests of the condition of the 
insulation. One method quite often 
used involves the use of a magneto. 
The magneto, however, is practically 
limited to a rather rough test of insu- 
lation, because it merely indicates 
whether the insulation is above or 
below a certain low value. The mag- 
neto will often give misleading indi- 
cations on circuits having even a small 
electrostatic capacity. Under such 
conditions it will indicate a short-cir- 
cuit, erm though the insulation resist- 
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ance may be high. Likewise, the mag- 
neto may indicate an open circuit when 
the circuit is not open. For example, 
if the magneto is used to ring out a 
shunt-field coil of a  direct-current 
motor, the bell will not ring, owing to 
the high induction of the coil. The 
natural inference would be that the 
shunt-coil is open. Testing with a mag- 
neto in this particular case would not 
be conclusive. 

If regular tests of all circuits are 
made when the machines are idle, with 
an insulation testing device such as a 
megger or megohmer, the condition of 
the insulation can readily be noted and 


0 “Ground ` 
“100 W. 250 V. Lamps? 


A fuse, connected in series with 
the ground detector lamp, blows 
when a ground occurs. 


By using ten 100-watt, 250-volt 
lamps connected to a 230-volt cir- 
cuit as shown, a current of 0.92 
amp. is normally drawn from the 
line. This is not sufficient to blow 
the l-amp. fuses shown at a and 

In case a ground occurs on one 
side or the other of the line, one 
bank of lamps is subjected to full 
line voltage, thereby raising the 
current through it to 1.84 amp. and 
blowing the fuse. 


recorded. By comparing the values of 
insulation resistance obtained witt. 
those taken on previous tests, a good 
idea of the condition of the insulation 
may be obtained. Evidence of de- 
terioration gives a warning sufficiently 
in advance to allow ample time for 
repairs. 

Much time can be saved during such 
testing by closing all switches and test- 
ing at the bus bars. Should this group 
method show up serious trouble, the 
general location of the fault can then 
be determined by eliminating, consecu- 
tively, sections of the system. This 
method is particularly valuable for 
testing the bus, switch gear, distribu- 
tion cable, transformers and other 
large equipment. 

As previously indicated, this method 
is not a cure-all and should be aug- 
mented by tests for actual grounds 
during the operation of the equipment. 
A ground at one point of a system 
shows on all units directly connected 
into the system at that time. Familiar- 
ity with the period and cycle of opera- 
tion of various machines gives, in many 
cases, a good idea as to the location 
of the trouble by its effect at the center 
of distribution. A multiplicity of 
equipment of similar operating charac- 
teristics, however, requires more 
thought and more splitting-up during 
the test. 

Lamps or voltmeters arranged for 
permanent or multiple connections 
from bus to ground, are frequently 
used as ground indicators. Use of this 
method requires that someone be 
watching the voltmeters or lamps at 
the particular instant that the ground 
comes on. For that reason, this 
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method is very limited, as many grounds 


will oceur unnoticed, particularly those 
of more or less intermittent character. 


Various connections of lamps or 
resistors with fuses, as shown in the 
accompanying diagram, overcome this 
objection to some extent, but not 
entirely. In the case illustrated, two 
sets of five 100-watt, 250-volt lamps 
are connected in series across the 230“ 
volt supply. The connéction between 
the two sets of lamps is grounded. 
Fuses of l-amp. capacity are con- 
nected in series with the lamps at a 
and 6 as shown in the diagram. 
Under normal operation using 250-volt 
lamps on a 230-volt circuit, a current 
of 0.92 amp. would be drawn through 
the fuses by the lamps. This is 
not sufficient to blow the fuses. In 
case a ground occurs on either side 
of the line, one set of lamps will 
be subjected to full line voltage in- 
stead of half line voltage, thereby 
raising the current through that set of 
lamps from 0.92 amperes to 1.84 
amperes. This current would blow the 
fuse for this set of lamps, thereby giv- 
ing a permanent indication of a ground 
existing on the side of the line opposite 
that to which the fuse is connected. 
The writer has used this scheme with 
very good results. A non-renewable 
fuse will be found preferable for use 
at a and 5. 

The use of graphic meters, with the 
advantage of continuous records, 
appears to be the best method for 
detecting actual grounds. An excel- 
lent article by R. H. Bahney, describing 
ne use of graphic meters on direct- 
turrent circuits appeared in the Sep- 
tember, 1925, issue of INDUSTRIAL 
ENGINEER. The use of graphic meters 
on alternating-current systems may 
prove more complicated. If the electri- 


cal system consists of several banks of. 


transformers without secondary tie 
lines it will, of course, be necessary to 
install and maintain at least one alter- 
nating-current graphic voltmeter on 
each secondary distribution circuit. 

Other devices for testing grounds 
have their field of usefulness, due par- 
ticularly to the fact that they are com- 
pact, handy and sufficiently accurate 
for quick work. The magneto is found 
in nearly every maintenance shop. It 
is most useful, however, in shooting 
trouble after the breakdown occurs. A 
handy device for testing for grounds 
as well as other circuit troubles, is the 
pocket tester made by the Electric 
Tester Mfg. & Sales Co., Portland, Ore. 
This pocket tester is of the multi- 
voltage type and consists of a small 
lamp together with suitable resistance 
and tap arrangement for testing all 
standard voltages, both a.c. and d.c. 
up to 600 volts. There is also a pocket 
voltage tester (made by the Square D 
Co.) which consists of a small solenoid 
and plunger mounted in a fibre tube. 
An indicator fastened to the plunger 
and working through a slot in the tube, 
indicates voltages ranging from 110 
to 600 volts both a.c. and d.c. 

A companion to these two for test- 
ing higher voltages is the spark gap 
tester, known to the trade as “Spark 
C” (made by the Westinghouse Electric 
& Mfg. Co.). This tester is generally 
used for testing the ignition system of 
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gasoline engines, and has the big ad- 
vantage of safety in testing high- 
voltage circuits. It is not necessary to 
touch a live conductor. If the tester 
is brought close to a live conductor, the 
tube will glow. This glow will occur 
even through the ordinary cable insu- 
lation or porcelain insulator or other 
types of insulation. A conductor of 
zero or low potential will not produce a 
glow in the tester and thereby shows 
the presence of a ground, open or other 
fault disturbing the voltage balance of 
the system. 

Grounds are frequently located by 
resistance measurements of the copper 
conductor from some accessible point to 
the grounded portion. For this pur- 
pose the Wheatstone bridge, or modi- 
fications of it have been used for many 
years. 

In the repair shop, motors and other 
electrical apparatus are generally sub- 
jected to a voltage higher than rated 
voltage to determine the condition of 
the insulation. Should a weak spot be 
present, it is broken down and its loca- 
tion readily found. When followed by 
repairs, this practice saves consider- 
able time, but in general the method is 
too destructive to be used about the 
plant, unless it is apparent that the 
apparatus will probably have to be 


taken from service for replacement 


with new equipment. 

The size and layout of a given plant, 
together with the cost of production 
delays will greatly assist in determin- 
ing which of these methods will be 
best. For this reason the various 
methods of testing have been compared 
with each other. R. N. VINING. 


Electrical Engineer, 
Detroit Seamless Steel Tubes Co., 
Detroit, Mich. 


Inexpensive Way to 
Prevent Starting Shunt Motors 
on Weak Field 


MANY plants where old-type, 
manually-operated, control is in use, 
a problem that often confronts the 
electrical superintendent is how the 
change to automatic control can be 
made without running up the mainte- 
nance costs; the management often- 
times considers that so long as the 
manual control is starting the motors, 
no change is necessary. 

In some cases, when the idea of auto- 
matic control has been sold to the man- 
agement and a quotation received from 
the contro] manufacturer, the price is 
found to be so high in proportion to 
that paid for manual control, that the 
change is pigeon-holed until the 
brighter days of better business. This 
being the case, it is sometimes neces- 
sary to do a considerable amount of 
figuring to obtain a satisfactory auto- 
matic controller and still keep the pur- 
chase price down. 

As a concrete instance, I will cite a 
particular case where some money was 
saved. A 5-hp., 400/1600-r.p.m., 230- 
volt motor was used to drive each 
stoker grate in a large boiler house of 
a steel plant. The control installed 
with these motors consisted of standard 
starting and speed-regulating rheostats 
in which the contact arm is moved 
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across the faceplate thereby cutting 
out the starting resistance and then 
moved back in the opposite direction to 
give speed control. 

Considerable trouble was experienced 
with these starters, chiefly due to their 
being operated by foreign labor. After 
three or four years’ operation there 
was little of the original starters left, 
and a considerable amount of money 
had been spent in keeping them oper- 
ating. 

In looking about for a new type of 
starting equipment it was decided that 
a time-limit acceleration starter, simi- 
lar to those which had been installed 
on various drives in the plant, would 


Starting zorrtac 7078 RA Ra, R3, RA. 


To main 
Switch 


The first button on the full field 
side of the field rheostat was dis- 
connected and connected through 
(C) to coil (A). 


When the field rheostat is in the 
off or full feld position it bridges 
the first two buttons, as shown. 
Power flows from L2 through coil A 
to C, thence to the off button, then 
across the rheostat arm to K and to 
Li, thereby completing the circuit 
and causing the operating coil A to 
function. 


be best for the conditions encountered 
in the boiler house. The only trouble 
with the time-limit acceleration start- 
ers was that no provision was made to 
prevent the operator from starting the 
motor with a weak field. Upon taking 
this matter up with the manufacturer 
of the starter, it was found that a field 
relay could be installed, but the price 
would have to be increased about 100 
per cent, which made it prohibitive. 

The starters were, therefore, ordered 
standard and the following scheme 
worked out to change them when re- 
ceived. The resistance was discon- 
nected from the first stud in the field 
rheostat and connections made as 
is clearly shown in the accompanying 
diagram. 

When the rheostat handle is turned 
to the off position, the operating coil A 
is energized from L2 through C across 
the rheostat handle to K and to L1. 
Thus the coil closes the starting con- 
tactors and accelerates the motor. The 
operating coil circuit is maintained 
through an auxiliary contact at X 
which closes with the last main con- 
tact. The motor can then be speeded 
up at will by turning the field rheostat 
arm, thereby cutting resistance into the 
shunt field. 

It will be readily seen that unless 
the rheostat handle is turned to the 
off position, the A coil circuit cannot 
be energized; therefore the starting 
contactors will not close to start the 
motor. 
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The starting or stopping of the mo- 
tor is controlled by a switch ahead of 
the starter. In the case of power fail- 
ure, if the rheostat is on the off posi- 
tion for low speed, the motor will start 
up; if in any other position, however, 
the operator must first turn the rheo- 
stat back to the off position before the 
motor will start. 

This control as changed has been 
giving satisfaction for the last year 
and a saving of about $50 was made 


on each starter. O. C. CALLOW. 
Chief Electrician, 

The Trumbull Cliffs Furnace Co., 
Warren, Ohio. 


Ammeter in 
Motor Feed Gives Control Over 
Quality of Product 


r THE drawing of heavy brass and 
bronze wire a double pull block is 
frequently used. This consists of a 
horizontal shaft with a block at each 
end on which the wire being drawn is 
wrapped after being pulled through 
the reducing die. In these days of in- 
creased production demands it is advis- 
able to get as much output from each 
side of the machine as it can safely 
deliver. 

In our case, the double block was 
driven by a 75-hp., 2380-volt, General 
Electric, variable-speed, direct-current 
motor. To guard against burning out 
this motor, due to overload, we in- 
stalled an indicating ammeter in the 
line to the motor. The maximum cur- 
rent which the motor could safely draw, 
was heavily marked in red on the 
ammeter. The operators were in- 
structed to govern the amount of re- 
duction of wire on the two sides of the 
machine so that the pointer on the 
ammeter would not pass the red mark. 
A rather liberal allowance of 50 per 
cent overload was made in locating the 
mark because the operation is inter- 
mittent. 

Due to changes and expansion in the 
plant, we have arranged this block so 
that only one side is used and nothing 
but Phono Electric trolley wire is 
drawn on it. We now use the indi- 
cating ammeter to obtain greater con- 
trol over the operation. It is still 
necessary to have knowledge of the 
current drawn by the motor when the 
block is speeded up because, naturally, 
more power is required for any par- 
ticular draft with a higher speed, 
especially when working on this heavy 
wire. 

We have determined, therefore, what 
speeds should be used on the different 
drafts of wire and what energy these 
different drafts should take. Any de- 
parture from the normal condition for 
any speed and draft, which might be 
due to a variation in quality of the 
alloy or other causes that would affect 
the quality of the wire, is indicated at 
once to the operator, as the ammeter is 
located so that he can easily watch it. 
This ammeter has been of great assist- 
ance to us in maintaining an even 
standard of product as it gives us al- 
most laboratory control in the shop 


itself. 
Plant Engineer, E. R. FEICHT. 


Bridgeport, Brass Co., 
Bridgeport, Conn. 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
the auxiliary transmitting equipment to all driven machines. 


ing element through 


Driving Pedestal Emery Grinder 
With Bevel Gears 


LOOR grinders such as are univer- 

sally used for snagging, miscel- 
laneous grinding, sharpening tools, ana 
so on, are usually either belt driven or, 
if they are new, are of the built-in- 
motor type. In a machine shop manu- 
facturing conveyors the type of drive 
was changed from lineshafting to in- 
dividual motors. What to do with four 
belt-driven floor grinders was a ques- 
tion which bothered the operating force 
for some time. 

These grinders were good, rugged 
machines, which were mounted on sub- 
stantial pedestals, and had proven per- 
fectly satisfactory; new motor-driven 
machines would run into considerable 
money, which was an expenditure 
hardly warranted by the circumstances. 
However, the master mechanic knew of 
no “past performance” that suggested 
any alternative, unless it was to put mo- 
tors overhead and belt from them to 
the grinder pulleys. The construction 
of the machines was such that motors 
could not be installed between the bear- 
ings; at least, the shop did not have the 
equipment or the experience to do this. 

The method of attaching direct drives 
to these old grinders was a somewhat 
novel one. However, it was sound 
fundamentally as is attested by over 
six years’ continuous operation during 
which time not a single criticism has 
been entered in regard to these ma- 
chines. The spindle pulleys on the 
grinders were removed and bevel gears 
put on the shafts in the place of the 
pulleys. A mating bevel gear was 
placed on the stub shaft of the motor 
which drives the machine. There is 
nothing radical about the drive, but 
Many experienced shop men would 
immediately hold up their hands in 
horror, and say: “What? A gear 
drive, and bevels at that, running at 
motor speed? Why, you couldn’t hear 
yourself in a room with one much less 
‘four of them running. Now, a worm 
—that would be silent; but of course 
you couldn’t get the speed out of a 
worm drive.” 

The remarkable part of it is that 
these gears are not noisy. The ma- 
chines make no more noise than they 
did when belt driven. Visitors to the 
shop often ask about the kind of a 
drive on those grinders because the 
grinders are conspicuous and are 
placed around the shop at odd places 
as they are moved anywhere that is 
convenient for use on an erecting job. 
Both the gears and the motors are 
enclosed with sheet-metal hoods to pro- 


tect them from the dust from the 
grinding wheels. 

Three of the machines run at 1,800 
r.p.m. and one at 3,600 r.p.m. Current 
is supplied at 220 volts, 60 cycles from 
sockets arranged at fixed points for 
plugging in. A long extension cable is 
part of each machine’s equipment. 

The grinder shown in the accompany- 
ing illustration is driven by a 2-hp. 
motor which is supported on a metal 
frame on the back of the machine and 
is suitably braced from the pedestal. 
A lighter frame for mounting the 
starter is carried upwards. This places 
the starter in a convenient position be- 
tween and above the two wheels. These 
frames are substantial but not elabor- 
ate. This machine has a pair of bevel 
gears 4 in. in diameter, eight-pitch 


The motor is direct connected to 
the pedestal grinders through miter 
bevel gears. 


To obtain a more flexible arrange- 
ment of the machinery in one shop 
group drives were replaced by indi- 
vidual motors. The problem of con- 
necting motors to each of four 
double-head pedestal grinders was 
solved by installing bevel gears on 
the grinder shafts which mesh with 
mating gears on the motor shaft. 
The motors are mounted at a right 
angle to the grinder shafts on 
brackets attached to the pedestal. 
This installation has operated satis- 
factorily for six years and saved 
a considerable investment in new 
machinery. These grinders are 
moved wherever they will be most 
convenient for the manufacturing 
and assembling operations. 


teeth. They do not run in oil, but are 
merely greased once in a while, and 
they have not been renewed since in- 
stalled. Miter bevel gears are used on 
all drives. This design has proved to 
be both durable and satisfactory and 
has saved what would have been a con- 
siderable investment in new grinders. 


Plant Supt., DONALD A. HAMPSON. 
Morgans & Wilcox Mfg. Co., 
Middletown, N. T. 


Belt Maintenance Kinks Which 


Help to Avoid Trouble 


3 belting is one of the 
most extensively used means of 
transmitting power in the industrial 
world today and it is, therefore well 
to understand its proper care and oper- 
ation, not only in the large plant, but 
in the small one as well. Belts respond 
to good treatment in any plant. 

How many plants are not getting the 
full efficiency of their belts?, and How 
many are actually abusing their belt- 


ing?, are questions worthy of note and 


careful consideration. A large number 
of cases investigated have shown that 
only a little, or no knowledge of 
leather belt maintenance is costing the 
users a large sum annually in power 
losses. 

The general tendency seems to be to 
run belts tight, sometimes so tight as 
to pull countershafts and small equip- 
ment loose, and often breaking the belts 
or stretching them excessively. Because 
small belts usually give little or no 
trouble they do not present the prob- 
lem that the larger ones do, from the 
load standpoint. 

As engineer of a large concern, one 
of my duties consisted of the mainte- 
nance of over 1,700 leather belts from 
1 in. wide, up to two large belts 6 in. 
wide. A large number ran tight and 
were always giving trouble, as no 
means had ever been taken to solve the 
load problem. For four years these 
belts were treated regularly with 
Cling Surface belt dressing, and dur- 
ing this period gave satisfactory serv- 
ice. Then a fire damaged the plant. 

The engine room and two depart- 
ments were flooded with water and 
after the fire was put out it was evi- 
dent that the water had done the most 
damage. Many of the belts were sup- 
posedly ruined, but on closer examina- 
tion we found only six belts under 2 
in. wide were lost, and by fire at that. 
The remainder were practically 
unharmed, as the belt dressing was 
waterproof. Every one of these belts, 
with one exception, is running today 
under a slightly increased load. One 
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of the large 6-in. belts has been 
replaced by motor drives. 

A few suggestions on the care of 
belts may help other plant men. A 
belt should never be put on the pulley 
with the skin side out as this has a 
tendency to break down the dressed 
surface of the belt and weaken the 
fiber, especially on a short bend. New 
belts should be treated with dressing 
sparingly until broken in. After once 
getting a belt in proper shape with 
the right treatment it should be run a 
little slack to get the best results, 
except on vertical belts which some- 
times have to be snug but not tight 
enough to cause undue strain. These 
belts are often run to better advantage 
by using an idler or short-center drive 
to take up the slack. 

Motor belts are often taken up so 
tightly as to cause undue heating of 
the motor and rapid wear of the bear- 
ings. Proper attention to the belt 
would avoid this. 

Good belt dressing costs money, and 
many buyers prefer the cheaper 
brands. This policy of buying inferior 
dressing is a grave and expensive error 
in that it is money thrown away. Also, 
a belt dressing must be applied prop- 
erly and not too thick. On new belts 
no trouble is experienced, but on old 
belts full of grease and other foreign 
matter, a good dressing will if used 
with care, finally force all impurities 
and dirt through the grain and to the 
outside of the belt where they can be 
removed easily. This is an important 
factor and should never be ignored. 
A great mistake, made by many when 
using a liquid belt dressing, is that 
after a few applications, they give up 
in despair. It often takes weeks of 
treatment with constant supervision to 
get a belt in proper shape. 

_The belt that runs with the slack 
side the wrong way must be taken into 
consideration also. If the load is con- 
stant the belt can be treated the same 
as other belts. If it is necessary to 
take up such a belt, it should never be 
drawn too tightly. The larger the 
belt, the better the chance to eliminate 
power losses by maintaining it at the 
proper operating tension. 

Slipping belts often cause trouble by 
generating static electricity and have 
been the cause of a number of fires, by 
discharging a static spark into com- 
bustible gases, dusts, and so on. In 
several cases, oilers and operators have 
met with injury as a result of receiving 
a static discharge which caused them 
to fall or suddenly jump into danger. 
All of this could have been eliminated 
by applying the proper methods of 
using and treating belts. 

Good results may be obtained with 
canvas and rubber belts by giving them 
the same treatment with belt dressings, 
as in the case of leather belts, although 
the existing conditions must be studied 
to acertain the extent of treatment 
needed, and sometimes exceptions have 
to be made. 

Persistent effort and careful analysis 
of individual belt problems will more 
than repay those concerned for the 
time thus spent. Give your belts a 
chance, and they will do all that is 
expected of them. 


Auburn, N. Y. W. L. JOHNSON. 


INPUSTRIAL ENGINEER 


Keeping Pulleys True Improves 
Operating Conditions 

N SOME cases it is found that a 

wood pulley gets out of round after 
long and faithful service. Frequently 
this is due to a shock or intermittent 
load. This out-of-round-ness of the pul- 
ley imparts a jump to the belt it drives 
which is objectionable and accentuates 
the intermittent or shock load. The 
belt is under a stress due to the inter- 
mittent pull and also because it may 
have been installed with the short side 
or radius of the pulley up. In this way 
the countershaft is kept in constant 
vibration, and a stress is put on the 
lineshaft. 

Lineshafts which run out of true, 
as is often the case on lines of shaft- 
ing with many pulleys on them, are 
frequently the result of the pull of 
belts springing the shafts to one side. 
This is made more pronounced by those 
out-of-round pulleys which exert a jerk 
upon the shaft with each revolution. 
Sometimes this out-of-round condition 
is due to the wrong use of interchange- 
able bushings. It is seldom advisable 
to use bushings of one make with pul- 
leys of other makes, to mix old and 
new bushings, or to use mixed bush- 
ings of different es. Also home- 
made bushings seldom run true. In 
addition there is the natural warping 
of the wood when exposed for long 
periods alternately to dampness and 
heat. Any one or several of these con- 
ditions may be the cause of wood pul- 
leys getting out of shape. 

Our factory has made a practice of 
going over wood pulleys and correct- 
ing those which are in really bad con- 
dition. Any pulley more than & in. 
out of round is corrected, and on some 
machines this tolerance is usually cut 
in half. 

The pulleys are taken down and their 
periphery turned in the lathe. We 
have three arbors which correspond to 
the three sizes of lineshafting in the 
plant. The pulleys are mounted upon 
these arbors, using the identical bush- 
ings and bolts in the pulley. After 
being turned, the pulleys are given one 
coat of orange shellac, which is allowed 
to dry, and is then sandpapered and 
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another coat applied before they are 
returned to service. This work is done 
when the particular machine driven is 
not in use. The work is ordered on a 
form which is made out after inspec- 
tion and notifies the Maintenance 
Department that a certain pulley is to 
come down when the machine driven by 
it is taken out of service for sufficient 
length of time. 


Adjustable Holder for Applying 
Stick Belt Dressing 
B ELT dressing ordinarily comes in 
the form of a thick semi-liquid 
or in sticks. The semi-liquid dressing 
is usually heated and applied with a 
brush to the belt when in motion. Stick 
dressing is held against and moved 
across the surface of the moving belt 
and the friction wears or melts off some 
of the dressing. 

Although the stick type of dressing 
is commonly held in the hand when ap- 
plied it is a somewhat hazardous proc- 
ess, particularly on high-speed belts, 
where metal or other fasteners are 
used, or when the stick is worn short. 
A safer method, as recommended by 
the National Safety Council, Chicago, 
III., is to use the adjustable holder, 
shown in the accompanying illustration, 
when applying stick dressing. This 
holder was made by D. S. McEachern, 
fire and safety engineer, Semet-Solvay 
Co., for such use. 

When applying the dressing, the 
holder should be held at right angles 
to the belt. The head of the holder 
may be adjusted to the proper angle 
by loosening the %-in. wing nut, ad- 
justing the holder to the position de- 
sired, and then tightening the nut. The 
dressing should be applied to the out- 
going side of the belt so that in case 
the stick dressing should catch on a 
belt fastener, the holder would be 
thrown out of the operator’s hands and 
away from the pulley. Also, when 
applying semi-liquid dressing with a 
brush it is safest to hold the brush to 
the outgoing side of the belt at the 
pulley so that the hand or brush are 
not pulled into the pulley as would 
otherwise be the case. 


With this adjustable holder the 
operator runs less risk of injury 
when applying stick belt dressing. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contribution are always welcome. 


Wire Used as Gage When Boring 
Babbitt Bearings 
SPECIALTY factory with no 
metalworking department has an 
all-around repairman who does the 
work of electrician, mechanic, carpen- 
ter, and anything else there is to do. 
Among his activities is the care of a 
number of motors, even to their rebab- 
bitting. However, he has no lathe and 
so sends his babbitted bearings to a 
near-by machine shop for finishing. 
The method of obtaining the correct 
bore is unique. He owns micrometers 
and measures his shafts accurately. He 
then takes a piece of wire, points it at 
both ends, smooths the ends off, and 
sends it to the machine shop with 
instructions to bore the hole so that 
when the piece of wire is held upright 
in it there will be a swing of & in. at 
the top while the bottom is held station- 
ary. This is a simple and easily-made 
gage, which so far has given satisfac- 


tory results. DONALD A. HAMPSON. 


Plant Superintenden 
etn pir & Wilcox Mfg. Co., 
Middletown, N. Y. 


Easily-Made Pipe Supports 


for Workbench 


ERE a small workbench is de- 
sired, for either temporary or 
permanent use, the pipe frame con- 
struction, shown in the accompanying 
sketch, is very satisfactory. This can 
be easily made up in any convenient 
width or length, as practically every 
shop has the necessary tools for doing 
the work. It is not necessary to use 
new pipe, as such a bench can be made 
up of discarded pieces. 


Wooden top is 
e 


This bench support is easily made 
from short pieces of pipe and 
standard fittings. If unions are 
placed in each of the diagonal 
struts, the supports may be taken 
apart to make for easier moving. 


The method of assembling the legs 
and the diagonal struts gives a rigid 
construction. If it is desired to make 
such a bench portable, unions may be 
added to the diagonal struts so that 
they may be easily taken apart. The 
wooden bench top may be secured to 
the supports with hook bolts or straps, 
whichever is the more desirable, espe- 
cially if the bench is to be taken apart 
to be moved. 


Washington, D. C. G. A. LUERS. 


Comment on 
“Laying in a Chorded Split-Loop 
Winding” 

N THE September issue of INDUS- 
TRIAL ENGINEER, A. C. Roe shows 
a diagram of a split-loop winding. I do 
not understand how the leads are con- 
nected to the commutator bars nor what 
connections are made with leads 1 and 
12, for example. I would like to see a 
diagram of the winding connected to a 

12-bar commutator. 


Los Angeles, Calif. JOHN BANTOU. 
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This type of winding can be used for 
armatures having as many bars as 
slots when using two wires in hand, or 
for three times as many bars as slots 
when using three wires in hand. How- 
ever, this winding is generally used 
only with armatures having two or 
more times as many bars as slots. In 
the chorded split-loop winding the wire 
is not cut after winding each coil ex- 
cept to put on sleevings. 

One sleeve for each coil is all that is 
needed for low-voltage machines. The 
sleeves should be put on all of the start- 
ing leads. Then instead of cutting the 
wire, a loop is made at the end of each 
coil. One side of the loop should be 
long enough to use as the finishing lead 
of the coil just wound, while the other 
side of the loop forms the starting lead 
of the next coil. Fig. 1 shows the coils 
all in place without being cut from 
start to finish. This is the same as Fig. 
2 in the September issue. The begin- 
ning of the winding is at the free lead 
F™ in slot 7. 

After testing for opens, shorts and 
grounds, the next step is to cut open 
each closed loop, as shown in Fig. 2. 
This divides the winding into 12 com- 
plete coils and each slot contains a 
starting and a finishing lead, which ap- 
plies to all two-layer armature wind- 
ings. The table with Fig. 2 gives the 
lead numbers in each slot; thus we find 
the finishing lead of coi] 11, or F™, and 
the starting lead of coil 1, or S’, in slot 1. 


These numbers are also used to 
designate the coils and the sequence in 
which they are put on the armature. 

We now have the windings separated 
into 12 coils, as in any two-layer 
winding, except that the formed coils 
are placed in adjacent slots in consecu- 
tive order. The bottom or starting 
leads and top or finishing leads are 
brought out in regular order, which 
makes it an easy matter to lay down 
the bottom leads. In any hand-wound 
armature, that is, an armature on which 
the coils are wound directly into the 
slots from the reel of wire, the starting 
leads &“, ©, and so on, are considered 
the bottom leads and the finishing 
leads, F., F, and so on, are considered 
as the top leads. 

The next step is to find the bottom 
leads of consecutive coils in adjacent 
slots. In hand windings the best coil 
to start with is the last coil put on 
which is always visible, such as coil 12 
in Fig. 2. The starting or bottom lead 
S' is in slot 2. Now assume that in 
this armature the leads are brought 
over to the commutator bars on the 
center line of the coil with lead S” bent 
in towards the bars between slots 4 and 
5. Using the last coil prevents the 
chance of making the costly mistake 
of bending the lead of S” around the 
opposite side of the armature to bars 
between slots 10 and 11. 

After sorting out the start or bottom 
leads from the finish or top leads in 
each slot, as has been done in Fig. 2, 
and putting down the bottom leads of 
the last coil, we next take the bottom 


Fig. 1—Complete winding diagram 
for a chorded split-loop winding. 


In this diagram the top half-coils 
are represented by black dots, while 
the circles with crosses in them in- 
dicate the location of the bottom 
half-coils. Si is the start of the first 
coil, F? is the finish of the first coil, 
8? is the start of the second coll and 
so on through the winding. 
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lead in the adjacent slot in a clockwise 
or counter-clockwise direction. The di- 
rection of pick-up does not matter pro- 
viding we choose a bottom or starting 
lead each time from an adjacent slot, 
and that the leads are put in commu- 
tator bars on the proper side of the last 
coil leads. This means that no leads 
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Fig. 2—Procedure in connecting a 
chorded split-loop winding to the 
commutator. 

Letters A, B, O, and so on indicate 
the coil sequence and direction of 
pick-up. Starting leads (81, 8?, etc.). 
and finishing leads (F., F, etc.), in- 
dicate the order of winding. The 
table shows the leads that are 
placed in each slot. 


should be crossed over the first leads 
put down, but should be placed in back 
of or ahead of the first leads, according 
to the direction of pick-up. 

In Fig. 2 the letters A, B, C, and so 
on marked on each coil indicate the di- 
rection of pick-up and the coil sequence. 
Let us first select the bottom lead S” 
of coil A in slot 2 and put it down as 
explained above. Then S” of coil B is 
placed in slot 3; lead S°, coil C, in slot 
4; and so on until all the bottom leads 
have been laid. If the starting and finish- 
ing leads have been properly marked 
while winding and the coils wound in the 
correct order, there will not be any 
chance of mistakes in following the 
above procedure. Suppose a mistake 
were made in marking leads F and S”, 
for example, and the finishing lead F” of 
coil 7 or I were marked S” while con- 
necting. Then we put down lead F 
after lead 8“ and coil J would be in a 
strong magnetic field when under com- 
mutation. This would cause sparking, 
heating of the winding and jerky opera- 
tion of the armature. 

In Fig. 2 the coil numbers which 
show the order of winding each coil 
onto the core are given under the let- 
ters, which indicate the sequence of 
connecting the coils in the proper or- 
der to the commutator. Thus, coil A 
is coil 18 or the last one wound and 
the first one connected to the commuta- 
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tor. Coil B is the tenth coil wound on 
and the second connected; coil C is the 
eighth coil wound on and third coil 
connected, and so on. 

Comparing the winding order, as 
coils 1, 2, 8, with the order of connect- 
ing, the bottom lead of coil 1 is the last 
bottom lead put down; coil $ is the 
sixth coil connected and coil 3 the 
eleventh to be connected. It is obvious 
what would happen if the leads were 
put down in the same order as the coils 
are wound, or if they were placed 
without cutting open the loops. 
Wilkinsburg, Pa. A. C. ROE. 


Simple Device for 
Removing Pinions or Pulleys 
from a Shaft 


A SIMPLE device which I have 
found to be very handy for remov- 
ing pinions or pulley from a shaft is 
shown in the accompanying illustration. 
To make this puller, bore a hole length- 
wise of the center through a piece of 
3-in. shafting, 8 in. long, and tap it for 
a standard 1%-in. bolt. Make the 14- 
inch bolt 22 in. long pointed on one end 
and square on the other. Thread this 
bolt for practically its entire length and 
screw it into the piece of shafting. The 
pointed end of the bolt should be just 
sharp enough not to slip out of the 
shaft center when the puller is in use. 

Three pieces of flat iron, % in. by 
2 in. by 10 in., should be welded at 
right angles to the shafting, as shown, 
spacing them 120 deg. apart. These 
pieces should be welded very securely 
to the shaft as the usefulness of the 
puller depends on the strength of the 
welded joints. 

Three pieces of flat iron, 5% in. by 
1% in. by 8 in., should be used as 
braces, with one end welded to the 
shafting and the other end to the hori- 
zontal 10-in. pieces. These braces must 
have their ends cut at an angle so that 
they will make a good fit and can be 
neatly welded. 

Four holes 1 in. in diameter, for the 
puller hooks, should be drilled approxi- 
mately 2 in. apart in the 10-in. arms. 

The puller hooks consist of three 
pieces of %-in. round iron, 22 in. long. 
Bend these at right angles, 2 in. from 
each end, so that one end can be hooked 
into the puller arm and the other end 
back of the pulley or gear to be re- 
moved from the shaft. Three sets of 
hooks should be made, so that on small 
gears or pulleys the set will be easier 
to handle. We use three sets of hooks 
of the following lengths: 8 in., 14 in., 
and 20 in. All of these are made of 
%-in. round stock. 

In operation the puller is placed 
against the gear or pulley to be re- 
moved, with the hooks inserted in the 
holes in the puller arms which will 
bring them as close as possible to the 
face of the pulley. The other ends of 
the hooks should be placed behind the 
gear or pulley. The 1%-in. bolt may 
then be screwed against the shaft with 
a wrench, thus forcing the gear or pul- 
ley off the shaft. 

The puller described above was 
made for heavy service and weighs 
about 35 lb. Lighter material could be 
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used, but the above specifications are 
recommended. As an example of what 
this puller can do fan spiders have 
been removed from a 2?§-in. shaft 
when they fitted so tightly that we had 
to use a 86-in. wrench on the bolt, 
with a piece of 2-in. pipe slipped over 
the handle for extra leverage. 


Flatiron, f x dd” 
* x 8 ww 


pulley is removed from 


A gear or 
its shaft by 


screwing in the 
threaded bolt. 


If the bolt should become jammed 
and hard to move, run it through a 
threading machine. Also tap out the 
threads in the shafting, so as to keep 
the puller working freely at all times. 
Different hooks may readily be made 
to fit special gears or pulleys and can 
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always be reused. 


Chief Electrician, 
Shevlin Hixon Co., 
Bend, Ore. 


Simple Method of Removing Fan 
Stators From Frames 


UITE often in removing stators 

from the drawn steel frames of 
8-in. to 16-in. Westinghouse fans, con- 
siderable damage is done to the wind- 
ings. The following simple procedure 
has been used with success in some 
shops, for the purpose of preventing 
such injury. 

A 16-in. fan frame is 4 29/32 in. out- 
side diameter. The core is 4% in. out- 
side diameter which makes the thickness 
of the frame or shell approximately 
5/32 in. When the end frame is re- 
moved from this size fan the core or 
laminations protrude approximately 
34 in. beyond the frame. Take a piece 
of 4%-in. iron pipe about 4 in. in length 
and bore it out to 41d in. for a dis- 
tance of 2% in. from the end. Face 
the end off straight while the pipe is in 
the lathe, using a tool that will leave 
a square shoulder at one end of the 
bore to prevent the core from jamming 
in the pipe. 

Place the part of the core protruding 
from the frame into the pipe with the 
5/64-in. shoulder resting on the end of 

e pipe that was faced off and while 
holding it in this position and keeping 
the fingers clear of the ‘joint thus 
formed, strike the other end of the pipe 
on a block or solid bench with enough 
force to drive the core out of the motor 
frame or shell. 

This same method can be applied to 
fans of other sizes, by using the proper 
size of pipe, and it will be found that 
the time and labor saved on the first 
few jobs will more than justify the 
expense of making these tools for the 
various sizes of fans. 

Denver, Colo. JOHN E. HOLTMAN. 


New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical 5 plage de in- 


terested in these new devices which are 


improve 


plant operation or reduce operating and maintenance costs. 


Flux to Use in Gas Welding 


FLUX for oxyacetylene welding 

has been placed on the market by 
the Hoxite Co., Stamford, Conn. Tests, 
which have been conducted with the 
flux, are said to show good results on 
cast iron, malleable iron, aluminum, 
government bronze, Monel metal, brass, 
semi-steel and other metals. 

Some of the characteristics claimed 
for the flux are that it will not blow 
off the welding rod, that there is no 
frothing, and that it gives off no dis- 
agreeable fumes. 
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New Roller-Bearing Motor 


FTER two years of experimental 

and development work, the Allis- 
Chalmers Mfg. Co., Milwaukee, Wis., 
has placed on the market a complete 
line of 25- and 60-cycle squirrel-cage 
and slip-ring, induction motors in rat- 
ings up to 200 hp., equipped with Tim- 
ken tapered roller bearings. These 
motors are being produced in addition to 
this company's well-known line of 
sleeve bearing motors. After designs 
of bearings and mountings had been 
made, a number of motors of various 
sizes were built and tested under actual 
operating conditions of belt, gear, 
chain and coupled drives, for a suffi- 
cient length of time to insure satis- 
factory service before the line of mo- 
tors was put on the market. 

The bearings are mounted in dust- 
proof, grease-tight enclosures and 
packed in grease so that further lubri- 
cation is required only at infrequent 
intervals. The bearings are mounted 
with a light press fit for both the cone 
and cup and do not require the use of 
a lock nut or other means of holding 
the races in place. This also facilitates 
the removal of the bearings. 

In addition to the bearings, special 
attention has been given to many other 
features of design in this line of motors. 


The frame is made of steel with feet 
cast integral, so as to withstand 
shocks when used with crushers, grind- 
ers and other machinery. In applying 
the motors to Allis-Chalmers centrifu- 
gal pumps, severe conditions of mois- 
ture are often met; hence the coils are 
thoroughly insulated with waterproof 
varnish and baked. In saw mills, flour 
mills and cement mills, motors must 
operate in very dusty and dirty places. 
The openings in the housings and 
frames for ventilation are so placed in 
vertical planes, that falling objects can- 
not enter the motor. 
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Right-Angle Spur Reducers 


HE new line of IXL right- angle 
drive spur reducers recently devel- 
oped by Foote Bros. Gear & Machine 
Co., 215 N. Curtis St., Chicago, III., is 
designed to meet the requirements for 


reduction gears that must operate in 
confined spaces where sufficient room 
is not available for the mounting of 
standard straight-line drive units and 
where it is necessary to change the 
direction of the power drive. This 
reducer is very similar in appearance 
to the standard, straight-line drive 
speed reducers except that the high- 
speed shaft projects at right-angles to 
the axis of the slow-speed shaft. The 
change in direction of the power drive 
is accomplished by means of bevel or 
miter gears mounted in the high-speed 
end. The secondary bevel or miter 
gears are mounted on the high-speed 
driving shaft which is concentric with 
the slow-speed shaft. 

Except for the addition of the bevel 
gears in the high-speed end, the design 
of the machine is identical with the 
standard IXL non-planetary spur gear 
speed reducer. The high-speed pinion 
is integral with the high-speed shaft 
and delivers the power through three 
idler gears set at 120-deg. angles to a 
large rotating integral gear, which is 
securely fastened to the slow-speed 
shaft. The high-speed pinion, together 
with the idlers, internal gear and slow 
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speed shaft, comprise the entire me- 
chanism for a single reduction train 
which can be repeated to secure greater 
reduction ratios. 

By changing the size of the pinion 
and internal gear and the relative size 
of the bevel gears in the high-speed 
end, it is said that almost any desired 
relation may be obtained between the 
speeds of the high-speed and low-speed 
shafts. The manufacturer produces 
these right-angle spur reducers in a 
large variety of standard sizes and re- 
duction ratios, in horsepower capac- 
ities ranging up to 150 hp. and reduc- 
tion ratios as high as 350 to 1. 
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Flexible Couplings for Shafts 


HE accompanying illustration shows 

the construction of the Pool fiexi- 
ble coupling which is announced by The 
Poole Engineering and Machine Co., 
Baltimore, Md. This coupling con- 
sists of six parts: two hubs having an 
external gear on each meshing with in- 
ternal gears in two sleeves which are 
bolted together and two aligning rings 
which are fitted in the two sleeves. 
The outer faces of the teeth on the 
hub are formed spherically, which, it 
is stated, provides a self-aligning 
bearing for the connecting sleeve, so 
that if the two shafts are out of align- 
ment the sleeve assumes a neutral 
position with a lubricated bearing on 
the spherical surface of each shaft 
hub. This coupling is enclosed and so 
is protected from dust and dirt and 
is said to operate equally well in either 
direction on continuous or reversing 
service, and at high or low speed. All 
parts are made of high-carbon, forged 
steel and are interchangeable. Oil 
holes are provided in one side of the 
coupling flanges, into which oil should 
be poured until it runs around the 
shaft hub. When the coupling is run- 
ning, the oil spreads out under the 
pressure so that the sleeve bearings and 
gear teeth operate in a bath of oil. 
Any good grade of lubricating oil can 
be used. These couplings have been 
designed, it is claimed, so that they are 
stronger than the connecting shaft and 
can be used on any shaft without con- 
sideration of a utility factor. Coupling 
ratings are given, however, which indi- 
cate the maximum horsepower the 
coupling will transmit under good 
service conditions, at 100 r.p.m. Factors 
are used for severe conditions. 
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Machine Limit Switch 


MACHINE limit switch of com- 

pact design has been developed by 
the Monitor Controller Co., Baltimore, 
Md., with over-all maximum dimen- 
sions of 4 in. by 2% in. by 2% in. 
This switch is designed to handle pilot 
circuits of d.c. or a.c. starters and con- 
trollers and, it is said, can be used as 
a limit switch to provide overtravel 
provision, as an interlock switch on 
machines, or for other similar purposes. 
It is constructed to be dust-tight. This 
switch is made in two types; one type 
has normally open contacts and the 
other has normally closed contacts. 
The standard type of construction has 
copper-to-copper contacts of large size 
which, it is stated, operate under heavy 
contact pressure. For special applica- 
tions, these switches can be provided 
with silver contacts. 


Worm Reduction Gear for 


Vertical Shaft Drives 


HE accompanying illustration 

shows a worm reduction gear for 
vertical shaft drives recently developed 
by the DeLaval Steam Turbine Co., 
Trenton, N. J. The gear casing sup- 
ports the worm bearings and also the 
lower bearing of the driven shaft. 
while the upper shaft bearing is held 
by the casing cover. The oil is car- 
ried at such a level that the worm and 
gear wheel dip into it, thus insuring 
ample lubrication. The lower wheel 
shaft bearing is always immersed in 
oil and has spiral oil grooves. 

A small reciprocating oil pump is 
incorporated in the casing cover to 
provide oil for the upper whee] bearing 
and thrust plate. The plunger of the 
pump projects downward against a 


cam, which is located just outside of 
the thrust plate of the bearing. The 
rotation of the cam actuates the 
plunger which, by means of ball check 
valves, draws in oil through the suction 
pipe projecting from the under surface 
of the cover down into the oil in the 
casing. Suitable filling and drainage 
openings, together with a try-cock, 
provide for control of the oil level. 
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For larger, high-speed reductions, 
where it is not desirable to immerse the 
worm and wheel on account of fluid 
friction, a positive pressure oiling 
system is used to feed oil to all the 
bearings and to the worm threads and 
gear teeth at the contact points. A full 
line of these drives is made and drives 
can be furnished with the shaft extend- 
ing either upward or downward. 


Drop-Forged Bench Vise 


NEW line of drop-forged bench 
vises, one of which is shown in the 
accompanying illustration, has been 
brought out by The Fulton Drop Forg- 
ing Company, 112 So. Main St., Canal 
Fulton, Ohio. These are sold under the 


trade name of the Dropfo vise and are 
made with either a solid stationary 
base or with the Wedgelok swivel base. 
These vises are made entirely of inter- 
changeable drop-forgings in four sizes: 
3 in., 4 in., 5 in. regular and 5 in. 
heavy duty, and it is stated that the 
various sizes of these vises weigh less 
than the corresponding sizes of ordi- 
nary vises. The jaw plates are knurled 
as they are forged and are doweled on. 

The swivel type is so constructed that 
tightening the jaws automatically tight- 
ens the base, or it may be tightened 
independently where it is desired to use 
it as a stationary vise. 


Small-Coil Winding Machines 


NNOUNCEMENT is made of the 
production of a small bench type 
coil winding machine for winding small 
solenoids, by the Armature Coil Equip- 
ment Co., 2415 Forestdale, Ave., Cleve- 
land, Ohio. The machine, which is 
shown in the accompanying illustration, 
is operated by a 4 -hp., 1,800- or 1,200- 
r.p.m., ball-bearing motor. The wind- 
ing spindle in the headstock is also 
provided with ball bearings. Control 
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over starting and stopping is through 
the foot treadle and clutch in connec- 
tion with a brake. A three-jaw, 3-in. 
universal chuck is provided for holding 
any job or fixture. A four-wheel Veeder 
counter of 10,000 turn capacity which 
resets to zero with one turn of the 
crank, is attached. The bracket for 
receiving supply spools has a tension 
device working against the side of the 
spool through a spring tension which can 
be adjusted quickly to suit the needs of 
any particular job. 


— 
Magnetic Switch for High 
Frequencies 
NEW enclosed switch, bearing 


the designation CR-7006-S-3, has 
been placed on the market by the 
General Electric Co., Schenectady, 
N. Y. This switch was designed for 
wood-working applications where fre- 
quencies higher than 100 cycles are 
necessary. A special coil and magnet 
frame construction is used, without 
increasing the over-all dimensions of 
the switch. The rating of the switch 
varies according to the frequency of 
the circuit on which it is used; at 120 
cycles, it will be operated on 220 volts; 
at 150 cycles, on 275 volts; at 180 
cycles, 830 volts, and so on for any 
other corresponding intermediate volt- 
age and frequency. The switch is 
built in two-pole form to conserve 
space and provide one disconnecting 
switch for all motors. 


Power-Driven Pipe Tool 


NNOUNCEMENT is made of a 

new power-driven pipe threading 
and cutting tool by The Borden Co., 
Warren, Ohio. This is known as the 
No. 44 Beaver power drive, in which 
the pipe revolves while the tools are 
stationary. The unit weighs 230 lb., 
is portable, and is operated by a 4-hp., 
heavy-duty motor. It is stated that any 


type of pipe threading tool may be 
used in connection with this outfit, to 
handle pipe ranging from & in. to 2 in. 
diameter, inclusive. By means of a 
universal shaft this unit may be used 
to drive a No. 41 Beaver die stock for 
cutting threads on 2 in. to 4-in. pipe, 
or with a No. 61 Beaver die stock to 
cut threads on 2%-in. to 6-in. pipe. 
The socket end of the shaft has a 
standard opening so that it will fit into 
the square of the pinion on any make 
of geared die stock. 
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Trade Literature 


you should know about 


Copies of 


are mentioned. 


literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Stationary Tachometer—Bulletin 1080 
describes a new Jagabi Type B sta- 
tionary tachometer which operates 
on a centrifugal principle, runs in 
either direction, and may be used for 
the continuous indication of speed.— 
James G. Biddle, 1211-13 Arch St., 
Philadelphia, Pa. 

Small Motors—A circular, Form 308 
illustrates and describes the principal 
features of this company’s single- 
phase, %- to 5-hp., repulsion-induction 
motors, direct-current motors of % 
to 1% hp., and polyphase (two- or 
three-phase) motors of % to 7% hp. 
—Master Electric Co., Linden and 
Master Aves., Dayton, Ohio. 

Automatic Switching Equipment—Cir- 
cular 67716-A, Class 17, describes 
automatic switching equipment for 
indoor a.c., reclosing feeder service 
from 440 to 7,500 volts, lists its ad- 
vantages, describes the mechanism 
and principle of operation.—General 
Electric Co., Schenectady, N. Y 

Cable Splicer—A circular describes a 
method of splicing cable conductors 
by the use of the Canton, a special 
cable splicing clamp around the 
overlapped ends. With this clamp, it 
is claimed that a 300,000 circ. mil 
cable can be spliced in 10 min. with 
4 in. of overlapped ends.— The Amer- 
ican Mine Door Co., Canton, Ohio. 


Ball-Bearing Motors—A circular de- 
scribes the Marble-Card ball-bearing 
d.c. motors and generators in Sizes 
from % to 75 hp.—Marble-Card Elec- 
tric Co., Gladstone, Mich. 

Window Cleaning Solution—A circular 
describes Sunburst, which is claimed 
to be a harmless liquid which will 
quickly remove deposits of carbon, 
grime or rust from factory windows 
and skylights without injuring the 
paint, putty or frames. — The 
Guerson-Stewart Corp., E. 76th and 
W. & L. E. R. R., Cleveland, Ohio. 


Graphic Pressure Recorders— Bulletin 
625 describes the use of graphie 
pressure recorders, their construction 
and use.— The Esterline-Angus Co., 
Indianapolis, Ind. 

Grease —A circular describes Kent 
grease which is recommended for use 
on gears and bearings in connection 
with a grease gun system of pressure 
lubrication.— Kent Lubricating Co., 
Colby-Abbott Bldg., Milwaukee, Wis. 


Fusible Primary Cutout—Circular 
GEA-99 describes and illustrates the 
expulsion Type E, Form A, fusible 
primary cutout rated at 30 amp., 
which is porcelain housed and suit- 
able for use on circuits carrying up 
to 7,500 volts—General Electric Co., 
Schenectady, N. Y. 

Water Softener—Bulletin 509 describes 
the Zeolite water softener which pro- 
vides water without hardness by the 
pressure filter method. — Graver 
Corp., East Chicago, Ind. 


Belt Cutter—Circulars describe the 
K-D belt cutter which may be ad- 
justed to cut or trim down belts to 
any width desired.— The Klinger- 
Dills Co., 129 N. Jefferson St., Day- 
ton, Ohio. 

Automatic Motor Starters—Bulletin 
1016-B describes the E. C. & M. auto- 
matic motor starters for non-revers- 
ing, direct-current motors. These are 
made in two general designs accord- 
ing to the manner of mounting the 
apparatus, and the rating.— The 
Electric Controller & Mfg. Co., Cleve- 
land, Ohio. 


Hand-Operated Air Hammer — Circu- 
lars describe the Maxson air hammer 
which is operated by a hand crank, 
and is claimed to be able to deliver 
from 750 to 1,500 effective blows per 
minute. This hammer does not re- 
quire any electric or air connection 
and, it is said, will bite %4-in. to 1%- 
in. holes through concrete at the rate 
of 1 in. per min. It may also be 
used for rivet driving and with chip- 
ping tools—Maxson Sales Co., Mon- 
adnock Bldg., Chicago, III. 


Squirrel-Cage Motors — Circular GEA-6 
describes the 500 Series of general- 
purpose, continuous-duty, constant- 
speed, squirrel-cage motors of 15 to 
150 hp. at 220, 440, 550 and 2,200 
volts, and the types of control equip- 
ment used.—General Electric Com- 
pany, Schenectady, N. Y. 


Insulation Resistance Testing—Bulletin 
180 describes the Model D Megohmer, 
Bulletin 125 the Junior Megohmer, 
and Bulletin 135 the 2-in-1 Megoh- 
mer. Each bulletin shows the appli- 
cation of these in making insulation 
resistance tests.—Herman H. Sticht 
& Co., 21 Park Row, New York City. 


Ventilation Equipment—Circulars de- 
scribe and show applications of the 
Norblo exhaust fans which are de- 
signed to meet varying conditions and 
hard service.—The Northam Blower 
Co., W. 65th St. and Wheeling & 
Lake Erie R. R., Cleveland, Ohio. 


Adjustable Lighting Fixtures—Catalog 
3 describes the Axcess system of ad- 
justable lighting fixtures which may 
be applied to benches, machines or 
cabinets to adjust the light within 
convenient range of the work.—Sam- 
son Axcess System, Inc., Lynn, Mass. 


Condulets—Folder 27 and Bulletin 2076 
describe and give dimensions of the 
screw-cover, junction condulets which 
are made in 2½- in. and 3'4-in. diam- 
eters.—The Crouse-Hinds Co., Syra- 
cuse, N. Y 


Mechanism-Operated Multi-Pole Switch- 
es—Bulletin 116 describes the 8800 
Type, mechanism-operated, multi- 
pole switch designed for horizontal 
mounting and built for all standard 
voltages from 15 to 132 kilovolts and 
amperages of 300, 600 and 800. This 
switch is designed for line sectional- 
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izing, substation switching, or for 
any condition where a ruggedly- 
built, easy-operating switch is re- 
quired for horizontal mounting.— 
lectrical Engineers Equipment Co., 
710 W. Madison St., Chicago, III. 
Ball Bearings—Price lists and descrip- 
tive matter cover the Gurney deep- 
groove, radial and double-row ball 
bearings. — Marlin-Rockwell Corp., 
402 Chandler St., Jamestown, N. Y. 


Valves—A circular describes Valve 
No. 7, a many-purpose valve with a 
quickly renewable disk.—Crane Co., 
836 S. Michigan Ave., Chicago. 


Small Motors—Folders describe the Ja- 
nette special motors rated from 1/20 
to 1/3 hp. for a.c. and d.c. current. 
Special attention is given to the 
bearings and the method of lubrica- 
tion—Janette Manufacturing Co., 
556-558 W. Monroe St., Chicago, III. 


Transformer Data— No. 5 of a series of 
monthly bulletins contains four in- 
teresting data sheets on the connec- 
tion of transformers. —Moloney Elec- 
trie Co., St. Louis, Mo. 


Switchboard Instruments Circular 
GEA-25 describes round- pattern, 
switchboard instruments, 7% in. in 
diameter, for alternating or direct- 
current service. Circular 66016-A 
describes horizontal, edgewise alter- 
nating or direct-current switchboard 
service instruments.—General Elec- 
tric Co., Schenectady, N. Y 


Socket Wrenches—Catalog B describes 
the Snap-on interchangeable socket 
wrenches and attachments’ with 
square or hexagonal sockets for use 
on automobiles or industrial work. 
Giant socket sets are provided for 
the larger sizes of nuts.—Motor Tool 
Specialty Co., 14 E. Jackson Blvd., 
Chicago, III. 


Expansion Shells—A circular describes 
the Phillips self-drilling, expansion 
Shells for attaching pipe hangers and 
other similar purposes. One end of 
the shell is arranged as a drill, ex- 
pands while drilling, and the shell 
remains in the ceiling. The hanger 
or other equipment is screwed into 
the shell.—Phillips Drill Co., 1537 
Cortland St., Chicago, III. 


Counters—A series of sectional cata- 
logs describe the numerous types of 
small counters for counting revolu- 
tions or strokes, elevator mileage re- 
corders, special counters for textile 
machinery which record operation in 
yards or other units, and magnetic 
counters which may be placed at 
some distance from the machine on 
which the record is taken. — The 
Veeder Mfg. Co., Hartford, Conn. 


Glare Prevention—A circular describes 
“Blu-EE” which is a special prepara- 
tion to place on window glass, par- 
ticularly on skylights and west win- 
dows, to prevent eyestrain it is 
claimed, by eliminating shadows and 
glare. It is also claimed that the use 
of this material will help to kee 
the plant cooler in summer.—Par 
Chemical Co., 3818 Edwards Road, 
Cincinnati, Ohio. 


Carbon Brushes—A catalog describes 
and lists Carenco carbon brushes for 
motors and generators, gives instruc- 
tions for ordering and descriptions of 
the various grades, with illustrations 
of the different types and their ap- 
plications.—Carbon Engineering Co., 
1700 Sth Ave., Milwaukee, Wis. 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


Founded 1882 as Hi 
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Exioe 


Dependable 


That’s why so many Exide-Ironclad Batteries 
are used to drive industrial trucks and 
tractors in factory service. 


THE ELECTRIC STORAGE BATTERY CO., Philadelphia 
Exide Batteries of Canada, Limited, Toronto 
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High efficiency over an exceptionally wide 
range has always been an outstanding charac- 
teristic of Allis-Chalmers electric motors. Ex- 
cellent design, consistently developed, and the 
use of carefully chosen materials have resulted 
in matchless operating economy and endurance 
in all types of Allis-Chalmers motors. 


Allis-Chalmers mechanical superiorities are 
emphasized in the Type AR“ induction motor 
equipped with Timken Tapered Roller Bear- 
ings. Their greater load area for space occupied 
permits shorter, more rigid shafts. Their free- 


dom from friction makes it unnecessary to 
lubricate more than a few times yearly at the 
very most. Their extreme resistance to thrust, 
shock and every form of wear maintains the 
gap for the life of the motor. 


In bearings, as in frames, cages, windings, fan, 
and every other factor of design and con- 
struction, each type of Allis- Chalmers motor 
represents the higher value made possible by 
the scope of Allis-Chalmers activities, and by 
the wide acceptance of Allis- Chalmers prod- 
ucts. Send for Motor Bulletin 1132. 


ALLIS-CHALMERS MFG. COMPANY, MILWAUKEE, DISTRICT SALES OFFICES IN ALL PRINCIPAL CITIES 
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Standards of 
Design and 
Performance 


with some pointers for 
buyers who want to get 
their money's worth 


HEN you go into a plant these 

days and talk with the engineers, 
superintendents and those who act as 
company purchasing agents, at some 
time in the conversation the word 
“standardization” will be used, and in 
almost every such conversation it will 
have from two to ten different interpre- 
tations. 

The impression seems to be current 
that standardization is the offspring of 
efficiency, which some years ago was 
an over-worked word in the language 
of those who are now known as effi- 
ciency experts. Be that as it may, the 
fact is that “efficiency” and “stand- 
ardization” are merely words in the 
minds and results of those who simply 
buy equipment of one make and put it 
to work without a thorough analysis 
of the job to be done and the results 
that are to be secured in terms of cost, 
time factors, quality and improvements 
in keeping with the progress of the 
art of which the job is a part. 

Henry Ford for more than 16 years 
has made a road vehicle in which 
nearly every part today is interchange- 
able with every part of the original 
model. But today there is hardly a 
single part that is made of the same 
material or made in the same way as 
the original parts. This is a standard 
vehicle in which the construction has 
been standardized, but in making this 
standard model possible, nothing in 
production methods has been stand- 
ardized. On the contrary, the process 
of production has been one of continual 
change in materials, machinery, and 
methods, so as to improve the result 
and bring about better quality and 
durability. 

Today when a plant superintendent 
thinks he is standardizing by buying 
all of one make of motor, starter, in- 
strument or any other electrical tool 
used in production operations, he is 
simply fooling himself and thinking 
more about the price he can get on a 
quantity purchase of a single make 
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rather than about the job that he is 
responsible for and his need for equip- 
ment that will place him in a position 
to secure the best results at the lowest 
operating cost. First cost in any in- 
vestment in plant equipment is by no 
means the total cost, and many a low 
first cost has turned out in years of 
service to be an excessive total cost. In 
the studies that have shown this to be 
true, durability, reliability and quality 
of design and materials used have been 
the factors that have told the tale. 
The thing that plant superintendents 
should study these days about the pro- 
duction tools they buy, in addition to 
their use, is standards of design and 
construction and in these matters as 
regards electrical devices there is no 
excuse for being in the dark. On this 
page I am showing the cover of a 
publication that in almost its present 
form is more than ten years old and 
now contains 245 pages. This volume, 
The Electric Power Club Handbook 
of Standards, gives details of design 
standards for practically all electric 
power apparatus used in an industrial 
plant as made by 81 leading manufac- 
turers. In this group, for instance, 
there are at least 32 that make motors, 
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and each and every 
one builds motors to 
these standards. One 
motor is better than 
another, therefore, not 
because of the design 
standard alone, but in 
the quality of ma- 
terials, workmanship, 
and ability to stand 
up in service. 

Price alone may be 
used to select a de- 
sign standard, but 
price alone can never 


be used with safety to select a service 
standard and here is where good judge- 
ment and much practical experience 
show up the difference between a poor 
buyer and a good one. Today the good 
buyer will not purchase an electrical 
or mechanical device until he has ap- 
plied a rigid set of tests. It is in 
making these tests that standards of 
design should be known, so that the 
tests will be fair to the device. 

If you want to be one of these good 
buyers, it will pay you to have a copy 
of this handbook. It can be purchased 
from the Secretary of the Electric 
Power Club, B. F. Keith Bldg., Cleve- 
land, Ohio, at a cost of only one dollar. 
My advice is to secure a copy and study 
it—then pay for reliability and per- 
formance of equipment, not for so 
many pounds of copper and iron and 
a nameplate rating. 
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Handling Maintenance and 
Repairs on 4,000 Motors 


and also on 700 portable electric tools, 2 battery 
tractors, and 35 cranes, with details of how the work 
is organized and responsibility delegated 


IGH quality of product must 
H not only be provided for in 

the design, but also must be 
built in during production. To 
enable a factory to produce a high- 
quality product, the equipment must 
be maintained in perfect order. As 
one of our most prominent automo- 
bile manufacturers puts it, The 
first duty of management is to keep 
the tools in shape. By the tools is 
meant the entire plant and every- 
thing pertaining to it.” This re- 
quires an organization that under- 
stands the requirements of the 
equipment, how it should be installed 
to obtain the most satisfactory re- 
sults, what routine inspection and 
maintenance is required, and how it 
may be repaired in case of break- 
down or failure. 

To obtain an idea of the scope of 
operations of the electrical main- 
tenance and repair organization of 
the Studebaker plants at South Bend, 
Ind., let us consider the extent and 
character of these plants. 

There are two plants at South 
Bend, which together cover an area 
of 191 acres. A bird’s-eye view of 
the two plants is shown in Fig. 1. 
Plant No. 1 makes springs, small 


By WILLIAM RASSMUSSEN 
Chief Electrician, The Studebaker Cor- 
poration, South Bend, Indiana. 
forgings and stampings, windshields 
and all the types of bodies used on 
Studebaker cars. Plant No. 2 is the 
larger and consists of a forge shop, 
stamping plant, iron foundry, ma- 
chine shop, stores and assembly 
building, final car assembly building, 
car storage building, shipping build- 
ing and power house. The diverse 
character of the different operations 
carried on in these plants is readily 

apparent. 

In the two plants there are over 
4,000 motors ranging in size from 
W% to 700 hp., together with about 
700 electric portable hand tools. To 
furnish the power required by this 
scale of operation, there is a power 
house with turbo-generator capacity 
of 16,000 kw. Power is generated 
at 2,300 volts, three phase, 60 cycles 
and carried underground by means 
of lead-covered cables to substations 
near the various load centers of the 
plant, where it is transformed to 440 
volts a. c. and converted by motor- 
generator sets to 220/110 volts d. c. 
for power, and stepped down to 
220/110 volts, a. c. for lighting. The 
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Fig. 1—Keeping the electrical 
equipment in operating condition in 
a plant of this size calls for a well- 
organized Electrical Department. 


This illustration shows the South 
Bend (Ind.) properties of The Stude- 


baker Corporation. In the fore- 
ground is Plant No. 1, while in the 
center background is Plant No. 2. 
The latter is the newer and by far 
the larger plant. The two plants 
together cover an area of more than 
191 acres. 


total connected power load of the 


two plants is 28,366 kw., and the 
total connected lighting load is 
4,050 kw.; this gives a total con- 
nected load of 32,416 kw. The maxi- 
mum demand is about 14,000 kw. 
and the average power consumption 
per month is about 4,000,000 kw. -hr. 
To operate, maintain and repair 
the electrical equipment that has 
just been briefly outlined requires 
an Electrical Department consisting 
of a force of 140 to 160 men, under 
the supervision of the Chief Elec- 
trician. A chart of the organization 
of the Electrical Department is 
shown in Fig. 6. As will be seen, 
there are two Assistant Chief Elec- 
tricians, one in charge of each plant, 
both of whom report to the Chief 
Electrician. Under each of these 
men are straw bosses who are in 
direct charge of the various divi- 
sions of the department. Let us 
consider the duties and responsi- 
bilities each of these in turn. 
Maintenance Electricians.—In this 
division there are 18 men in Plant 
No. 2 and 9 men in Plant No. 1. In 
Plant No. 2 these men are assigned 
as follows: enameling dept., one 
man; foundry, four men; forging 
department, two men; machine 
shops, three men; sub-assembly, 
three men; stamping department, 
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one man; and general, four men. 
These men are located as shown 80 
as to be close to the trouble calls 
that originate in their departments. 

Instead of having lengthy records 
and reports to check off as to what 
he has done or should do, the re- 
sponsibility of keeping his own de- 
partment running is placed squarely 
up to each man. This gives each 
man a feeling of pride and an in- 
centive to make a good showing. A 
check on their work is made by 
means of the Call Record which is 
shown at F of Fig. 4. Whenever 
electrical trouble occurs, a telephone 
call is sent to the maintenance man 
in charge of that department. The 
time that the call was received and 
the location of the faulty machine 
are entered on the form. The main- 
tenance man going out on this job, 
enters his name and the time he left 
in the proper columns. When he 
returns he enters the time of his 
return, together with any remarks 
that may be necessary. One of these 
forms is made out each day for every 
group of maintenance men serving 
a given department. These records 
go to the Assistant Chief Electrician 
every night, so that he has a com- 
plete record of all trouble calls, how 
soon they were answered, and how 
soon the trouble was corrected. 
Inasmuch as each maintenance man 
also makes a note on this same form 
each time that he goes on an inspec- 
tion trip, naming the installation in- 
spected, a complete record of the 
activities of all of the maintenance 
men is available from this form. The 
form is very simple, involving a 
minimum of paper work on the part 
of the maintenance man, which is 
a decided asset. 
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Fig. 2— This card is the basis of 
the motor record system. 


On it are placed the complete name- 
plate data of the motor, the 2 
ment number that is assigned to it, 
motor repair data, and a record of 
its service, including cause of fail- 
ures, here is also space for giving 
the nature of the repairs, together 
with the name of the man or de- 
partment that made them. 


When there are no trouble calls on 
hand, the men are expected to make 
regular rounds of the equipment 
under their care, inspecting bear- 
ings, commutation, heating and gen- 
eral operation of the motors, control 
and other electrical equipment. 

It will be noticed that in the 
assignment of men, four were 
marked general. Three of these are 
crane inspectors and repair men. 
They spend their entire time inspect- 
ing, maintaining, and repairing the 
35 cab controlled cranes and 80 


electric hoists varying in capacity 


Fig. 3—Repair shop for the elec- 
tric industrial trucks and tractors. 
In this shop are made all mechani- 
cal and electrical repairs and in- 


spections that may be required on 
the fleet of 28 trucks. 
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from ½ to 8 tons, all of which are 
located throughout the plant. Not 
only is the Electrical Department 
responsible for the electrical equip- 
ment of the cranes, but also it does 
all of the mechanical repair work on 
them that is required. 

A more detailed inspection report 
is required of the crane inspectors. 
The form used is shown at G of 
Fig. 4. The vertical columns are for 
the individual cranes inspected and 
on the horizontal lines are listed the 
parts inspected. 

Daily inspection of all equipment 
is not. attempted, because the duty 
is not so severe as to warrant hav- 
ing a gang of maintenance elec- 
tricians large enough to do this. 
At week ends, overhauling and more 
thorough inspections are conducted. 

Electric Repair Shop.—There are 
two electric repair shops, one in 
Plant No. 1 and the other in Plant 
No. 2. The former is devoted al- 
most entirely to rewinding, repair- 
ing and otherwise maintaining the 
electric portable tools. All manner 
of repairs are made to these tools; 
in faet, they are rebuilt from stock 
parts whenever necessary. Arma- 
tures having form-wound coils are 
specified when the tools are pur- 
chased. This type of winding has 
been found more satisfactory for 
the service to which they are sub- 
jected in these plants; also they are 
much easier to rewind. 

Three men are required in this 
shop for handling this work. A 
corner of the repair shop is shown 
in Fig. 5. A small precision lathe . 
for turning commutators and doing 
what other lathe work may be 
necessary on the portable tools, 
together with a small press for push- 
ing out armature shafts, are the 
main pieces of equipment required. 
Inasmuch as no machine winding is 
used and the form-wound coils are 


purchased, no coil winding equip- 
ment is required for this particular 
class of work. 

The main electric repair shop is in 
Plant No. 2. In this shop all other 
motor repair as well as control repair 
work is conducted. Aside from the 
general run of electric repair work, 
about 500 armatures are rewound 
per year. Five men are continuously 
employed in this shop. 

For winding and forming coils, a 
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Fig. 4—Records that keep the de- 
partment head informed as to the 
progress of work being done. 


At A is shown the daily report of 
the battery maintenance section. B 
is the record of equipment numbers 
assigned to the motors. OC is the 
form used for authorizing all new 
installation work. The form shown 
at H is similar except that it is 
issued for repairs and renewals. 
Material is taken from the store- 
room on the form shown at D. 

is the daily report of the tractor 
maintenance section. F is the report 
of all calls received by the general 
maintenance men. G is the crane 
inspector’s report showing the oper- 
ating condition of the cranes. 
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Segur coil winder and a Segur coil 
former are provided, as shown in 
Fig. 10. All mush coils are wound 
in the shop and, in addition, any 
other coils that might be required in 
anemergency. A large stock of coils 
is carried in the electrical store- 
room to meet the usual rewinding 
demand. 

Stators are stripped by burning 
out the old winding. This is a 
rather rough method, but it serves 


b 
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INSTRUCTIONS —Made by Foreman m quadruplicate as istrochars for repars or renewals werk, as neces. 
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the purpose. A corner of the shop 
where the armatures and stators 
are wound is shown in Fig. 8. At 
the rear is the storage rack for stock 
and repaired armatures. 

After the machines are wound 
they are tested for shorts and 
grounds. They are then preheated 
in the baking oven shown in Fig. 10 
for 12 to 16 hr. This baking oven 
is equipped with a pyrometer which 
automatically holds the temperature 
at 220 deg. F. The stators or arma- 
tures, as the case may be, are then 
removed and dipped while hot in 
amber baking varnish. The ar- 
rangements for doing this are very 
convenient. The machines are on a 
small car while in the oven. This 
car is pulled out and the machines 
lifted out of the car by a small chain 
block which is carried on a light 


Asst Chief 
Electrician 
Plant No. | 


a Maintenance 
“30-50 9 men 


Electric 
Repair 
oP 

3 men 


Constructio Maintenance 
45-60 man 18 men 


trolley travelling on an I-beam. By 
means of this small monorail hoist, 
the machine is carried directly back 
from the oven to the dipping tanks, 
which are just to the right of the 
field of view in Fig. 10. These tanks 
are cubical in shape, measuring 
about 4 ft. each way, and are ar- 
ranged with hinged covers to pre- 
vent undue evaporation of the bak- 
ing varnish solvent. One tank con- 
tains amber baking varnish while 
the other contains black elastic 
baking varnish. By means of the 
hoist the machine is held over the 
tank to drain and is then placed 
on the car and into the oven and 


Fig. 6—How responsibility for the 
proper functioning of an electrical 
department i is divided amon = sil 
ganization of 160 men, is 

this organization chart. 


Chief Electrician 
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Fig. 5—This is a corner of the 
shop where all repairs required by 
ns portable electric tools are 
made. 


At the right is a small press for 
pressing out armature shafts. In 
the center background is shown a 
Sman precision lathe used for turn- 

ing commutators and doing any 

er machine work required in 
making repairs on the tools. Note 
the circular compartment drawer 
for holding the many small repair 
parts, shown at the left on the 
workbench. 


baked for 12 hr. It is then removed 
from the oven and dipped in black 
elastic baking varnish and baked for 
16 hr. 

Many industrial plants have some 
atmospheric conditions that are the 
cause of a majority of the motor 
failures. In this plant the trouble- 
some condition is the dust from 
grey iron castings in the machine 
shops where work is done on this 
product. This dust is very fine 
and causes trouble similar to that 
experienced from carbon, coal, and 
coke dust in steel mills and coke 
plants. Trouble from this source 
has been greatly reduced by the use 
of a plastic compound which is put 
over all exposed portions of the 
windings. 

After a motor has been rewound, 
it is given a running test at no-load. 

The foundation of the system of 
keeping track of the 4,000 motors 
in this plant is the Electrical Motor 
Record card shown in Fig. 2. This 
record is kept by the repair shop 
foreman and is located in his office. 
At the time of requisitioning or 
ordering a motor from a motor 
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work from the machines, which may 
change the motor loading. Inasmuch 
as the larger number of motors are 
of the squirrel-cage type, it is essen- 
tial that they be loaded to somewhere 
near their rated capacity so as to ob- 
tain as high power factor as possi- 
ble. In this connection it might be 
said that the plant power factor 
averages 75 per cent, which is very 
good, considering the large induction 
motor load carried. 

A One man devotes all of his time 
to making tests. He has the follow- 
ing test equipment at his disposal: 
four voltmeters of various ranges, 
some for a. c. and the others for 
d. c. work; five ammeters of various 
ranges, some for a. c. and others for 
d, c.; a complete set of instrument 
transformers and ammeter shunts; 
one Megger testing set; one rotating 
standard watt-hour meter for check- 
ing the various watt-hour meters 
around the plant; one foot-candle 
meter; one Wheatstone bridge; one 
graphic wattmeter; one graphic 
voltmeter; and one graphic power 
factor meter. 

In the main, tests are made to de- 
termine loading and power factor. 
For this work the Esterline-Angus 
graphic instruments mentioned pre- 
viously give a chart record that may 
be kept for comparison with later 
developments. Whenever any trouble 
develops that the maintenance man 
cannot correct he puts in a call for 
the tester. If the test shows that a 
motor of different rating is required, 
a motor of the correct rating is 
installed and a duplicate test is made 
to check the installation. 

Frequent tests are required in 
some departments because of the 
possibility of increased load due to 
changes in the production equipment. 
This is particularly true in the ma- 
chine shop. Practically all of the 
motors in this department drive 
lineshafts. The control for these 


motors is grouped at four different 


locations. At each location is in- 
stalled a distribution switchboard 
such as is shown in Fig. 11. This 
board controls 30 motors. As may 
be seen, the switches are grouped 
in pairs, one being the starting 
switch and the other the running 
switch. These switches are served 
by two sets of buses, the running 
switches being fed from a 440-volt, 
alternating-current supply, while the 
starting switches are fed from an 
auto-transformer which supplies the 
correct starting voltage for the mo- 
tors. With this arrangement only 
one auto-transformer is required for 
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starting duty on the 80 motors. 

An Esterline-Angus graphic watt- 
meter is located at each end of the 
switchboard and is so connected with 
the double bus system that it may be 
readily switched in so as to measure 
the load on any one of the 30 motors. 
Tests are made upon any motor that 
gives cause for suspicion and routine 
tests are made on all motors on this 
board at least once every three 
months. 

The tester has one man whom he 
may call upon for aid when he has 
more test work than he can handle. 
Ordinarily this man takes care of all 
the time clocks which are scattered 
throughout the plant. These time 
clocks, which are used for stamping 
on each workman’s time card the 
time of beginning and stopping 
work, must be checked, every day to 
insure accuracy. 

Construction. — The Studebaker 
Corporation has undergone tremen- 
dous expansion since its incorpora- 
tion in 1911. In fact its investment 
in plants and property in 1923 was 
over five times as great as it was in 
1911. During the period from 1919 
to 1923, the amount invested in 
plants and property doubled. 

With expansion taking place at 
this rate it is necessary to have an 
electrical construction department 
that is organized to carry on the in- 
stallation of electrical equipment at 
a rapid rate. Two construction 
gangs are used for this work, the 


Fig. 11—Here is a permanent gra- 
phic meter installation for making 
tests on machine shop motors. 


Thirty squirrel-cage motors are 
controlled from this board. By 
means of a double bus system, the 
motors are all started from the 
same auto - transformer. Also, 
through the use of this bus system 
either of the two Esterline-Angus 
graphic wattmeters mounted on the 
end panels may be switched on to 
any motor for running a load check. 
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one in Plant No. 2 varying from 46 
to 60 men, while the one in Plant 
No. 1 ranges from 30 to 50 men. 
Each gang is under a straw boss. 
The men in each gang are split up 
into small groups of two to six men, 
each group being under a gang 
leader. It is the duty of this section 
of the Electrical Department to do 
all of the installation of electrical 
equipment required by any changes, 
alterations and additions that are 
constantly being made in the plant. 
This not only involves the installa- 
tion of motors and control, but also 
includes all wiring and conduit work, 
lighting, substation and transformer 
installation, wiring of cranes, feed- 
ers, battery charging stations and 
the like. 

Electrical Equipment.— A word 
concerning the electrical equipment 
used might be of interest. Although 
there are 440 volts, three phase, 
a. c., 220/110 volts, single-phase, 
a. c., and 220/110 volts, d. c., avail- 
able at almost all parts of the plant, 
the bulk of the motors are 440-volt, 
squirrel-cage induction motors. In- 
dividual drive is used in many cases, 
but the larger share of the drives are 
to lineshafts. 


With 4,000 motors in the plant it 
is essential that they be standard- 
ized as to size and speed as much as 
possible. For lineshaft drives, mo- 
tors of 30 hp. and above are limited 
to 900 r.p.m. speed; between 10 and 
30 hp., a speed of 1,200 r.p.m. is 
standard; below this rating, speeds 
of 1,200 and 1,800 r.p.m. are used. 
A 60-hp. motor is the largest motor 
used on a lineshaft—if the lineshaft 
requires a larger motor, two motors 
are used and the load divided be- 
tween two lineshafts instead of one. 

Many individual drives are used, 
particularly in the stamping plant. 

(Please turn to page 81) 
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This is an analysis of 


Maintenance 


Practice and 


Organization Methods 


as applied in 80 industrial plants to the selection and 
care of equipment, handling of supplies, and placing 
of responsibility for execution of work 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


APID growth of industrial 
R works during the past few 
decades and increasing com- 
plexity of the products made have 
been attended by a corresponding 
development of the organization and 
facilities for handling the mainte- 
nance work involved in keeping in 
proper operating condition the vari- 
ous kinds of electrical and mechani- 
cal equipment employed. 

A great many of the old-time 
industrial plants, with a compara- 
tively small number of employees 
and simple, engine-driven machines, 
have been replaced with a huge 
property covering many acres of 
ground, employing thousands of 


workers, and housed in great, multi- 
story buildings filled with compli- 
cated equipment. In the same way, 
the old-time “handy man” whose job 
it was to “fix” anything that needed 
attention, has been replaced with a 
well-organized force of inspectors, 
repairmen and the like, whose work 
is more or less specialized and is 
conducted largely in accordance with 
definite schedules. Under present 
conditions, with plant production 
carefully scheduled and controlled, 
and the necessity of performing 
every operation in the most efficient 
manner, in order to meet ever- 
increasing competition, production 
delays due to failure of equipment 
are too costly to be tolerated. Hence, 
the inspection and maintenance of 
equipment have taken their place 
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among the most important depart- 
mental activities of a modern in- 
dustrial organization. 

The organization of the mainte- 
nance department, the frequency 
with which equipment is inspected 
and overhauled—in brief, the details 
of the methods and practices fol- 
lowed in properly caring for the 
electrical and mechanical systems 
in industrial plants—vary to a con- 
siderable extent with the conditions 
that exist in a given plant. For 
example, in some industries such as 
iron and steel, food products, and 
so on, failure of almost any impor- 
tant piece of equipment may cause 
serious losses from damage to or 
spoilage of material in process, in 
addition to the losses that are in- 
curred from stoppage of production. 
Again, in other industries the con- 
ditions of service may be so severe, 
due to the presence of abrasive dust, 
moisture, corrosive fumes, and the 
like, that equipment soon deterio- 
rates to the point of failure. In all 
such cases, the best safeguard 
against equipment failures, with 
their attendant expense and annoy- 
ance, is thorough inspection at such 
frequent intervals that weaknesses 
in the equipment or incipient trouble 
of any character will be discovered 
before failure occurs. This may 
mean inspection of all important 
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pieces of equipment at intervals of 
a few hours. 

In other plants the conditions of 
service, the consequences of equip- 
ment failures, and other factors, may 
be such that inspections can with 
reasonable safety be scheduled for 
much less frequent intervals than 
are indicated above. 

In any plant, a careful study of 
the service requirements and the 
conditions under which the equip- 
ment operates, supplemented by the 
experience gained in operating the 
equipment under these conditions, 
will show how the work of the main- 
tenance department can be most 
effectively and economically organ- 
ized and conducted. 

In this article there are presented 
the results of an analysis of main- 
tenance practices and procedure, 
including stock-keeping, in 80 indus- 
trial plants, as applied to the equip- 
$ ment in the path of power service 
that extends from the substation or 
main switchboard through the vari- 
ous elements of electrical and me- 
chanical power drive equipment and 
down to the spindle of the machine 
engaged in production. Supplement- 
ing this equipment and serving as 
the connecting link between produc- 
tion machines and departments are 
the various devices which are com- 


monly termed material handling 
equipment. This term includes con- 
veyors, cranes, elevators, electro- 


magnets, tractors, and so on, prac- 
tically all of which is driven or 
operated by electrical energy. 

The plants from which the data 
shown in the accompanying table 
were obtained, are located in various 
sections of the country and, with 
few exceptions, are 
known; they may be considered as 
typical representatives of the most 
important industries in which pro- 
duction processes are employed. 
their scheme of organization and in 
their operating methods these plants 
reflect modern practice and sound 
engineering. 

As will be noted from the table 
these plants range in size, on the 
basis of kilowatt-hours of energy 
consumed per year, from one, No. 40, 
a steel plant, that uses 200,000,000 


kw-hr., to one that uses 60,000 kw- - 


hr. (No. 61, a plant making rubber 
shoes and soles). On the basis of 
number of motors installed, and 
total horsepower rating, plant No. 40 
heads the list with 3,200 motors in- 
stalled, of a total rating of 170,000 
hp. At the other extreme, plant 
No. 10, making chemicals and ex- 


nationally 
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plosives, has 9 motors installed, with 
a total rating of 55 hp. In this con- 
nection it is well to remember that 
in some plants or industries the 
manufacturing processes require 
comparatively small amounts of 
power. Altogether, in the plants 
for which these data were given 
there are installed 23,228 motors 
with a total rating of more than 
457,800 hp. Of the total number of 
motors installed 6,318, or 27.4 per 
cent are rated under 5 hp. The 
electrical energy consumption of 
the 54 plants that reported this item 
is in the neighborhood of 727,200,000 
kw-hr. a year. There are 41 plants 


listed that use over 1,000,000 kw-hr.. 


a year; 8 that use between 500,000 
and 1,000,000 kw-hr.; and 5 that use 
less than 500,000 kw-hr. a year. Ten 
of the plants have more than 10,000 
hp. installed in motors, while 56 
have between 1,000 and 5,000 hp. 
installed. Thirty-two plants report- 
ing use alternating current exclu- 
sively; 5 use direct current exclu- 
sively; and 43 use both alternating 
and direct current. 

As to the method of connecting 
the motors and driven machines, 
belts are used in about 48 per cent 
of the drives (11,159 belt drives on 
23,228 motors). Direct connection 
though solid or flexible couplings is 
employed in approximately 20 per 
cent of the drives (4,321 couplings 
reported). The remaining 32 per 
cent of drives are through gears, 
chains or speed reducers. 

In the way of material handling 
equipment, the 80 plants listed have 
installed a total of 495 cranes of 
various types, 696 conveyors, 168 
electric and 7 gas trucks and trac- 
tors, and a variety of other equip- 
ment. 

Turning for a moment to the light- 
ing system, the plants reporting 
have a total of 123,058 lamps in- 
stalled. A few plants did not report 
the number of lamps installed, as 
an accurate record was not avail- 
able. To keep this number of lamps 
in service a total of 196,906 re- 
newals a year is necessary. On the 
basis of the average for all plants 
reporting, lamps are replaced about 
1.6 times a year. The size of lamps 
used varies from 25 watt to 1,000 
watt. Of 65 plants reporting a 
definite average size of lamps used, 
instead of the range of sizes, 61 
specify a 100-watt lamp as their 
average size; 10 specify 75- and 200- 
watt lamps, respectively; 7 specify 
50- and 60-watt lamps; 5 specify 
150-watt; and 3, 300-watt lamps. 
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The total number of motor fail- 
ures a year in the plants listed is 
1,654; of the motors that fail, 1,029 
or about 62 per cent have to be re- 
wound. An analysis of the causes 
of these failures shows that worn 
bearings head the list; 15 plants give 
these as one of the chief causes of 
failure. In addition, other causes 
of failure for which the bearings 
can probably be considered as di- 
rectly or indirectly responsible are 
listed as follows: bearing trouble, 
3; oil-soaked insulation, 1; oil sling- 
ing, 2; oil, 4; oil on winding, 1. 
This makes a total of 26 instances 
in which bearings are a factor in 
causing motor failures. 

Overloads come next, being listed 
9 times; then in order come grounds, 
6; moisture, 5; old age, and acid, 4 
each; dirt, gsingle-phasing, 3; insu- 
lation breakdown, old insulation, 
water and steam, iron dust, expo- 
sure (presumably to the weather), 
dust, careless operation, shorts, 2 
each. The following causes of motor 
failure are each mentioned once: 
failure of overload relay, damaged 
insulation (cause not given), steel 
chips, poor ventilation, hard service, 
lightning, alkali, oil switch trouble, 
heat, tight belts. 

The highest percentage of fail- 
ures occurred in plant No. 20, a 
glass plant, wherein there are re- 
ported 215 failures out of 458 mo- 
tors installed. Aside from several 
plants in which only a comparatively 
small number of motors are in- 
stalled, and no failures have occurred 
for the past year or so, plant No. 77, 
making refrigerators, has the lowest 
percentage of failures: 1 failure out 
of 220 motors. 

In the matter of facilities for re- 
pairing electrical and mechanical 
equipment, 54 plants, 67 per cent of 
the total, reported that they main- 
tain repair shops for this purpose. 
Twenty-eight of these repair shops 
wind all or a considerable part of 
their own coils; two plants reported 
that they wind coils only in emer- 
gencies. 


All but one of the plants listed 
conduct inspections of equipment on 
a definite schedule, the frequency of 
inspection varying according to the 
conditions. One plant reports that 
all inspections are made at varying 
intervals, with no set time for mak- 
ing them. Sixty-nine of the 80 
plants employ one or more regular 
inspectors. A total of 193 inspectors 
are employed in these plants. In 
32 plants motors are inspected once 
a day or oftener; weekly or oftener 
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in 32 plants, once a month or oftener 
in 12 plants and at varying intervals 
in the others. In practically all 
cases where inspection of motors is 
made on a definite schedule, motor 
control and protective devices, and 
material handling equipment is also 
inspected regularly, although in 
many plants the interval between in- 
spections is longer than in the case 
of motors. 

Thirty-three plants out of 72 re- 
porting make a practice of overhaul- 
ing their equipment at least once a 
year; 7 plants overhaul equipment 
twice a year, one plant overhauls 
equipment three times a year, and 
two do this four times a year. In 
plant No. 52 equipment is over- 
hauled every Sunday. Twenty-five 
plants report that overhauling of 
equipment is done as needed, or 
when possible, as during slack 
periods, rather than on a definite 
schedule. In a few plants overhaul- 
ing is carried on continuously, the 
repair gang going from one machine 
to the next in order. Three of the 
plants that overhaul their equipment 
twice yearly usually do so around the 
first of the year and in the summer; 
two plants find spring and fall more 
convenient for this work. Of the 
plants that overhaul equipment regu- 
larly once a year, five report that 
this is done during December or 
January, two do it during February 
and March, two in the spring, one 
in June, ten during the summer and 
two in the fall. 

A study of the amounts of a few 
typical maintenance supplies used 
and carried in stock, and the stock- 
keeping practices of the plants re- 
porting on these items, reveals some 
interesting figures. It will readily 
be seen from the table that in the 
case of wire, for example, three 
plants, Nos. 21, 47, and 73, appear 
to have on hand approximately a 
3-yr. supply of wire; at the other 
extreme, plant No. 9 has only a 2-wk. 
supply on hand. Of the 41 plants 
reporting, 6 have from 2 wk. to 1 
mo. supply of wire in stock; 6 have 
a 2-mo. supply; 16 have a 6-mo. 
supply; 5 have a year’s supply; and 
6 have over a year’s supply. The 
total yearly consumption of these 
plants is 646,155 ft. of all sizes and 
56,730 lb. of wire. Altogether, they 
have in stock 320,373 ft. and 8,200 
lb. of wire. 

In the case of carbon brushes, 
there is likewise considerable varia- 
tion among the different plants in 
the relation between the yearly con- 
sumption of brushes and the amount 
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kept in stock. At one extreme, 
plants Nos. 47 and 59 have a 5-yr. 
supply of brushes in stock; none of 
the plants has less than a 3-mo. 
supply. Of 35 plants reporting 
yearly consumption of brushes and 
brushes in stock in terms that are 
directly comparable, 4 have in stock 
a 3-mo. supply; 8 from 3 to 6 mo. 
supply; 8 from 6 mo. to 1 yr. sup- 
ply; and 15 more than 1 yr. supply. 
Together these plants use 23,090 
brushes and have 12,487 in stock, a 
general average of approximately 
6 mo. supply. 

Amounts of babbitt kept in stock 
range from 2 wk. supply, in one 
case, to a 5-yr. supply for one plant 
whose requirements are not very 
large. Out of 35 plants reporting 
yearly consumption and amount of 
babbitt in stock, 18 have on hand 
from 1 to 3 mo. supply; 8 have be- 
tween 3 and 6 mo. supply; 6 have 
between 6 mo. and 1 yr. supply; and 
7 have more than 1 yr. supply. The 
total consumption of these plants is 
54,919 Ib., and there are 13,522 lb. 
in stock, approximately 3 mo. supply. 

The same general relations obtain 
between the yearly consumption of 
solder and the amounts in stock. One 
plant, No. 46, reports a consumption 
of 100 lb. per year, with 500 lb., 5 
yr. supply, in stock. Plant No. 58, 
with a yearly consumption of 300 
Ib., has 10 lb. in stock, about 1 wk. 
supply. With 48 plants reporting, 
22 have: between 1 mo. and 3 mo. 
supply of solder in stock; 8 have be- 
tween 8 mo. and 6 mo.; 8 have be- 
tween 6 mo. and 1 yr.; and 5 have 
more than 1 yr. supply on hand. 
The total consumption of the plants 
reporting is 13,276 lb.; the total 
amount in stock is 3,388 Ib., repre- 
senting approximately 3 mo. supply. 

Out of 44 plants reporting the 
yearly consumption and amount of 
tape in stock, 21 have on hand be- 
tween 1 mo. and 3 mo. requirements; 
16 have from 3 mo. to 6 mo. require- 
ments; 3 have sufficient tape to last 
from 6 mo. to 1 yr.; and 4 have 
more than 1 yr. supply on hand. In 
some instances the consumption and 
amount of tape in stock is reported 
as number of rolls; the remainder of 
the plants report their requirements 
and amount kept in stock, in pounds. 
Assuming the weight of a roll of 
tape to be 8 oz. net, the total con- 
sumption of the plants reporting is 
18,247 Ib.; the amount of tape in 
stock is 3,536 Ib., approximately 214 
mo. supply. 

On the whole, the supply of lamps 
carried in stock, as compared with 
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the yearly consumption, is somewhat 
smaller than in the case of the pre- 
ceding items. Disregarding those 
cases in which plants did not report 
both their consumption and stock of 
lamps, or reported one or the other 
of these in terms of dollars spent, 
40 plants reported consumption and 
number of lamps in stock. Of these 
plants, 11 have in stock 1 mo. or 
less supply of lamps; 16 have be- 
tween 1 mo. and 3 mo. supply; 7 
have between 8 mo. and 6 mo. sup- 
ply; and 6 have between 6 mo. and 
1 yr. supply. The total yearly con- 
sumption of the 40 plants is 142,571 
lamps, while there are in stock 
25,388 lamps. This represents a 
little more than 2 mo. supply. 

Analysis of the delegation of re- 
sponsibility for the selection and 
maintenance of the electrical and 
associated mechanical systems and 
equipment, as shown in the last few 
columns of the table, brings out 
some interesting facts. 

Seventy-six plants reported as 
follows on the question of the title 
of the executive who carries the re- 
sponsibility for maintenance of all 
electrical equipment: Chief Elec- 
trician, 45; Plant Engineer, 5; 
Electrical Engineer, Electrical Supt., 
Chief Engineer, 4 each; Engineer, 
Mechanical Engineer, 3 each; Elec- 
trician, Supt. of Maintenance, 2 
each; Maintenance Engineer, Plant 
Electrician, Works Engineer, 1 each; 
Master Mechanic and Chief Engi- 
neer, jointly, 1. 

Out of 76 plants the Chief Elec- 
trician or other individual who is 
responsible for the maintenance of 
electrical equipment reports to the 
Superintendent in 29 instances. In 
the remaining 47 plants he reports 
as follows: to Manager, 9; to Master 
Mechanic, 7; to General Manager, 
6; to Chief Engineer, 5; to Presi- 
dent, Vice-President, General Super- 
intendent, Plant Engineer, 4 each; 
to Works Manager, Equipment Engi- 
neer, Electrical Engineer, Engineer- 
ing Dept., 1 each. 

In thirty plants, out of 70 report- 
ing, responsibility for the mainte- 
nance of mechanical power drive 
equipment is borne by the Master 
Mechanic. In the remaining plants 
the Millwright bears this responsi- 
bility in 6 instances; Chief Engi- 
neer and Plant Engineer, 4 each; 
Maintenance Engineer, Engineer, 
Mechanical Engineer, 3 each; Chief 
Electrican, Foreman of Repairs, 
Supt. of Maintenance, Foreman, 
Superintendent, General Foreman, 2 
each; Ass’t Superintendent, Chief 
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Machinist, Works Engineer, Elec- 
trical Engineer, Mechanical Fore- 
man, 1 each. : 

The individual responsible for 
maintenance of mechanical power 
drive equipment reports to the 
Superintendent in 35 of the 68 
plants listed; to the Manager in 16; 
to Plant Engineer, Chief Engineer, 
3 each; to Works Manager, Vice- 
President, 2 each; to President, 
Agent, Equipment Engineer, Engi- 
neering Dept., Works Engineer, 
Operating Foreman, Master Me- 
chanic, Factory Superintendent, 1 
each. 

In 67 plants reporting, responsi- 
bility for maintenance of buildings 
is delegated as follows: Master Me- 
chanic, 17; Superintendent, 12; 
Plant Engineer, 8; Chief Engineer, 
6; Millwright, Construction Engi- 
neer, Mechanical Engineer, 8 each; 
Maintenance Engineer, Engineer, 
Supt. of Maintenance, 2 each; 
Property Manager, Steam Engineer, 
Works Engineer, Yard Manager, 
Supt. of Property, Engineering De- 
partment, Manager, Carpenter Fore- 
man, Chief Carpenter, 1 each. 

In 66 plants listed, these men re- 
port as follows: to Superintendent, 
25; to Manager, 24; to President, 5; 
to Vice-President, 3; to Works 
Manager, Chief Engineer, 2 each; to 
Agent, Works Engineer, Engineer- 
ing Dept., Equipment Engineer, 
General Superintendent, 1 each. 

Responsibility for selection of size, 
type and make of electrical equip- 
ment used is delegated thus (78 
plants reporting): Chief Electri- 
cian, 33; Chief Engineer, 7; Elec- 
trical Engineer, Plant Engineer, 5 
each; Mechanical Engineer, 4; 
Electrical Superintendent, Engineer, 
3 each; Superintendent, Works 
Engineer, 2 each; Manager, Plant 
Electrician, Engineering Dept., Supt. 
of Maintenance, Electrician, Master 
Mechanic, 1 each. One plant re- 
ports that electrical equipment is 
selected by conference, but did not 
give the titles of those who are 
called. 

In addition to these, seven other 
plants report that electrical equip- 
ment is selected by the following in- 
dividuals jointly: Master Mechanic 
and Superintendent; Superintendent, 
Chief Electrician and Master Me- 
chanic; Chief Electrician and Engi- 
neer; Chief Electrician and Engi- 
neering Dept., Master Mechanic and 
Agent; Master Mechanic and Chief 
Engineer; Department Superintend- 
ents. 
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Seventy-three plants report that 
responsibility for selection of me- 
chanical power drive equipment is 
delegated thus: Master Mechanic, 
16; Chief Engineer, 11; Superin- 
tendent, 6; Plant Engineer, 5; 
Mechanical Engineer, 4; Chief Elec- 
trician, Engineer, Millwright, 3 
each; Manager, Maintenance Engi- 
neer, Works Engineer, 2 each; 
Equipment Engineer, Electrical 
Engineer, Supt. of Maintenance, 1 
each. 

As in the case of the electrical 
equipment, mechanical power drive 
equipment is, in 14 plants, selected 
by two or more individuals jointly, 
as follows: Master Mechanic and 
Superintendent, 3; Plant Engineer 
and Master Mechanic, 2; Superin- 
tendent, Master Mechanic and Shift 
Foreman; Millwright and Foreman; 
Chief Engineer and Engineering 


Dept.; Conference (titles not 
given); Department Superintend- 
ents; Superintendent, Chief Elec- 


trician and Master Mechanic; Agent 
and Master Mechanic; Engineering 
Dept.; 1 each. 

Selection of material handling 
equipment does not differ markedly 
in so far as delegation of responsi- 
bility is concerned, from the selec- 
tion of mechanical power drive 
equipment. In 69 plants reporting, 
this responsibility is placed as fol- 
lows: Superintendent, 12; Master 
Mechanic, Chief Engineer, Plant 
Engineer, 8 each; Mechanical Engi- 
neer, 4; Engineer, Works Engineer, 
8 each; Manager, Chief Electrician, 
Maintenance Engineer, 2 each; 
Equipment Engineer, Supt. of Main- 
tenance, Property Manager, 1 each. 

As in the case of power drive 
equipment, responsibility for the 
selection of material handling equip- 
ment is divided in 17 plants. The 
groups that bear this responsibility 
and the number of times they were 
listed are: Master Mechanic and 
Superintendent, 3; Chief Electrician 
and Master Mechanic, 2; Chief 
Engineer and Superintendent; Chief 
Electrician, Millwright and Super- 
intendent; Chief Electrician, Master 
Mechanic and Engineering Dept.; 
Plant Engineer and Master Me- 
chanic; Electrical Superintendent 
and Chief Engineer; Conference 
(titles not given); Superintendent, 
Chief Electrician and Master Me- 
chanic; Engineering Dept.; Chief 
Electrician and Millwright; Agent 
and Master Mechanic; Department 
Superintendents; Several Depart- 
ments; 1 each. 
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Method of Making 
Tight Joints in High-Pressure 


Water Lines 

OME time ago the Bureau of 

Standards conducted tests on 
high-pressure hydraulic pipe lines, 
to determine the most suitable ma- 
terials for wiping the pipe joints. 
These tests indicated that the most 
dependable material for pressures 
around 5,000 Ib. per sq. in. was finely 
divided lead, mixed to a pasty mass 
with the usual litharge pipe dope. 

Recently we installed a special, 
high-pressure fire system, involving 
a fairly high pressure of water, and 
due to the location of the installa- 
tion, even the slightest leakage was 
not permissible. Brass pipe was 
used for this line, with the usual 
fittings, unions, and other connec- 
tions. 

In making up these pipe joints, 
the wrapped-thread method was 
tried first. This consists of wrap- 
ping a strand of packing cord around 
the threads, before screwing up the 
joint. The result was not satisfac- 
tory. The second method tried con- 
sisted in using lead in the pipe dope; 
this also failed, possibly because the 
lead was not ground fine enough, or 
because the dope did not have time 
to set. Knowing the usual trouble 
incident to making up brass pipe 
connections, it was decided to tin all 
joints by applying a thin coating of 
tin on the threads of the pipe and 
the connection. 

One of the first and most im- 
portant steps in tinning pipe threads 
is to see that they are as clean as 
possible. It is also essential to heat 
the pipe threads (one of the best 
methods is to hold them in the 
molten tin), before applying a good, 
flux, and to have the molten metal 
clean and hot enough. 

Wherever a tinned connection was 
screwed up and showed evidence of 
leakage, the torch was applied and 
it was sweated together. This 
method was not adopted without 
much lost time and considerable ex- 
pense. Under similar circumstances, 
when brass pipe is used, we intend 
to save the cost of experimenting by 
using this method altogether. 

The writer would like to know if 
anyone else has found a different 
method of equal simplicity for mak- 
ing joints in brass pipe absolutely 
free of leakage, while the pipe line 
is maintained under constant pres- 
sure, at all times. 


Washington, D. C. G. A. LUERS. 
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MASTER MECHANICS of large indus- 
trial works have, probably, more miscel- 
laneous and varied duties and responsi- 
bilities than any other plant men. The 
large area which they serve helps to make 
their problems more complicated, by in- 
creasing the difficulty of keeping in close 
contact with the men working under them. 
In this article, Mr. Slivinski tells about 
his work as Master Mechanic of Deering 
Works, International Harvester Co. 


Some of the 


Mechanical 
Maintenance 
Policies and 
Practices 


which are used to keep an 
old plant and its power 
transmission equipment 
operating at high effi- 
ciency with low upkeep 


By HUGO R. SLIVINSKI 


Master Mechanic, Deering Works, Inter- 
national Harvester Company, Chicago, III. 
T IS only through careful atten- 
| tion to the little details that 
maintenance work can be placed 
on a dependable and substantial 
basis. It might be possible to take 
a new, well-constructed, and proper- 
ly-planned industrial plant and keep 
it in first-class operating condition 
at a comparatively low expense and 
with a correspondingly small amount 
of trouble. The problems connected 
with bringing an old plant up to 
good operating condition and keep- 
ing it there are much more numer- 
ous and complicated and can be 
solved only by careful planning over 
a number of years. 

The maintenance cost and much of 
the trouble which usually goes with 
it can, by careful forethought, 
planning and attention to details, be 
brought down, even in an old plant, 
to a figure which the man in charge 
can be proud of. This, of course, 
requires time as the conditions 
would seldom permit a complete 
change or revamping of the entire 
plant at one time. 

In this, it is extremely important 
to understand what are the causes 
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of the troubles of operation and how 
they may be eliminated. I have had 
ample opportunity to try out some 
of my ideas in the plant with which 
I have been connected for the past 
ten years. Portions of this plant are 
about 40 years old and cover several 
acres. The principal product is farm 
machinery. The types of manufac- 
turing include woodworking, a va- 
riety of metalworking processes, a 
foundry, and other special related 
work. 

The principles which I have adopt- 
ed for planning improvements of 
conditions and carrying on opera- 
tions may be of value to other 
readers of INDUSTRIAL ENGINEER 
who may be faced with similar prob- 
lems. 

The work of the Master Mechanic 
of the average industrial plant is 
probably broader and more inclusive 
than the activities of any other 
plant executive. His work usually 
includes repairs to both machinery 
and buildings, general maintenance 


In this section of the repair shop leather 
belts are cleaned, over. ed, recemented, 
put in good condition and placed in stock. 


work, construction work, particularly 
if it is not extensive, erecting of ma- 
chinery and auxiliary equipment, 
dismantling, moving and re-erecting 
machinery, a general supervision 
over most of the mechanical and 
sometimes electrical work, and over 
practically all tradesmen, such as 
carpenters, millwrights, and so on, 
except those directly connected with 
production. In addition, the Master 
Mechanic is generally expected to be 
the inventive genius of the plant, 
and develop new devices, machinery 
and, frequently, improve methods of 
performing particular operations or 
processes. 

In that the Master Mechanic in 
his work travels from one end of 
the plant to the other and must 
study the related details of the 
manufacturing operations, he has an 
excellent opportunity to investigate 
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and suggest many methods of reduc- 
ing the cost of manufacture. This 
is especially true along the lines of 
safety and material handling. He 
usually looks after the design, in- 
stallation and improvement of safe- 
guards. The fact that he can watch 
the operation of the various depart- 
ments without being drawn into the 
detail and routine of them, gives him 
a perspective on much of the work 
which enables him to formulate 
ideas on material handling and de- 
vices and equipment which help to 
reduce the man-power required. 

In addition to these, practically 
every plant has a multitude of mis- 
cellaneous duties, many of which are 
placed in charge of the Master Me- 
chanic, often because there appears 
to be no other place to put them. 
Among; these duties are janitor 
work, and frequently some special 
duties incidental to his particular 
plant. This article takes up some of 
the points affecting his activities, 
particularly as they apply to main- 
tenance work. 

The problems in connection with 


the maintenance of the power trans- 


mission equipment, both mechanical 
and electrical, are perhaps of most 
importance in that continuous opera- 
tion of the plant is entirely de- 
pendent upon their functioning. 
For most kinds of manufacture, I 
am in favor of group drives. Also, 
I am partial to leather belts. Ap- 
proximately 90 per cent of the ma- 
chines in the plant with which I am 
connected are belt-driven. Leather 
belts are used in practically all cases 
except on screw machines where they 
would soon become soaked with oil, 
and in some departments where the 
heat is too severe. For these, we use 
specially-treated, fabric-base belts. 
Each department has a combina- 
tion belt man and oiler who tightens 
all the belts in the department and 
oils the lineshafting, but not the 
motors. On the smaller belts, up to 
6 in. wide, a special wire belt lacing 
with rawhide or Bakelite hinge pins 
is used. This is not only easy to 
apply, but is lasting. The belt man 
takes the lacing machine directly to 
the job and the idle machine is oper- 
ating again within a few minutes. 
On fabric-base belts I prefer 
plates and rivets, for the larger 


This special gantry crane was in- 
stalled to unload incoming steel. 


The steel is lifted from the cars by 
a magnet and the weight taken by 
the special scale. These trailers are 
hauled away by tractors. This in- 
stallation in its first year more than 
saved its cost by decreasing the 
number of men required. 
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sizes, and for belts under 6 in. wide, a 
special curved plate with projecting 
teeth which are driven through the 
belt and the ends clinched, is used. 
Leather belts over 6 in. wide are 
cemented endless. The problem of 
losing belts has been overcome by 
requiring that an old belt be turned 
in before a new one is issued. In 
this way, the belt loss in the plant 
is negligible. 

In addition, old belts after they 
have been removed are cleaned by 
soaking them in benzine and then 
scraping and rubbing the grease out 
of them, loose plies re-cemented, 
short pieces built into longer belts 
by cementing together, trimming 
the edges where necessary, and 
finally re-oiling the belt so that it is 
ready to be used again. These re- 
built belts are put in rolls in stock 
to be issued out as necessary. In 
addition, we are gradually using up 
an old 52-in., three-ply belt taken 
from an engine drive operating the 
woodworking department. Pieces are 
cut off this as needed. On belts 6 
in. wide-and larger, the worn ply is 
left on. For smaller belts, the worn 
ply is removed, which leaves a two- 
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ply belt. The leather in this old belt 
is in very good shape although it 
had been used for years. The 
smaller belts which are cut from it 
will probably have an equal life in 
the plant. These belts are oiled and 
dressed if necessary before putting 
into use. This source of supply is 
responsible for a very low belt cost. 
Belt records are not kept although 
at one time they were used. When 
the best method of treating and 
handling belts was found, this record 
and its expense was eliminated. 

The next important part of a 
power drive installation is the line- 
shaft. In lineshaft work, it is well 
to standardize on speed, diameter of 
shaft, and type of construction to 
support shafting, bearings, and 
hangers. All lineshafts operate at 
200 r.p.m., except in the woodwork- 
ing department, where they operate 


at 250 r.p.m. An exception also is 


made in the lineshaft driving the 
tumbling barrels. 

Under former conditions lineshaft 
bearings had been a source of con- 
siderable trouble. It was finally de- 
cided to standardize on roller bear- 
ings and they were tried out on one 
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shaft. Since that time whenever 
a lineshaft is taken down for any 
cause or is overhauled extensively, 
standard roller bearings have been 
inserted in place of the former bear- 
ings. At present, practically the 
entire plant operates on roller bear- 
ings. This has brought lineshaft 
troubles down to almost nothing. 
Occasionally, when it is necessary to 
add a night force and so put on new 
oilers we have had a little tròuble. 
This has never been serious, at least 
compared with the former condition. 

It is well to standardize on the 
size of shafts and in the method of 
erecting them. It is frequently 
necessary to move or change a line- 
shaft. With standard dimensions of 
units or methods of supporting, this 
interchange is much more easily 
made. Compression couplings also 
make it easier to change a lineshaft. 
With compression couplings it is 
possible to use solid pulleys and, if 
desired, solid instead of split bear- 
ings. Also, when the couplings are 
taken off, the shaft can be stored 
more easily or handled with less 
likelihood of springing, than if 
flanged. 

A standardized method of support- 
ing lineshafts has many obvious ad- 
vantages. Primarily, the men always 
know how the job is to be done. 
Practically all of the buildings are 
of mill construction which makes it 
much easier to standardize on the 
method of supporting the shaft than 
if varying types of construction had 
been used. This construction con- 
sists of longitudinal pairs of angle 
irons which form rails and are placed 
close together with sufficient space 
between each pair for the bolts 
which attach the feet of the hangers. 
The pairs of angle irons are in turn 
supported on cross angles which are 
fastened with bolts or lagscrews to 
the ceiling timbers. A long lag- 
screw extends from this cross angle 
to the ceiling from midway between 
the pair of longitudinal rails and 
provides additional support. 
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The extent of the ne Works 
is shown in this view. 


This is one of the principal factories 
of the International Harvester Com- 
pany, in Chicago. The large area 
which must be covered is one of the 
problems which faces the Master 
Mechanic in his activities. As is 
often the case, this plant has re- 
peatedly been enlarged with the re- 
sult that some of the buildings are 
quite old while others are modern. 


The feet of the hangers are 
planed, which gives a firm footing 
and permits them to fit tightly and 
evenly against the angle-iron rail 
support. With this construction a 
hanger can be shifted a few inches 
or a foot to take care of placing any 
pulley, or this construction can be 
taken down and moved to a new loca- 
tion along with the shaft. I also 
favor drop-end hangers as then the 
shaft can be put together on the 
floor and lifted up into position or 
let down and dismantled as desired. 

Tumbling-barrel drives are bother- 
some problems in connection with 
most foundry work. In one case we 
were faced with the problem of in- 
stalling a number of tumbling bar- 
rels in a very compact space which 
necessitated running the shaft 
underneath the barrels. The tum- 
bling barrel rests on each end on a 
pulley on the lineshaft and an ac- 
companying idler pulley. Both pul- 
leys are of the same diameter and 
the shafts for the two are placed a 
short distance apart and at the same 
level. The ends of the barrel rest 
on and between the two pulleys. The 
weight of the tumbling barrel holds 
it down on these pulleys and the 
rotating lineshaft pulley revolves the 
barrel. The shaft is revolving all 
the time at a speed which drives the 
tumbling barrels at 200-ft. per min. 
To stop and empty or fill any barrel, 
a third pair of pulleys is forced 
against the tumbling barrel which 
lifts it free from the lineshaft. This 
drive has given no trouble and has 
now been in use a number of years. 
Roller bearings are used here, the 
same as on other lineshafts. 

I have been a firm believer in 


locating the sources of trouble in the 
plant and, whenever possible, substi- 
tuting something else for the equip- 
ment which causes the trouble. As 
an example of this, clutches were 
located on the lineshaft to connect 
up a number of machines. As these 
were not operated regularly and con- 
tinuously as on a press, we made a 
change and used a countershaft with 
a shifting belt and loose pulley. 
This increased the length of belt and 
added a countershaft, the cost of 
which would have been counter- 
balanced by a new clutch. However, 
as all maintenance work on a clutch 
when it is so located must be put in 
after hours so as not to stop the 
lineshaft, we felt that a beneficial 
change had been made. 

On machines which must be 
thrown in and out quickly, as 
presses, gears, and similar equip- 
ment, where a clutch is required be- 
cause the belt shifter would be too 
slow, I have found it more advisable 
to put the clutch directly on the ma- 
chine. In this way, whenever any 
maintenance work is necessary on 
the clutch, the belt can be thrown 
off the pulley, the adjustment made, 
and the machine be operating again 
in a short time. 

Another substitution which re- 
duced the operating as well as the 
maintenance cost considerably was 
to replace a train of gears with a 
worm-gear reduction unit. This not 
only gave a much more compact ar- 
rangement but reduced the number 
of working parts and increased the 
ease with which it could be oiled and 
cared for. 

While on the Sub ec of trouble- 
making equipment it may be well to 
emphasize a point which is too often 
neglected in the selection of various 
types of mechanical power drive 
equipment. Altogether too often 
such equipment is purchased on en- 
tirely too close a rating. Suppose 
that the ordinary amount of power 
transmitted by a piece of equipment 
is 2 hp. If this equipment is operat- 
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ing only a part of the time, or in- 
frequently, it would probably be of 
sufficient size to carry the load. 
However, ‘if it is operated continu- 
ously, as would likely be the case 
with a clutch on a punch or other 
similar tool, 2 hp. would probably 
be too low a rating for the job, un- 
less the manufacturer had made a 
special allowance in his rating. 
Ordinarily, this is not the case as 
the rating is usually made on or- 
dinary work. Every piece of power 
drive equipment, whether it is a 
clutch, coupling, variable-speed drive, 
belt, or other device, should be of 
sufficient rating or rather sufficiently 
overrated to stand any service which 
may be placed upon it. This extra 
allowance alone has much more than 
paid its increased first cost by de- 
creased maintenance. 

It is an expensive policy to keep 
large stocks of surplus pulleys, 
shafting and other supplies on hand. 
Whenever any new construction is 
planned any materials available are 
first taken from stock and any more 
which may be required, are ordered. 
For the whole plant there are only 
six spare roller bearings for any re- 
placements which might be neces- 


sary in any of the lineshaft hanger 


bearings in the plant. Perhaps this 
would not be possible for plants 
which are not located so close to 
jobbers and supply houses as are 
plants in Chicago. 

Another device for facilitating 
millwright work is a special plat- 
form which can be moved from 
place to place and erected under the 
lineshaft, straddling machinery if 
necessary, to provide a safe and con- 
venient place for the workmen to 
stand, with some space for them to 
move about. If the ceilings in the 
building are practically all of one 
height the legs may be made solid 
and not with extensions. The plat- 
form shown in an accompanying 
illustration serves the purpose quite 
well. This has a chain railing and 
a platform made of five pieces includ- 
ing the toe-boards. The toe-boards 
are fastened on by hinges and may 
be folded back for ease in transport- 
ing. The pipes at the corners which 
support the chain railing, may be 
lowered to make the entire unit more 
compact and enable it to pass 
through doorways more easily. 

Practically all Iarge motors driv- 
ing the various lineshafts in the pro- 
duction department are provided 
with an extended shaft with pulleys 
on each end. In this way, belts are 
connected from each end of the mo- 
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tor to separate pulleys on the line- 
shaft. This permits the use of a 
smaller belt drive and smaller pul- 
leys. For example, on the 75-hp. 
motors which are used on many of 
these groups, each belt is driving 
only about 3744 hp. Also, with two 
belts there is no tendency to pull the 
motor askew. It is easier to keep 
the tension and causes less trouble 
than if a single belt were used. 

We have comparatively little 
trouble with our electrical equip- 
ment. Electrical energy is generat- 
ed at 550 volts, three-phase, 40 
cycles. Induction motors are used 
on most all of the drives; a few 
variable-speed motors are supplied 
with direct current from a separate 
generator. 

One man oils and inspects all of 
the 900 motors in the plant. In ad- 
dition, the foreman of each depart- 
ment is supposed to watch for any 
exceptional heating of the motor and 
report it. Practically all motors are 
mounted on the ceiling or where 
they are out of the way from all 
damage, except by neglect. 

The question of whether a plant 
should make its own motor repairs 
is open to discussion. In a large 
city where there are a number of 
companies which make a specialty of 
this work, it is generally advisable 
to send the motors out for any re- 
winding or extensive repairing. 
Bearings should, of course, be 
changed in the regular repair shop. 
If a company has a large amount of 
motor repair work, it may then be 
advisable to do its own repairing. 
However, investigations should first 
be made to determine why a large 
amount of repairing is necessary. 
Where outside facilities for quick re- 
pairs are not available, it would 
probably be wise to make provision 
for doing this in the plant. With an 
average of only about one motor to 
repair a year (exclusive of bearing 
troubles), we send this work out- 
side. Miscellaneous electrical repair 
work is done within the plant. 

When a Master Mechanic has the 
repair and rebuilding of all produc- 
tion machinery, together with the 
design and building of many new 
special machines, his machine shop 
is probably one of the largest divi- 
sions of his department. The ma- 
chine shop under my supervision in- 
cludes a large variety of machine 
tools capable of handling almost any 
type of work. All standard machine 
tools are purchased for production 
processes but some machines are 
designed and built for special work. 
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Any necessary mechanical repairs 
to transmission equipment, or for 
the plant, are taken -care of in this 
department. Similarly, there are 
special carpenter and paint shops 
and other departments which devote 
a large proportion of their time to 
making equipment or supplies for 
the production departments and at 
the same time taking care of neces- 
sary maintenance activities. The 
extent and functions of these de- 
partments depend, of course, upon 
the nature of the work and the other 
facilities within the plant, as well 
as upon the policy of the company in 
this respect. 

With machinery, the same as with 
lineshafting, it is false economy to 
attempt to use any but the best bear- 
ing material. For example, on high- 
speed, medium-pressure bearings, a 
copper-base, high-grade babbitt is 
used. Lower grade babbitts are 
used on low-pressure, slow-speed 
bearings. Bronze bushings are 
usually used on rolls and on punch 
presses where the bearing pressures 
are high. Each machine is oiled by 
the operator. 

Whenever a machine is taken 
down and repaired or overhauled, it 
is always given a coat of paint. This 
freshens up the machine and the 
operator looks on it more as he 
would a new machine and so gives it 
better treatment. 

While many Master Mechanics 
want to do all of any extensive con- 
struction work incidental to the in- 
stallation of new equipment and 
sometimes additions to buildings, I 
much prefer to have as much of this 
as possible done by outside concerns 
on contract. They have better facili- 
ties for doing this kind of work and 
generally the industrial plant man 
has enough to do with his own work 
and the necessary inspection and 
supervision over a firm doing the 
work on contract, without taking on 
the heavy duties which would nat- 
urally be a part of his trying to do 
the work himself. On small jobs it 
is, of course, generally easier and 
cheaper to do them yourself than to 
bring in someone from the outside. 

Repairs to the buildings, floors 
and yards, are, of course, a part of 
the Master Mechanic’s activities. A 
wood floor laid on stringers has 
many advantages and is my prefer- 
ence, except in foundries, around 
furnaces and ovens, presses, and 
similar locations, where it would be 
impracticable. While it is easier to 
truck where the flooring is laid 
diagonally, such floors are very dif- 
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ficult to repair. Floors laid straight 
with aisles are easier to repair. 

As already stated, safeguards are 
commonly designed and installed by 
the Master Mechanic’s department. 
This calls for close co-operation with 
the Safety Department so as to find 
out where safeguards are needed and 
what types of accidents need to be 
guarded against. A safeguard to be 
effective should be substantial, neat 
in appearance and easily removed or 
replaced, if necessary, to permit ad- 
justment of the machinery. The 
safeguards, on the other hand, 
should not interfere with production 
or operation but still effectively 
guard the machine or tool so that it 
is almost impossible for a man to 
injure himself. 

Sometimes these guards are sim- 
ple and at other times more compli- 
cated. For example, in one case a 
guard was installed which requires 
the simultaneous action of one foot 
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of the operator as well as both hands 
of the operator and of his helper. 
In another case, on a straightening 
hammer, a sweep was designed to 
operate by a projecting arm fastened 
to the die head and sliding in a 
spiral groove which passes the sweep 
across the face of the die block in 
such a manner as to knock a hand 
out of the way ahead of the hammer. 
Similarly, guards which protect the 
hands of truckers have eliminated 


A special millwrights’ scaffold or 
platform is used on overhead work. 


The upper illustration shows how 
the scaffold appears when it is 
erected. The lower illustration 
shows how it is knocked down and 
packed on a truck to be taken from 
one department to another. Stand- 
ardized equipment, such as this, 
facilitates maintenance work; this 
scaffold can be adapted for prac- 
tically any job and is easily erected 
and transported. The platform is 
made of five boards, with the toe- 
board hinged on the edge of the 
outside board. The safety chain and 
toe-board are easily installed safety 
features. 
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many of those minor accidents which 
frequently become infected. 

In some cases, it is possible to 
simplify the operation of a machine 
and at the same time as it is being 
guarded. For example, in one case 
on a large shear the foot treadle 
which threw in the clutch was diffi- 
cult for the man to operate in that 
he had to put his entire weight on 
it to trip the clutch. An air cylinder 
was connected in to trip the clutch, 
with the valve operated by the foot 
treadle. Extra guards were placed 
so that the treadle could not be 
tripped accidentally, and, could be 
operated from only one position in 


front of the shear. This made it 


much easier to operate the clutch, 
eliminated fatigue, and so increased 
production. 

Material handling offers many op- 
portunities for the man with some 
inventive genius, and not so closely 
involved in the work as to narrow 
his viewpoint, to suggest or design 
numerous improvements. One in- 
stance is connected with the installa- 
tion of a gantry crane mounted to 
run on tracks on the outside of two 
lines of switch track, as shown in 
the accompanying illustration. This 
is used either with a magnet or with 
a hook and sling to unload all steel 
as received and to load scrap and 
steel shavings on the car for ship- 
ment. The first year this crane was 
put in, it saved the labor of 36 men 
daily for a year and more than paid 
for itself. 

The idea for this was worked out 
roughly and turned in, together with 
the estimated cost and possible sav- 
ing, as a suggestion, before the man- 
agement made any real suggestions 
for research along that line. If 
there is any way in which a Master 
Mechanic or any other industrial 
executive, can add to the importance 
of his position, it is by anticipating 
needs and requirements before any- 
one else and offering a solution for 
them. It may frequently happen 
that his suggestion is not appre- 
ciated at the time, but if he is a care- 
ful student of his problem and has 
faith in his idea, all he has to do is 
to wait and when the right situation 
arises he will be ready to bring out 
his idea again and stand a very good 
show of its being accepted. 

In addition to the larger things 
which require submission to the 
management before they are carried 
through, there are any number of 
little things which come in as a part 
of the work and can be put into ef- 
fect at any time. 
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How some 
industrial plants are 
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Reducing Operating and 


Maintenance 


Costs 


by efficient organization of inspection and mainte- 
nance work, standardization of equipment, and use 
of modern testing and repair devices 


HE primary function of the 

l maintenance engineer is to 
keep the plant running. To 

keep an industrial plant in efficient 
operating condition at all times re- 
quires a well-organized group of men 
who are trained along definite lines, 
together with a system of periodic 
and thorough inspection, backed up 
by facilities to make any immediate 
repairs that may be required. With 
such a background as this, the man 
in charge of operation and main- 
tenance soon sees ways of reducing 
operating costs by rearrangement or 
use of improved equipment, by better 
methods or better equipment for 
making repairs, and by careful test- 


ing to determine the exact status of 
the equipment under his jurisdic- 
tion. 

In the belief that some details re- 
garding the equipment and methods 
used in handling maintenance and 
repair work in various industrial 
plants would be interesting and in- 
structive, the questionnaire shown 
in the accompanying box was sent 
to some of the readers of INDUSTRIAL 
ENGINEER who are in charge of such 
work. 

A study of the letters received in 
response to this questionnaire dis- 
closes that there are various types of 
organizations for handling main- 
tenance, depending not only upon the 
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In this sawmill of the Shevlin-Hixon 
Company, Bend, Ore., there are installed 
more than 200 a.c. and d.c. motors, repre- 
senting a connected load of 3,000 kw. On 
page 68 W. B. Cone describes the main- 
tenance organization and methods used in 
taking care of these motors and the other 
equipment. 


size of the plant, but upon the type 
of industry served. 

Contributors to this discussion 
have pointed out various means that 
they are using to reduce the cost of 
maintenance and operation; the more 
important of these are regular and 
periodic inspection backed up by a 
system of records showing what was 
inspected and when; standardization 
of repair parts for cranes, motors, 
control and other equipment; regu- 
lar checking of air gaps on all mo- 
tors; standardizing on equipment 
that is best adapted to a particular 
application; scrapping obsolete ap- 
paratus and replacing it with equip- 
ment of modern design; making per- 
manent repairs instead of temporary 
ones; careful refilling of all renew- 
able fuses by one man, together with 
more attention to the contact sur- 
faces of blades and jaws of fuse 
clips; filtering of oil to remove 
foreign matter injurious to bear- 
ings; replacing cast-iron pinions 
with steel pinions; and many others. 
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Trouble of a mechanical as well as 
electrical nature is encountered with 
equipment. This is, in the main, due 
to severe operating conditions, such 
as overloading, improper starting, 
acid fumes, carbon, dirt, and water 
as well as poor installation, and lack 
of proper maintenance. 

Use of improved equipment has 
resulted in a marked saving in a 
large number of cases. Among those 
mentioned are the use of sealed 
sleeve, and ball and roller bearings 
for motors and other drives; wider 
use of automatic control, thereby re- 
ducing the number of operators re- 
quired and also reducing the starting 
duty on motors; use of overload re- 
lays, in particular, the thermal over- 
load relay; use of speed reducers in 
dirty locations, thereby greatly re- 
ducing the maintenance required by 
the equipment replaced; use of 
flexible couplings and direct connec- 
tion in preference to other forms of 
drive; changing from belts to silent 
chain drives in some instances; use 
of synchronous motors for power 
factor improvement; and so on. 

The discussions disclose a wide 
use of portable indicating volt- 
meters, ammeters and wattmeters 
for checking and testing the condi- 
tion of various types of electrical 
equipment. Particular attention is 
called to the value of graphic watt- 
meters and tachometers, as well as 
devices for measuring insulation re- 
sistance. 

In the repair shop, too, many im- 
provements have been made that are 
resulting in economies. Among those 
items of equipment that are men- 
tioned as being of particular value 
are, baking ovens; an improved type 
of gasoline spray for cleaning; paint 
or varnish spray guns; portable air 
compressor for blowing out and 
cleaning equipment, oxy-acetylene 
cutting and welding equipment; arc 
welding outfits; and many others. 

The letters giving the details of 
the economies and methods men- 
tioned are quoted below: 
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J. S. Murray, Chief Electrician, 
Follansbee Bros. Co., Toronto, O. Ques- 
tion 1.—Our plant is devoted to the 
manufacture of high-grade automobile 
sheets, from the raw material to the 
finished product. All our equipment is 
completely electrified. We generate all 
of our power, having a consumption of 
about one and one-half million kilowatt- 
hours per month. We have about 600 
motors totaling around 15,000 hp., and 
station capacity of 7,500 kw. Our 
Electric Department employs 94 men, 
and is divided into the following divi- 
sions: Inspection, Repair Shop, Con- 
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struction, Sub-Station, Meters, Crane 
Operators and Coal Mine department. 

For taking care of inspection, plant 
equipment is divided into three sections 
with an inspector and two helpers in 
each of two sections on 8-hr. shifts, 
seven days a week. The remaining 
section has one inspector on a 10-hr. 
day turn, seven days a week. 

At the end of each turn each inspec- 
tor makes out a report, shown in an 
accompanying illustration, which is 


Questions Asked Readers of 


Industrial Engineer 
(1) 


Tell us about your or- 
ganization and methods of hand- 
ling maintenance and repair work. 

(2) How and where have you 
made the largest savings in oper- 
ating, maintenance and repair 
costs? 

(3) What piece of equipment, 
either electrical or mechanical, 
gives you the most trouble? In 
what way? Why? 

(4) What changes or additions 
have been made in the past two 
years to electrical or mechanical 
power drive or material handling 
equipment that have improved 
operating conditions, or cut main- 
tenance and operating costs? 

(5) What kinds of testing 
equipment do you use and what 
have you found most valuable in 
the inspection of plant equip- 
ment? 

(6) What equipment do you 
use in your repair shop? What 
piece or pieces of equipment have 
enabled you to make the largest 
savings in cost of repairing elec- 
trical and mechanical equipment? 


sent to my office. The inspectors are 
responsible for the condition of all 
electrical equipment in their section, on 
motors up to and including the motor 
pinion, as well as all electrical and me- 
chanical work on traveling cranes. 
Each inspector has a third portion of 
the equipment in each of the first two 
sections which he is responsible for 
from a maintenance standpoint, but he 
is always available in the entire section 
in case of a breakdown. These same 
inspectors also make the cranemen 
responsible for cleaning and lubricat- 
ing certain parts of the cranes. 

The Inspection Division is not ex- 
pected to do repair work, except of a 
minor character, on spare parts. Spare 
parts for both mechanical and electrical 
equipment are located at central points. 
The inspector’s report form shown on 
page 69 tells what has been used each 
day and provisions are made imme- 
diately to replace the part. 

Our electric repair shop is located in 
a central portion of the plant and is 
equipped to handle all electrical and 
mechanical maintenance in the Elec- 
trical Department. We have a shop 
foreman, armature winder, machinist 
and repair electrician employed here; 
also we have floor space for two elec- 
trical millwrights who work there at 
times in carrying on millwright work 
in the department in connection with 
bearing re-babbitting, machining fits, 
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and similar mechanical operations. 

The millwright, inspection and re- 
pair shop forces are very closely in 
touch with each other at all times with 
respect to the condition and location 
of required spare parts. 

We maintain a Construction Division 
for the purpose of installing all new 
work and making changes or improve- 
ments when desirable. 

We have operators in a central sub- 
station, shown in the illustration on 
page 71, which contains our blooming 
mill drive, our step-down transformer 
equipment, motor-generator sets and 
air compressor drives. All power house 
feeders enter this building except two 
feeders to our hot mill roll drives. 
Therefore, all low-voltage feeders, both 
a.c. and d.c., leave this substation and 
are under the care of these operators. 

We employ a meter man to maintain 
our meters properly and make the 
proper distribution of power charges 
each month. This man also maintains 
a close check on pyrometer equipment 
at the annealing furnaces and checks 
overload relay settings on the important 
units. He also takes care of any draft- 
ing that may be required, and keeps a 
check on the insulation resistance of 
the more important units. 

We have about 56 cranemen who are 
hired and trained by the Electrical De- 
partment. All cranemen are subject to 
the orders of the Electrical Department 
with respect to the proper handling of 
crane equipment. This system is very 
successful. 

Complete data on all electrical and 
mechanical equipment are filed in the 
Chief Electrician’s office, and cross- 
indexed by a clerk. This clerk also 
balances daily his disbursements 
against his storeroom inventory, on 
both electrical and mechanical spare 
parts, so that the possibility of over- 
looking parts used is very remote. We 
maintain our own storeroom, for im- 
portant parts, adjacent to the electric 
shop, and stock detail parts in the 
regular mill storeroom. 

We have our own coal mine with a 
mine electrician in charge. A motor- 
generator set is located in the center 
of the coal field, with a bore hole for 
direct-current cables leading to the 
mine for mining machines and locomo- 
tives. The maintenance of all equip- 
ment in the mine is done at the mill 
repair shop. 

Question 2.—We believe that stand- 
ardization has saved us more than any 
other one thing. We have found it 
possible to limit the sizes of track 
wheels for the various bridge and 
trolley wheels on 26 traveling cranes. 
No effort was made originally to stand- 
ardize rail sizes or wheel diameters; it 
was accomplished by consideration of 
various axle diameters and hub lengths. 
Very close checks are maintained on 
motor and control parts, so as to keep 
down the variety of parts required. We 
have also made considerable saving 
through the standardization of gears, 
brake wheels, shoes, bushings, etc. 

Question 8.—We have had trouble 
with some of our flexible couplings, due 
to severe service in some cases and lack 
of proper attention in others. We have 
corrected this by installing improved 
types of couplings in some instances 
and devoting more attention to inspec- 
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tion and maintenance of the couplings 
in others. We have also had consider- 
able trouble with mechanical parts on 
forging manipulator cranes which are 
used in forging ingots under a steam 
press. These troubles are being over- 
come by changes of design and using 
better material in parts showing the 
greatest abuse. 

Question 4.—The most outstanding 
saving made in the past two years has 
been brought about by the adoption of 
sealed-sleeve type bearings on our 
general-purpose motors. This type of 

ing has reduced our rewinding 
cost by 40 per cent. Several other 
changes have helped to lower costs, 
such as a more liberal use of auto- 
matic control at our coal mine, sub- 
station, and on hot and cold roll drives. 

Question 5.— For testing we use a 
graphic wattmeter; Weston indicating 
voltmeter and ammeter; Weston 
shunts, 25- to 800-amp. capacity; 
Esterline shunts in 25 to 400 amp. 
sizes; Westinghouse a.c. voltmeter and 
ammeter; Esterline “Utility” current 
transformers, 25- to 800-amp. capacity; 
Weston millivoltmeter, 0 to 300 volts; 
Brown Heatmeter, 0 to 2,000 deg.; 
Biddle Bridge Megger; Jagabi speed 
indicator; stop watch; potential trans- 
formers, 20/1 and 2/1; potentiometer, 
75 to 2,000 deg.; Westinghouse portable 
standard watt-hour meter. We find the 
graphic wattmeter, Biddle Megger, and 
the Heatmeter are of much value in 
performing the work outlined by the 
meter division. 

Question 6.—In our electric repair 
shop we use a 30-in. American lathe, 
shaper, drill press, large wheel press, 
armature banding machine, varnish 
dipping vats and baking oven. We be- 
lieve that from a mechanical stand- 
point the shaper, lathe and wheel press 
make the greatest savings. From the 
electrical standpoint, the baking equip- 
ment permits greater savings on wind- 
ing costs. However, we consider all of 
the equipment indispensable to us be- 
cause of the large amount of mechani- 
cal equipment which we maintain. 
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W. B. Cone, Chief Electrician, Shev- 
lin-Hixon Co., Bend, Ore. Question 1. 
—The Shevlin-Hixon Co., a manufac- 
turer of white pine lumber and lumber 
products, is located in one of the larg- 
est white pine belts in the country. 
The scope of operations not only in- 
eludes regular saw mill operation and 
manufacture of some finished products, 
such as boxes, etc., in the plant illus- 
trated on page 66, but also logging 
a transportation of the logs to the 
mill. 

In the saw mill at Bend, Ore., there 
are over 200 motors requiring both 
alternating and direct current and 
drawing an average load of 3,000 kw. 
from our own power plant. Besides 
operating and maintaining the power 
house and motor drives throughout the 
plant, the Electrical Department takes 
care of a fleet of storage battery in- 
dustrial tractors. 

Our electrical maintenance crew con- 
sists of five men, which is an unusually 
small number for a plant of this size. 
Each man has a great deal to do, but 
due to the definite assignment of re- 
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sponsibility, we are getting very good 
results. When much construction work 
is to be done, more men are added. 

Question 2.—If there is any place 
that the “ounce of prevention” proverb 
applies it is in the maintenance of elec- 
trical equipment. All control equip 
ment is gone over once a month and 
carefully inspected for signs of over- 
load or trouble. Motors are given a 
similar overhauling and all worn parts 
are renewed or repaired. In addition 
to this thorough overhauling, daily in- 
spection is given the equipment by the 
maintenance men assigned to the var- 
ious departments, and who are held 
responsible for the equipment. 

Questions $ and 4.—Fan motors are 
very important machines to keep run- 
ning in a lumber mill, and inasmuch as 
they are mounted overhead so as to 
make room for the sawdust pipes, they 
are difficult to inspect. Besides the 
usual forms of motor protection, we are 
now using a thermal overload relay 
which is mounted directly on the stator 
laminations of these fan motors. These 
relays are arranged to open the circuit 
on the low-voltage release of the com- 
pensator and stop the motor, whenever 
its temperature reaches 65 deg. C. 
These thermal relays keep close watch 
of the motor temperature and danger 
of single-phasing, with resultant burn- 
outs, has been eliminated. 

Question 5.—Our testing equipment 
consists of indicating voltmeters and 
ammeters for both alternating- and 
direct-current service, wattmeter, mag- 
neto, and an insulation resistance 
measuring set with a range of 100 
megohms. This latter instrument is 
indispensable for testing purposes. We 
also have a millivoltmeter for testing 
d.c. armatures. 

Question 6.—We do all our repair 
work in our own shop. In this shop 
we rewind our motors and dip and 
bake the smaller ones in a small baking 
oven. The larger motors are dipped 
and baked in one of the kilns used for 
drying lumber. We make our own coils 
for motors below 10 hp. rating, but 
carry a complete stock of coils for the 
larger motors. In this same shop, brass 
and bronze bearings are bored and ma- 
chined to size and steel-clad bearings 
are rebabbitted. Adjoining the repair 
shop is a storeroom with complete line 
of spare parts and supplies for the 
Electrical Department. This material 
is specified and ordered through the 
Purchasing Department by the Chief 
Electrician. 
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Lee F. Dann, Chief Electrician, Don- 
nacona Paper Co., Donnacona, Que., 
Can. Question 1.—In our plant we 
have approximately 175 motors ranging 
in sizes from 1 to 1,500 hp. There 
are five 1, 500-hp. synchronous motors 
and two 1, 200-hp., wound- rotor, induc- 
tion motors. These machines are in- 
spected weekly, blown out with com- 
pressed air and thoroughly wiped off. 
The air gaps on the motors are checked 
once a month and if any variations are 
shown immediate adjustments are 
made. In addition the insulation is 
given a Megger test once a month. 

The remainder of the motors are well 
distributed in every section and corner 
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of the plant and yard on all kinds of 
drives, and subjected to all kinds of 
acid fumes, temperatures, dust, and 
moisture. 

One man makes two daily inspections 
of all these motors, looking after the 
oiling, cleaning and any other points 
that require attention. From 75 to 90 
per cent of all paper mill motors 
operate continuously 24 hr. a day, six 
days per week; therefore the motor 
inspector must not only watch the 
motor, starter and other electrical 
equipment in each particular case, but 
must also keep a lookout for mechanical 
troubles. Paper manufacture is a 
sequence of operations, one dependent 
on the other; therefore each motor 
must be ready at all times to do a full 
day’s or a full week’s work. Even a 
small motor burning out a bearing 
might cause an expensive shutdown 
and it pays to have a motor inspector 
who keeps a conscientious watch on 
everything. eis 

In the electrical repa shop three 
men are employed, one on each shift of 
eight hours. These men handle all calls 
throughout the mill at any time and 
make the necessary repairs or adjust- 
ments to keep the apparatus running, 
unless a new bearing or a change of 
motors is required. In the latter cases 
they are assisted by both machinists 
and millwrights. In addition, these 
three men repair all machines brought 
into the electrical shop for extensive 
repairs. Practically all rewinding is 
done in the shop. This is necessary 
here as the nearest repair shop able 
to handle this kind of work is 150 miles 
away. Owing to the length of time re- 
quired to obtain repair parts, a fairly 
large supply is kept constantly on 
hand, including coils, magnet wire, 
motor bearings, starter parts, relay 
parts and switch parts. These supplies 
are not in the regular storeroom, but 
are in the electrical shop where they 
can be had at a moment’s notice. The 
repairmen are required to keep a close 
watch on supplies and immediately tell 
the man in charge of any needed ma- 
terial. Five other men are employed 
on new construction, changes and line 
work. The mill has considerable line 
work, as all feeder circuits are run on 
the roofs of the building open con- 
struction. 

We have a system of weekly inspec- 
tion, done every Sunday while the mill 
is closed down. Lists of apparatus 
have been made up and divided into 
what comprises a full day’s work for 
the repairman and a helper drawn 
from the construction gang. It re- 
quires six weeks to cover the plant 
completely; thus each piece of appa- 
ratus is inspected at least eight times 
a year. A few pieces of equipment 
that see severe service and are very 
important are inspected weekly by the 
repairman in addition to his regular 
Sunday work. Lighting equipment is 
cleaned regularly by one of the younger 
helpers in the construction gang. A 
great many of the lamps are in hot 
places rather difficult of access and we 
find it more economical to have the 
work done when the mill is closed down 
on account of the tendency of the men 
to slight the work if done when the 
mill is running. 
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Question 2.—A large saving in re- 
pair parts is due to our regular in- 
spection system. Take, for example, 
100 starting compensators; these re- 
quire numerous contacts and small 
parts which are not very expensive so 
far as first cost is concerned, but can 
be made very expensive unless properly 
and completely used. All contacts re- 
moved from starters are sorted over in 
the shop; those that can be filed or 
ground so as to be used again are laid 
aside and put into working order by 
the repairmen in spare time. These 
second-hand parts are used only on the 
starting position of compensators, new 
ae being used on the running 
si 

Question 3.—Motors, starters and 
associated mechanical equipment used 
in yard service cause the most trouble. 
These installations are more or less 
temporary, and as usual with jobs of 
this kind almost anything goes. Motors 
are never set level, thus causing bear- 
ings to heat through loss of oil and end 
thrust. The natural results of this 
are stators and rotors rubbing, caus- 
ing windings to be damaged, and 
oftentimes burned out. The starters 
and relays are severely used, being 
moved from one location to another 
and often abused by the operators. 

The next in order for serious trouble 
are a few motors under severe operat- 
ing conditions such as pump and fan 
motors in the sulphite mill which are 
exposed to strong acid fumes. The 
windings of these machines are short- 
lived at the best, and in order to keep 
the insulation in operating condition 
the motors are brought into the shop 
two of three times a year and given a 
thorough drying and cleaning; after- 
wards a coat of acid-resisting, insu- 
lating varnish is applied with a spray 
gun. Varnish is applied at various 
pressures depending on the condition 
of the insulation. If the tape on the 
coils appears to be loose or rotten, only 
15 or 25 lb. pressure is used; if tape 
appears to be in good condition more 
pressure is used. 


FOLLANBSEE BROTHERS COMPANY, Toronto, Ohio 


MOTOR INSPECTOR’S REPORT 


A motor inspector’s report, that is 
more than a list of equipment, 
which was supposedly inspected. 
This form is used at the Toronto 
plant of Follansbee Bros. Co. 


Question 4.—The growing tendency 


to use ball or roller bearings and the 
trend towards the use of more direct- 
connected apparatus are important. 
Machines and motors are connected 
indirectly by the use of speed re- 
ducers, of which there are numerous 
kinds on the market. Connecting di- 
rectly is accomplished by flexible coup- 
lings or magnetic clutches. Two years 
ago an extensive addition was com- 
pleted at this mill and all pumps and 
fans that could be direct-connected 
without too expensive a layout, were 
thus connected. These direct-connected 
machines have caused very little trouble 
and the operating expenses have been 
small as compared to some of the 
older belt- or gear-driven apparatus. 
The cost of driving power is much 
less, as the friction load was reduced 
by eliminating belts and countershaft- 
ing. The mill load totals over 15,000 
hp. of electrically-driven machinery 
and a reduction of 1 or 2 per cent of 
the friction load means a substantial 
saving in the power bill. 

Question 5.—In making routine tests 
of motors for power consumption or 
load, we use a Weston polyphase watt- 
meter, with variable-ratio current 
transformers. The potential coils of 
this meter are wound for 600 volts 
and as our motors are all 550 volts, 
with the exception of a few large ones, 
it is not necessary to use voltage trans- 
formers. We usually connect a pair of 
ammeters in series with the wattmeter 
current coils and then by using a volt- 
meter the power factor is easily deter- 
mined and we always have proof of 
the correctness of our meter readings. 
For special tests where load and varia- 
tions are required over a long period 
of time a General Electric graphic 
meter is used. For insulation tests a 
Megger is used and all the large ma- 


chines are given periodic tests. In 
case of doubt on any of the small 
motors, the Megger is again brought 
into service. We find this to be a very 
useful instrument in the repair shop 
on both new and repaired windings or 
other equipment requiring a high- 
potential test. The Megger determines 
the condition of the insulation and if 
it is in good shape the apparatus is 
given a high-potential test. 
stion 6.—Our repair shop is not 

very well equipped as plans are under 
way to build a larger, better shop in 
the near future and then to purchase 
the necessary shop equipment. We 
have a few pieces of shop equipment 
which, while made in the shop, serve 
the purpose very well. For winding 
coils of the many different sizes and 
shapes required we use an adjustable 
form on which both coils for open and 
semi-closed slots are made. In wind- 
ing the coils for open slot machines 
the conventional loop is wound and 
after taping the coils are pulled to 
shape by hand. Coils are dipped in 
varnish and baked over a steam-heated 
coil before placing in the motor. 
Several methods of applying the var- 
nish and several kinds of varnish were 
used on closed slot ceils before we 
found one that suited all. conditions. 

We had a great many old motors 
with soldered rotors and as these were 
a constant source of trouble a remedy 
was needed. Several of these rotors 
were welded and the results were so 
gratifying that the practice was con- 
tinued. Today we have very few rotors 
which give trouble. As soon as one 
shows signs of trouble the motor is 
replaced and the troublesome rotor is 
welded. Many seem to think that weld- 
ing does not pay, due to starting diffi- 
culties. Rotor welding should be done 
only by a welder who knows this work. 
Any good welder can make a tight job, 
but a good many put on so much metal 
that the resistance of the rotor is 
lowered unduly. We have had not less 
than twenty rotors welded and in no 
case have we had starting difficulties. 

In the shop we use a portable spray- 
gun outfit manufactured by the 
DeVilbiss Company, Toledo, Ohio. Mo- 
tors showing signs of oily insulation 
are dried out and sprayed with Ster- 
ling varnish or Ohmaline No. 68, an 
English varnish that is pliable. 
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J. Elmer Housley, Electrical Engi- 
neer, Aluminum Company of America, 
Alcoa, Tenn.—The time-tried watch- 
word of the plant engineer is pre- 
ventive maintenance. Nearly every 
machine gives evidence of distress be- 
fore failure, either by sound, smoke, 
vibration or during regular testing by 
proper meters. Where operation is 
forced and a suitable occasion is not 
presented for inspection and repair be- 
fore failure occurs, one failure may be 
excused. Why should there be a second 
failure? Usually because the under- 
lying cause is not discovered. If there 
is a shaft out of true, a pump out of 
balance or any other condition existing 
that is the cause, there can be no 
elimination of the effect, such as burned 
bearings, until the cause is discovered 
and removed. 
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Maintenance should be given more 
consideration by the designing as well 
as the operating engineers. Should 
troubles develop that were not foreseen, 
the necessary cost of revision is nearly 
always repaid in a short time by sav- 
ings in maintenance and in delays. 

One noteworthy advance in main- 
tenance methods is the increasing use 
of the electric arc welder, with ex- 
cellent results in general plant repairs; 
the use of the welder frequently in- 
vades the fabrication of sheet metal 
parts after it is once in the plant. 

Repair costs are being lowered by 
mechanical transmission devices for re- 
ducing the speed between motor and 
machine. A good fiexible coupling is a 
very necessary adjunct to take care of 
shocks during the starting of the motor. 
In the short period that the new type 
synchronous motors, with clutch devices 
for giving high starting torque, have 
been in service they have made a good 
impression and offer an effective 
method of reducing distribution and 
wiring costs and improving voltage 
regulation. 
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William J. Mildon, Superintendent of 
Power and Equipment, Madeira-Hill 
Coal Mining Co., Philipsburg, Pa. 
Question 1.—Maintenance and repair 
work are under the supervision of the 
Chief Electrician or Master Mechanic 
at each mine, or mines, where there 
are more than one in the vicinity. 
Their assistants are promoted from 
men having experience in the opera- 
tion of the equipment. The number of 
men required is determined by the size 
of plant and ranges from three to 
twenty. 

Question 2.—Savings in maintenance 
and repair costs have been made by 
standardizing on equipment best suited 
to the various requirements, scrapping 
obsolete apparatus, making periodical 
inspections and permanent repairs in- 
stead of temporary ones. Also, the 
installation of a 300-hp. cylindrical 
conical drum hoist, having all wiring 
in conduit, soundproof apartment for 
primary and secondary contactors and 
a resistor rack to facilitate inspection 
and removal for repairs has saved us 
money. 

Question 3.— The equipment causing 
us most trouble is the gathering pumps. 
The trouble is of a mechanical nature, 
due chiefly to the severe operating con- 
ditions, caused by continuous service 
and infrequent loads through pumping 
a mixture of air and gritty water, thus 
cutting packings and cylinder liners. 

Question 4.—A marked saving in 
operating cost was made by the in- 
stallation of an automatic auto-starter 
on a 25-hp., 2,200-volt fan motor, 
which is located two miles from the 
main plant. A saving was also made 
by the application of a silent chain 
drive to replace spiral gears which 
caused too much end thrust on motor 
bearings, resulting in vibration of the 
rotor. The application of 99 per cent 
nickel to replace acid-resisting bronze 
on heavy-duty, high-speed, centrifugal 
pump rotor parts, such as shafts, im- 
pellors, labyrinth rings and wearing 
sleeves, has netted a saving in main- 
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tenance amounting to over 400 per cent 
in two years; the last inspection 
showed no signs of wear. 

Question 5.—Testing equipment that 
we have found of much value in in- 
spection and maintenance as well as 
for power and load tests are, a fault- 
finder or 50,000-ohm magneto for locat- 
ing trouble; portable, d.c. voltmeters, 
millivoltmeters, and ammeters; port- 
able a.c. voltmeter and potential trans- 
formers, ratio 20-1; portable 0/5, 0/10 
amp. ammeters; and 5/25, 50/100-amp. 
current transformers. 

For installation tests the Esterline 
Utility Graphic wattmeter is used in 
conjunction with the above indicating 
instruments and is the most valuable 
of instruments for the reason that 
periodical tests may be compared. 

For testing insulation we use the 
voltage drop test in conjunction with 
an adjustable resistor, or load box and 
ammeter. We use a recording volt- 
meter for testing line voltage, with 
multipliers for a.c. or d.c. If a test is 
to be made only for power consump- 
tion, we use watt-hour meters. 

Oils from transformers, oil switches 
and circuit breakers are tested period- 
ically with a General Electric portable 
oil testing cup and transformer. The 
oil under test must not break down 
below 17.5 kilovolts, when using 1-in. 
discs separated 0.1 in. in the testing 
cup, to be considered in fair condition. 
Below that standard, the oil is filtered. 

Question 6.—The equipment in our 
repair shops consists of thread-cutting 
engine lathes with taper attachment, 
drill presses and radial drills, shapers, 
milling machines, emery grinders, port- 
able electric drills and hammers, port- 
able keyseating machines for field 
work, portable electric grinders for 
truing up large collector rings and 
commutators in their bearings, electric 
mica-cutting saws for slotting commu- 
tators, and electric welders having a 
range of 15 to 250 amp. 

The portable acetylene cutting and 
welding torch is without question the 
most valuable piece of equipment in 
the electrical and mechanical repair 
shop. It can be used on more jobs than 
any other tool and is also the most 
convenient and flexible in reaching 
an ordinarily inaccessible location. 
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H. D. Fisher, Plant Engineer, New 
Haven Pulp & Board Co., New Haven, 
Conn. Question 1.—We do not have a 
very formal organization, as we have a 
comparatively small plant. Our plant 
is arranged so as to form two prac- 
tically separate paper mills, in each of 
which we have a millwright who is 
responsible for the upkeep of the equip- 
ment, with a total of four helpers who 
are distributed as needed. For gen- 
eral service for both mills we have a 
machinist, an electrician who has a 
helper, when needed, a steamfitter with 
one to three helpers according to the 
amount of work in progress and a 
bricklayer for boiler wall maintenance 
and general building repairs. Our 
reason for carrying such a variety of 
help is that paper mill operation is 
continuous, 24 hr. a day, so that it is 
necessary to have sufficient men avail- 
able to make repairs while the machines 
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are shut down. In order to employ 
them economically during the week and 
also have them on hand in case of 
accident or emergency, they do most 
of the minor alterations and construc- 
tion work and also make up as many 
repair parts for machines as possible. 

Question 2.—Periodic, careful in- 
spection and a policy of replacing 
material before it gets to the breaking 
point has done the most to reduce 
repair and upkeep costs. 

Usually some parts can be bushed 
or renewed and kept for spares, while 
if left alone until breakage ensues they 
are junk. Probably our most remun- 
erative single change was driving the 
compensating shaft winder by a motor 
instead of directly from the paper ma- 
chine engine, and replacing the cast- 
iron pinions of the differential mech- 
anism with steel pinions. Formerly 
at times we broke three or four pinions 
a week, costing $5 to $10 apiece, but 
since using steel pinions, and a motor 
drive, which gives a smoother, less 
jerky pull, we have lost only one steel 
pinion. Trouble with the main cast-iron 
gears, which we thought possible with 
the greater stresses transmitted 
through the steel pinions, has not 
materialized. We have also saved 
about half of a man’s time replacing 
gears. Just at present we are having 
considerable trouble with a 24-in. 
vertical belt drive, having 20-ft. vertical 
centers, and 8-ft. horizontal centers. 
This belt, which runs on a 46-in. upper 
pulley turning at 150 r.p.m. and an 
84-in. lower pulley having a speed of 
82 r.p.m., and transmits 100 to 125 hp., 
gives us more trouble than any one 
piece of apparatus. I am using a rub- 
ber belt at present but expect to sub- 
stitute an endless leather belt. 

Question $.—We have replaced sev- 
eral small steam turbines driving heat- 
ing fans with variable-speed, slip-ring 
motors, with considerable economy and 
convenience, as the motors require less 
attention than the small turbines. 

Question 5.— Our principal require- 
ments are power and speed, so that 
our most-used portable testing equip- 
ment is an Esterline graphic watt- 


meter with universal transformers and 


a recording tachometer. We also have 
and use a steam flow meter and pres- 
sure recorder for special tests. 

Question 6.—Our repair shop equip- 
ment is exclusively mechanical as with 
about 50 motors aggregating 3,000 hp. 
in service, we average only about three 
rewinding jobs a year, and with the 
excellent local facilities we cannot 
afford to try to do such work. 
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R. N. Vining, Electrical Engineer, 
Detroit Seamless Steel Tubes Co, De- 
troit, Mich. Question 1. Successful 
maintenance of electrical equipment 
consists essentially of three items: 
First, and most important, systematic 
inspection with an effort to avoid break- 
downs; second, trouble shooting and 
repairs; third, operation, including oil- 
ing. cleaning, switching, etc. 

The number of men required in the 
maintenance force is more exactly 
determined in the reverse order. The 
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power house and each substation re- 
quire an operator to start, stop and 
care for the machines. It is seldom 
possible to use one man for more than 
one station on account of the relative 
locations. Each station is generally of 
such size that one man can handle the 
electrical equipment. The maintenance 
electricians answer all trouble calls by 
locating the trouble and repairing the 
equipment, if practical, without remov- 
ing it from the job. These men are 
generally grouped in pairs, an elec- 
trician and helper forming a unit. The 
repair shop men do the motor winding, 
switch and controller overhauling, re- 
stacking of grids and other general 
repair work. The maintenance elec- 
tricians frequently have time during 
the day to make inspections over some 
section of the factory. This inspection 
is arranged as closely as possible to 
cover weekly all motors in the mill as 
to general inspection, operation, load 
conditions, and condition of motor and 
control both electrically and mechan- 
ically. As often as possible air gaps 
are checked for bearing wear and 
equipment is checked for grounds and 
insulation resistance. 

Question 2.— With a,c. motors, our 
largest savings in maintenance costs 
have been made by frequent checks of 
the bearing wear. The inspector is 
supplied with a thickness gauge con- 
sisting of seven leaves. These feelers 
are in thicknesses of 8, 10, 12, 14, 15, 
16, and 18 thousandths and are each 
12 in. long. The gage is of General 
Electric Company manufacture and 
known as Cat. No. 2155371G1. Gen- 
eral tests of insulation have also 
shown marked savings. 

Question $.—We have experienced 
considerable trouble with a group of 
multi-speed, three-phase, a.c. motors 
operating cut-off machines. There are 
so many leads, 14 in all, and con- 
troller connections, 18 fingers, that we 
frequently have single-phase opera- 
tion. Direct-current motors are better 
adapted to this service. 

Question 4.—One of the most im- 
portant improvements in the last few 
years, in the way of protection to the 
smaller motors, is the development of 
the thermal cutout relay. These relays 
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have proven particularly effective on 
the cut-off drive just mentioned. 
Question 5.—Our most valuable test- 
ing equipment is: an a.c. ammeter with 
multiple-tap, slip-on transformer hav- 
ing ranges from 5 to 400 amp.; a d.c. 
millivoltmeter with shunts of 10-, 100-, 
200-, 500-, and 1,000-amp. capacity for 
measuring current; and a multiple- 
leaf thickness gage for measuring air 
gaps. A Megger is also particularly 
valuable for insulation testing. 
portable graphic millivoltmeter used 
with shunts in measuring d.c. current, 
together with a multiplier for d. c. 
voltage and a magneto driven from the 
motor under test as a. means of re- 
cording speed, are also of great help. 
Question 6.—One of our recent addi- 
tions to the repair shop is a standard 
gasoline torch fitted with a special air 
connection on the back of the burner. 
A small copper tube acts as a syphon 
to the gasoline section. By this means 
a spray of gasoline under pressure can 
be applied to armatures and other 
equipment for cleaning purposes, with 
a considerable saving in time and ex- 
pense over previous methods used. 
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H. E. Stafford, Electrical Engineer, 
Provincial Paper Mills, Port Arthur, 
Que., Can. Question 1.— The plant with 
which the writer is associated has a 
connected load of approximately 7,400 
hp. in a.c. motors and 350 hp. in. d.c. 
motors. We have 155 motors of % to 
1,400 hp. capacity. 

These motors are inspected once 
every 24 hr. Each motor is numbered 
and a card, shown on page 72 is placed 
at each motor. The inspector checks 
off on this card the different items in- 
spected and at the end of two weeks 
the card is brought into the office. This 
plan insures that the inspector gets to 
each motor and being at the motor 
makes it easy to look it over. This 


Operating delays on equipment of 
this nature are being prevented by 
thorough, systematic inspection. 
The maintenance methods used in 
the Blooming Mill Substation of 
Follansbee Bros. Co., Toronto, O., 
are given in J. C. Murray's com- 
ments on page 67. 
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system has worked out very well and 
the daily inspection brings to light 
various troubles that would otherwise 
cause a shutdown were they not de- 
tected early. . 

Question 2.—A power survey was 
made of the plant last February and 
March, and a small number of changes 
were made. Due to increasing the num- 
ber of agitator blades and the size of 
pump impellors some of the motors 
were considerably. overloaded, while 
others had their load reduced. In one 
or two cases it was possible to switch 
motors, as the speeds were identical 
and the horse-power was right for the 
load. In other cases it was necessary 
to use reduction gears, while in two 
cases the speed and horsepower of the 
motors were changed. 

In order to be insured against shut- 
downs of motors of different speeds 
and ratings, but of the same frame size, 
the writer re-arranged a stator to 
develop two speeds, 900 and 1,800 
r. p. m. and another stator of the same 
frame size for speeds of 600 and 1,200 
r.p.m. By making a few changes in 
the sizes of pulleys, these stators may 
be used to replace the stators of 25 
motors of 5 to 25 hp. capacity, with 
speeds ranging from 600 to 1,800 
r.p.m. Probably this is the most out- 
standing convenience in the electrical 
department of this plant, as an outlay 
of about $500 insured 25 motors against 
shutdown longer than the time neces- 
sary to change stators. 

Question 3.—In a pulp and paper 
mill, water is the worst enemy of elec- 
trical equipment. To safeguard against 
water from hose nozzles, bursting 
pipes, and overflowing stock pits, the 
majority of motors and starting equip- 
ment is covered with metal housings 
properly ventilated and accessible for 
oiling and inspection. 

Considerable trouble was encoun- 
tered with the starting resistances of 
d. e. motors burning out, due to the con- 
troller handles being left on some of 
the intermediate steps. By replacing 
all resistances so affected, by others of 
greater carrying capacity, it is pos- 
sible to leave the controller at any step 
for an indefinite period without any 
damage to equipment. Considerable 
time has been saved since the installa- 
tion of these resistances and the cost 
of replacements saved, has more than 
paid for their initial cost. 

Neglect and carelessness may be 
said to be the contributing cause of 
90 per cent of equipment failures. 
Neglect of bearings, using too much 
or too little oil or the absence of the 
use of feelers for air gap measurement 
are contributing causes of motor fail- 
ures. Overfusing and tying-in of 
starter handles are contributing causes 
of not only motor failures but con- 
troller failures as well. 

Question 4.— There have been no 
radical changes in the mechanical and 
electrical drives of this plant of late, 


but provisions have been made for 


changing the drive on two beaters 
from belt to silent chain. The space 
occupied will be much less, the drive 
more positive and replacements fewer, 
besides better operating conditions. 

Question 5.—The apparatus for load 
testing consists of a panel-mounted 
graphic wattmeter, graphic kva. meter, 
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integrating watt-hour meter, indicating 
wattmeter, indicating power factor 
meter, voltmeter and ammeters. The 
portable instruments consist of three 
current transformers, two potential 
transformers, a power factor meter, 
wattmeter, voltmeter and ammeter. 
For insulation testing, an Evershed 
megger is used. All the above appa- 
ratus is used at regular intervals for 
a general check, or as often as emer- 
gency cases warrant. 

Question 6.—The electrical repair 
shop is equipped with a portable wind- 
ing table and chain block, a portable 
air compressor for blowing out motors 
and running small air tools, an impreg- 
nating tank for small and medium- 
sized motors, an electric oven for bak- 
ing and drying motors and equipment, 
an emery wheel, complete set of pipe 
fitting tools and commutator stones for 
all sizes of machines in the plant. The 
air compressor mentioned above can be 
taken to any part of the plant. The 
baking oven is of 5-kw. capacity, built 
up of Cutler-Hammer space heaters 
and provided with a portable hood. 

Probably the greatest saving in time 
and equipment has been made by the 
portable air compressor which, equipped 
with 250 ft. of three-conductor cable 
and 150 ft. of air hose, can reach the 
remotest and most inaccessible motor 
in the shortest possible time. 
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W. W. Lankton, Assistant Electrical 
Engineer, Detroit Copper and Brass 
Rolling Mills, Detroit, Mich. Question 
1.—The electrical work in our plant 
is handled by a crew of 19 men ex- 
clusive of crane operators, of which 
there are seven, and one girl for office 
work. This includes the Electrical 
Engineer and assistant, two construc- 
tion journeymen and two helpers, five 
maintenance men, one for each mill 
and two for night duty, one armature 
winder and helper, three repair shop 
men, one of whom has charge of all 
instruments, meter repair and testing, 
and one stock man. 

The most effective distribution of 
maintenance work that we have found 
so far is to make one man directly 
responsible for all electrical mainte- 
nance in one section of the plant. He 
has his headquarters at the substation 
in his section and is thus available for 
all trouble shooting or minor repairs. 
If extra help is needed a telephone call 
to the shop brings a repair man. 

This direct fixing of responsibility, 
in connection with daily written reports 
from each maintenance man to the 
office of the Electrical Department, 
produces excellent results. These 
reports are not intended to be lists of 
the number of hours spent on different 
kinds of work, but include delays to 
productive machinery, with length of 
time thereof and causes; also, all un- 
usual troubles, or ordinary trouble 
which is constantly recurring and 
might be remedied by some change in 
apparatus or otherwise, and in fact 
any information of interest. 

Question 2.—Large savings in main- 
tenance costs have been made by the 
installation of overload relays on all 
motors. These have reduced our trouble 
calls by 60 per cent. 
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Fused switches are used for line 
protection and all starting units are 
made up with non-fused disconnecting 
switches of the safety type. In the 
case of phase-wound motors in sizes 
up to 100 hp., all the starting equip- 
ment is assembled in one frame as a 
unit. The disconnecting switch, oil 
switch with overload relays, controller 
and starting resistor are all mounted 
compactly on a pipe frame with base 
made up of channel iron. 

We have used the standard types of 
renewable fuses since these were first 
placed on the market and have found 
them very satisfactory when properly 
refilled. Our practice has been to have 
all blown fuses brought to the shop 
where they are thoroughly cleaned and 
refilled by one man. After filling, the 
ferrules or contact blades are polished 
on a small buffing wheel and the fuses 
are placed in racks marked with the 
different sizes. The current rating is 
also stamped on all shells to avoid any 
mistakes in size. 

Six steam engines ranging in size 
from 300 to 1,500 hp. have been re- 
placed by electrical drives in our plant 
since 1918. One of the latest and 
possibly the most interesting of these 
installations is partially shown in the 
illustration on page 73. The rope drive 
was on a hot copper rod mill inter- 
mediate and run-down drive and was 
replaced by a two-motor and Falk her- 
ringbone gear drive, as shown under 
construction in the illustration at the 
left. The motors of 400-and 200-hp. 
rating, are connected to opposite ends 
of the same shaft and either one or 
both may be run according to the load 
requirements. The controls are inter- 
locked so that the 400-hp. motor is 


This motor inspector's lag 
covering a period of two weeks, is 
used in a paper mill. 

Details regarding the use of this 


form are given in H Stafford's 
comments on page 71. 
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always started first and when both are 
running either may be tripped off as 
desired. One great advantage of this 
arrangement over a single motor drive 
is that better power factor and 
efficiency conditions are obtainable due 
to the fact that the motors can be 
run at or near full load, under condi- 
tions of light load on the mill, the mill 
load varying with the size and shape 
of the bars. 

The break-down unit of this mill, 
which was driven by the same engine, 
was replaced by a single 300-hp., phase- 
wound motor with Falk gears and fly- 
wheel. A small amount of fixed re- 
sistance made up of flat bars of nickel 
silver is connected in the secondary 
leads of this motor to enable the fiy- 
wheel to absorb the peak loads of short 
duration. 

Question 5.—A fairly complete line 
of testing equipment is essential in any 
large industrial plant, but the two in- 
struments which have been of the most 
outstanding value are the curve-draw- 
ing wattmeter for study of load con- 
ditions on all sizes of motors, and the 
Megger for testing insulation resist- 
ance of large generator and motor 
windings, and high-voltage, lead-cov- 
ered cables, particularly at the time 
of installation or repair. 

The aforementioned graphic watt- 
meter is arranged to be direct reading 
on all sizes of motors. This is accom- 
plished by means of one pair of plug- 

current transformers which are 
adjustable to ratios of 25/5, 50/5, and 
100/5 amp. and one pair of 1,000/5 
split-type current transformers which 
may be adjusted for ratios of 500/5 
or 250/5 by looping two or four turns 
of cable through them for the primary. 
The direct reading feature is obtained 
by a series of chart rolls, one corre- 
sponding to each transformer ratio. 
This direct reading of the chart with- 
out the use of multipliers is of inesti- 
mable value when discussing load 
conditions, etc., with company officials, 
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Change from rope drive to geared 
motor drive resulted in marked 
economies in a hot copper rod mill. 


This mill in the plant of the Detroit 
Copper & Brass Rolling Mills, De- 


troit, Mich., was originally driven 
by a steam engine through a rope 
drive, as shown in the illustration at 
the right. This was replaced by a 
Falk reduction gear driven by two 
wound-rotor induction motors con- 
nected to the same shaft, as shown 
in the left-hand illustration. 


as the data when presented in connec- 
tion with the chart are thereby made 
more convincing. 

The curve drawing meter also has a 
peculiar psychological effect. When- 
ever it is being set up on a motor- 
driven machine, the operator almost 
invariably goes over his machine very 
carefully, oiling all parts and looking 
over belt and pulleys. In some cases 
of overloads, the trouble is immediately 
rectified in this manner. 

Question 6.—In our winding depart- 
ment we are using the Segur coil form- 
ing and taping machines and a coil 
winder of the Segur type; also a port- 
able Franklin crane for handling mo- 
tors and heavy parts. All new wind- 
ings are dipped or sprayed and baked 
in an electrically-heated oven which we 
have constructed ourselves. The latest 
valued addition to our equipment in this 
department is an oxy-acetylene lead- 
burning torch for use in soldering coil 
clips, etc. This is particularly valuable 
for use on the coil clips of large rotors. 
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Lyle Hendricks, District Electrician, 
Pickands, Mather & Co., Hibbing, Minn. 
Question 1.—The supervision of the 
electrical and mechanical equipment at 
all of our properties comes under the 
jurisdiction of the Chief Mechanical 
Engineer at our general office in Du- 
luth. This includes twenty-five iron 
mines in Minnesota, Wisconsin, and 
Michigan. District Electricians or 
Master Mechanics are directly in 
charge of their respective equipment 
in the different districts into which 
this territory is divided. One or more 
mine electricians and helpers are lo- 
cated at each of the mines having 
sufficient electrical machinery to war- 
rant their employment. These men 
form a district gang, and are moved 
from mine to mine on the larger jobs. 
The fact that the work is seasonal, 
having an operating season of only six 
months at most of the mines, makes it 
very difficult to form a permanent 
organization. 

Questions 2, 8 and 4.—The electri- 
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fication of the underground mines has 
been very largely carried out and has 
shown important savings in operating 
costs. Probably the most important of 
the recent changes in mining methods 
has been the introduction of slusher 
loading to replace hand shoveling. Both 
air and electric tuggers are used, but 
as the power cost ratio is about 18 to 1 
in favor of the electric, the air tugger 
is fast becoming obsolete. Both the 
haulage and slushing equipment are 
handled by inexperienced labor and re- 
quire considerable maintenance. Trolley 
and light wiring underground require 
a great deal of attention, due to the 
heavy caving conditions. 

The electrification of the open pits is 
of a more recent nature but bids fair 
to be more important than that of the 
underground mines. Electric shovels 
of all sizes have been introduced and 
are proving superior to the steam 
shovel, both in point of economy of 
operation and reliability of service. 
This applies especially to the large re- 
volving shovels. Electric blast hole 
drills of the well-rig type are generally 
used and give very good service. Their 
superiority is especially noticed during 
the winter. Power for both electric 
shovels and drills is provided through 
rubber-covered cables, and these cables 
receive very severe service. Electric 
locomotives are used at some of the 
mines and one pit is completely elec- 
trified. Crushing and washing plants 
are used at some of the mines and in 
all cases are completely electrified. 
Practically all open pit machinery re- 
quires a great deal of maintenance due 
to overloads, abuse, exposure, etc., and 
quick repairs are essential. 

Question 5.—For the maintenance of 
our electrical apparatus we have the 
following equipment; oil testing trans- 
former, portable “Meg” insulation 
tester, rotating standard watthour- 
meter indicating ammeters and volt- 
meters and the necessary instrument 
transformers. Transformer oil is 
tested yearly, and the insulation resist- 
ance of the larger electrical apparatus 
is measured just before the spring 
operating season. Watt-hour meters 
are tested every year and the resist- 
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ance of pipe-driven grounds is meas- 
ured during the dry season. 

Question 6.—At present we do not 
have a fully equipped district electric 
shop, but have small shops at the 
mines and repair work is carried on in 
connection with the machine shops. 
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A. Hauswald, Chief Electrician, De 
La Vergne Machine Co., New York, 
N. Y. Question 1.—The company with 
which I am associated, builds refrig- 
erating machines, installs ice plants, 
and builds and erects oil engines of 
the Diesel type, made in sizes from 40 
hp. to 1,000 hp. This company em- 
ploys 350 men in the shops. 

The maintenance work in the Elec- 
trical Departmént is taken care of by 
three electricians and myself. ind- 
ing of armatures is let out on contract, 
as it does not pay us to do this class 
of work; we seldom have a breakdown 
of this kind. 

We erate our own power and 
deliver about 1,000,000 kw.-hr. yearly 
to the shops and offices for light, heat 
and power. 

Question 2.—In the past two years 
I have made several changes to the 
electrical equipment, which have re- 
sulted in a saving of time and money. 
For instance, I have a clock and 
periodograph time- recording system 
which were operated from a 48-volt 
storage battery. This battery also 
furnished current for bell systems and 
a watchman clock system. I revamped 
the various circuits by re-connecting 
them from a straight series system to 
a parallel-series system. By doing so, 
I eliminated one 24-volt storage bat- 
tery, plus half of the time that would 
be spent in locating trouble on the 
straight series system when an open 
circuit occurred. 

Question 4.—We have installed two 
new 15-ton Niles cranes during the 
past two years, one in our erecting 
shop, where engines are set up for test. 
Now, to speed up this work, we have 
two cranes operating on the same rails 
in the one shop. None of the mechanics 
on the test floor has to wait for crane 
service. 

Another 15-ton crane was installed 
in the yard where engine frames and 
other castings are stored. 

A new 4-ton electric elevator was 
installed to replace an old 2-ton 
hydraulic elevator which was in serv- 
ice some 85 years. The new electric 
elevator is of higher speed, which also 
speeds up production. 

Several very old motors were 
scrapped, due to the fact that the upkeep 
was high, because they were trouble- 
some and delayed production and in- 
creased maintenance costs. These were 
replaced by spare motors which I had 
on hand and which were in better 
shape than the old ones. 

Question 5.—I have several graphic 
meters, voltmeters, ammeters, all of 
which are of the direct-current type, 
and are used for testing. We also have 
a Standco Megohmmeter which is used 
to check insulation resistance and can 
also be used as a voltmeter. I find 
this latter instrument a necessity for 
measuring the insulation resistance of 
motors, generators, and power circuits. 
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A. B. Adams, Electrician, Elgin Na- 
tional Watch Company, Elgin, III. 
Question 1.— The general formula for 
successful and economical electrical 
maintenance in a watch factory is in 
no way different from that of any other 
manufacturing institution. While it is 
true that the apparatus may not be 
as complicated or in such large units 
as in steel mills, automobile factories, 
and the like, certain rules must be laid 
down by the management and rigidly 
enforced, to lessen the personal injury 
and fire hazards. 

Notices are posted jn conspicuous 
places in every department in this 
factory warning the employees not to 
meddle or attempt to make any elec- 
trical repairs; they are forbidden even 
to take a shade from its holder—this is 
a rather drastic rule, but it brings in 
100 per cent interest each year. 

Our power plant furnishes current 
for about 8,000 lamps and about 300 
a.c. motors ranging in size from 1/30 
to 175 hp. About 95 per cent of these 
motors are of the three-phase, 60-cycle 
induction type. All new motors are 
taken apart and given a rigid inspec- 
tion, the rotors are tested for poise and 
loose bars, and the oil grooves in the 
boxes are enlarged in many cases. Any 
unusual noises in operating motors are 
reported and depth gages are used to 
find if this is due to improper clear- 
ance between the rotor and armature. 
A difference of 0.01 in. in gap over the 
original measurement is all that is per- 

missible, and new bronze boxes are in- 
stalled when this value is exceeded. 
Wattmeter readings are made when 
motors are put in commission, to insure 
that they are not overloaded. 
. Question 2.—Due to the oil used, in 15 
years there have been no frozen boxes, 
and lubricating troubles are a thing of 
the past. All motors are oiled each 
week and where possible oil gages have 
been installed to show that the proper 
level is maintained. Nearly all motors 
are hung upside down and fastened to 
the ceiling beams; the use of portable 
hoisting elevators has made the in- 
stallation of them a simple and easy 
job. Idlers are installed wherever pos- 
sible and the ceilings over the driving 
line shafts have been recessed to permit 
the use of 36-in. pulleys. This makes 
possible the use of a larger motor pul- 
ley, and they are made wide to insure 
good traction. A few years ago many 
motors of the double-drive type with 
4-in. pulleys were in use, but these have 
been altered to a single drive, as it was 
found difficult to get two belts on the 
same size pulleys, and connected to the 
same lineshaft, to pull alike. 

Question 3.—In this plant there are 
in operation hundreds of automatic 
machines and lathes, most of which 
are push-button controlled. Each ma- 
chine has a tell-tale lamp which lights 
when the machine automatically shuts 
down on account of running out of 
stock, broken drills, or other troubles. 
Nearly all of these machines are piped 
for oil and compressed air, and the 
room as a result is heavy with vapor. 
The oil in time eats all the insulation 
from the wires and leaves just the out- 
side linen braid for protection. There 
were several small fires as a result of 
grounds and short-circuits, and many 
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calls for service. At the present time 
all machines are wired with white-braid 
Underwriters’ wire, which is imper- 
vious to oil, and shutdowns have been 
reduced to a minimum. On many of 
these machines a very high speed is 
maintained and a very small chip is 
turned from the stock. These chips 
resemble particles of fine emery dust. 
This dust would mix with the oil and 
work into the bearings, causing con- 
tinual repairs to spindles and revolv- 
ing heads. To correct this, all oil is 
now run through a succession of felt 
filters and over a huge electromagnet 
measuring about 8 ft. in length and 12 
in. wide. At this point the steel chips 
stop and the clear oil is pumped back 
to the machines. 

Another disturbing element to the 
maintenance man is the burning out 
of immersion coils which are used to 
heat oil to a temperature up to 475 
deg. F. Thermometers were placed in 
the oil kettles and the operator was 
supposed to pull the switch when the 
high mark was reached. Sometimes he 
did, and again he did not until the oil 
was almost at the flashing point. There 
is no guesswork now; automatic relays 
and thermostats regulate the heat. The 
cost of this apparatus ran into money, 
but it pays big dividends. 

One of our most persistent troubles 
was the adjustment of the department 
gongs, which ring six times each day. 
These were continually needing adjust- 
ments. Alternating-current siren horns 
have been substituted and after four 
years of service none has yet been 
taken down. 

Starting compensators with auto- 
matic no-voltage release have been a 
great help. Most of the automatic ma- 
chines require a uniform speed for suc- 
cessful operation, and functioning of an 
overload relay would prevent broken 
drills and cutters and hours of labor 
resetting new ones. 

Owing to the smallness of most of 
the work throughout the factory, each 
machine inspector or operator requires 
an individual light or two. General 
illumination is used only in the offices. 
By a special ruling of the Under- 
writers, drop cords with adjustable 
weights and pulleys are in general use. 
The weight cords are all double-tied 
and wired against untying. 

The maintenance force consists of 
four men who do all the repairs and 
new wiring for lights and motors on 
Company property. During a period of 
20 years on the job, the writer knows 
of no shutdown or loss of time that 
could be attributed to poor or careless 
work, and no employee has ever been 
seriously injured. 
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Nathaniel H. Case, Chief Electrician, 
Wyckoff Drawn Steel Co., Ambridge, 
Pa. Question 1.—We have installed in 
our plant 85 a.c. motors ranging in 
size from ½ to 100 hp., 30 d.c. motors 
ranging from 1 to 70 hp., 16 electrically 
operated 2- and 3-ton hoists, and one 
10-ton crane. As our plant is still ex- 
panding, construction, maintenance, and 
repairs are handled by the same men. 

Question 2.—Data cards are kept on 
all repair jobs, such as changing oil 
in bearings, auto-starters, compensa- 
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tors, replacing bearings, brushes, new 
parts on hoists, cables, etc. A glance 
through the card index may show a 
certain hoist using more cables than 
others. An examination of the drum 
on this hoist may prove that the grooves 
have become worn to such an extent 
that the edges are very sharp causing 
a shearing motion, which cuts the out- 
side cable strands, causing the cable to 
wear out much faster than necessary. 
Under these conditions we find our 
index a guide against bad break downs, 
and also a money saving scheme on 
repairs. 

Data cards are also kept on chains, 
showing the location of the chains, 
when annealed, repaired, etc. 

Much expense has been saved in re- 
pairs to motors by cutting out defective 
coils from d.c. armatures and also 
stator coils from a.c. motors. We have 
been operating a 10-hp., 440-volt a.c. 
motor for over a year with seven coils 
cut out, and it is still going good. 

By the use of commutator stones we 
have been able, by touching up our 
commutators now and then, to operate 
our commutator and slip ring motors 
for a period of six years without hav- 
ing one turned in the lathe, which we 
all understand takes a considerable 
amount of life from a commutator. 
Hence we figure the stones a very good 
investment. 

Question 8.—Our monorail hoists 
consist of two 3-ton hoists mounted on 
the same beam, one 10 ft. in front of 
the other and connected together by 
means of a steel bar. The trolley mo- 
tors are connected in series so that 
both may have the same speed. This 
outfit was at first operated on the 
lower flange of a 10-in. I-beam. Due 
to the sharp curves and the frequency 
of the trips, the flanges of the I-beam 
became worn and sharp, which soon 
cut the flange of the wheels to such an 
extent that the hoist climbed the beam 
flange, causing cutting of the side cast- 
ing and placing the hoist in a position 
to snap a casting and fall to the floor. 
This was overcome by placing 16-lb. 
rails on the lower flange of the beam. 
Wider flat wheels were installed in 
place of the bevel track wheels formerly 
used. This gave us a wider working 
surface, longer lived wheels, and longer 
lived track. 

Question 5.—We use both a.c. and 
d.c. portable voltmeters and ammeters 
for testing individual motors in order 
to obtain load characteristics of each 
machine. A record is kept of the dif- 
ferent tests showing the load, speed, 
and the amount of work done under 
these conditions. It often occurs that 
a certain amount of work must be done 
in a certain time which would require 
pushing the machine. A glance at the 
data card listed under this machine 
will show just what the machine will 
stand. Under these conditions if a 
machine is loaded to full capacity or 
over, every one concerned in its opera- 
tion is aware of the fact and knows it 
will stand watching. This is, to our 
knowledge and experience, a much 
safer and more economical method of 
operation, than to slam a big load on 
a machine blindfolded, and then when 
something breaks it is discovered that 
the load was too much for the motor. 
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How to Get the Most from 
Your Lighting System 


together with a discussion of what better lighting 
costs, how much better lighting is worth to you, and 
maintenance methods that will improve faulty light- 
ing conditions in your plant 


or is usually the basis for 
the most strenuous objections 
on the part of the operating 
executive to installing a new light- 
ing system or revamping the exist- 
ing installation. However, in spite 
of the fact that better lighting ap- 
parently costs more than poor light- 
ing, a close analysis will almost 
always prove that poor lighting is 
really more expensive than good 
lighting. 

The lighting system of a factory 
should be considered as important 
as a labor-saving machine, rather 
than as an expense-building item. 
When new improvements are 
brought about in a machine so that 


By ROY A. PALMER 
National Lamp Works of General Electric 
Company, Cleveland, Ohio 
through economies in labor and in 
time, it can be made to pay for it- 
self within a reasonable period, the 
old machines are promptly discarded 
in favor of the new machines. 
Better lighting has demonstrated 
its effectiveness in increasing pro- 
duction, decreasing accidents, and in 
many other ways benefitting the 
factory owner and worker. These 
benefits are the dividends from an 
investment in better lighting which 
more than pay for the added cost. 

The cost of lighting is usually 
compared with the payroll, since 
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Fig. 1—Refinishing the walls and 
ceilings will improve their reflect- 
ing qualities and increase the 
effectiveness of the lighting system. 


Grimy, discolored, or dark-colored 
walls and ceilings reflect light 
poorly and give an unattractive ap- 
pearance to the factory. Painting 
with light-colored paint greatly 
improves this situation. In this 
illustration, paint spray guns are 
being used to speed up and cut the 
cost of the painting operation. 


wages are one of the major items in 
production expense and it is possible 
by this comparison to determine the 
value of light in aiding production. 
For example, a worker paid at the 
rate of 60 cents an hour receives 
one cent a minute. A 200-watt lamp 
will provide illumination for the 
worker and will cost less than 5 
cents to operate for a period of 8 hr. 
If through the day, the worker 
should lose 5 min. in groping about 
for tools or material hidden by dark 


shadows because of poor lighting, 


the cost of a whole day’s light is 
lost. If, on the other hand, his 
actions and speed of vision are so 
increased by better lighting that he 
is able to turn out 10 per cent more 
work, the cost of the lighting is paid 
for many times over. In the nine 
tests which have been previously 
mentioned in this series of articles, 
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the average increase in production 
resulting from better lighting was 
12.2 per cent while the increased cost 
of lighting averaged 1.96 per cent 
of the payroll. 

Thus we see that if increased 
production were the only benefit re- 
sulting from better lighting, it would 
pay to equip a plant with the best 
lighting system obtainable. For- 
tunately, the reduced number of 
accidents, less spoilage, improved 
product, better working conditions 
and satisfied employees are addi- 
tional benefits which result from 
better lighting and which help to 
justify the added cost. These bene- 
fits are obviously difficult to evaluate 
in dollars and cents, but nevertheless 
they are worthy of serious consid- 
eration. The cost in lost time and 
in compensation for a single acci- 
dent which might be caused directly 
or indirectly by poor lighting would 
perhaps pay the cost of good lighting 
for a whole year. 

For many years past, there has 
been a constant rise in living costs, 
which reached a peak shortly after 
the war. The cost of light has, how- 
ever, declined and at the present 
time it costs less to operate a 100- 
watt Mazda lamp than it does to 
burn a wax candle. 

The reduction in the cost of light 
can be attributed to three factors: 
(1) Reduction in rates for electric 
energy. (2) Improvements in the 
efficiency of lamps. (3) Reduction 
in prices of lamps. 

Notwithstanding the fact that the 
cost of fuel has almost doubled since 
1914 and that labor and supplies 
have increased considerably, the 
rates for electric energy have re- 
mained practically constant since 
1914. Previous to this period, 
there had been a reduction in the 
rates for electric energy in each 
year since electric lighting was first 
used. | 

Improvements in incandescent 
lamps have been such that more 
light is obtained for a given con- 
sumption of current. Since in many 
cases the cost of lamps is, according 
to the National Electric Light 
Association, less than 10 per cent 
of the total bill for electric current, 
the improvements in the efficiency of 
a lamp are important. Better 
manufacturing methods and the 
greater use of labor saving machin- 
ery have brought about a reduction 
of 87 per cent in the prices of lamps 
during the past two years. 

With the improved efficiency and 


cost of electric energy, 
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the low cost of lamps and the low 
artificial 
light is cheaper now than it has 
been at any other time. In Fig. 2 


is shown how these changes have 
taken place during the past forty 


Do Not Let These Items 
Steal Light in Your Plant 
(1) Dirty reflectors and lamps. 

(2) Darkened walls and ceilings. 
(3) Depreciated lamps. 

(4) Empty sockets. 

(5) Unobserved burnouts. 


(6) Improper size or wrong volt- 
age applied to lamps. 


years. In view of the fact that good 
lighting can now be obtained so 
cheaply, it should be the duty of 
every industrial executive to pro- 
vide lighting systems in his plant 
which are of the most modern 
design. 

Because we have always built our 
homes and buildings so as to utilize 
daylight to a considerable extent, we 
rarely think that daylight in in- 
teriors costs money. In a paper out- 
lining an investigation of the cost of 
daylight, Messrs. Luckiesh and Hol- 
loday showed that in general, day- 
light costs about the same as electric 
light. Large window areas and 


skylights cost more than walls or 
roofs; 


heat losses occasioned by 


about as follows: 


CHARACTERISTIC OF 
LOCATION 
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Cleaning Schedules for Lighting Fixtures Used Under 
Different Conditions 


Where direct lighting systems are used, i. e., where there are no reflecting or diffusing 
surfaces concave upward to invite dirt accumulation, the interval of cleaning should be 


INTERVAL IN Days 
Ir UNITS 
WIPED Our“ 


Where open semi-indirect or totally indirect units are used: 


INTERVAL IN Days 
Ir Units ARE 
WiIrED Our 


*Washing every third or fourth interval assumed. 
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glass are sometimes an item of ex- 
pense; cleaning and repair costs are 
perhaps the largest expense, while 
consideration should also be given 
to the investment in ground area 
occupied by light courts. All of 
these factors are chargeable to day- 
light and hence due weight should 
be given them when planning the 
lighting arrangements. 

After buying an automobile, it is 
expected that at various intervals 
the machine will need to be washed, 
parts repaired or replaced, and at- 
tention given to other details, all 
of which are called maintenance. 
Peculiarly enough, there are many 
factories in which new lighting 
systems have been installed and 
then entirely neglected, except, per- 
haps, to replace a burned-out lamp. 
The lighting system is not very 
different from the automobile 
from the standpoint of maintenance, 
except that when the motor is neg- 
lected and refuses to work the 
whole car is useless, but the lighting 
system, even though neglected, works 
faithfully in part at least. Burned- 
out lamps occur only in spots 
throughout the plant and do not 
materially affect the remainder of 
the lighting system. 

But there are other factors which 
enter into the maintenance of light- 
ing systems that rob the factory of 
the benefits which good lighting 
systems contribute. The loss of 


INTERVAL IN Days 
Ir UNITS ARE 
THOROUGHLY WASHED 
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INTERVAL IN Days 
Ir UNITS ARE 
THOROUGHLY WASHED 
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Fig. 2—The cost of electric light 
has shown a steady decrease since 
its inception forty years ago. 


As may be seen by the solid line 
the amount of light that can be 
bought for one cent has increased 
until it now stands at 1,240 lumen- 
hours for a 40-watt Mazda lamp. 
The dash line shows the decrease 
in the cost of energy, while the 
dotted line shows the decrease in 
the cost of lampa. 


these benefits constitutes a loss in 


dollars and cents and, therefore, 
maintenance can rightfully be con- 
sidered as part of the cost of 
lighting. | 

The fact that better lighting in- 
creases production, decreases acci- 
dents, spoilage, and labor turnover, 
indicates that the difference between 
good lighting and inferior lighting 
is of more than ordinary importance. 
It indicates further that the operat- 
ing executive cannot afford to permit 
the 
through neglect 
lighting units clean and proper 
lamps supplied. Experience has 
shown that one-fourth or even one- 
half of the light which the illumina- 
tion system is capable of giving is 
sometimes wasted because of lack of 
proper maintenance. 

The common neglect in the care of 
lighting systems can be attributed 
to the fact that few realize how 
rapidly and to what extent dirt and 
dust cut down the output of lighting 
systems. Fig. 8 shows in graphic 
form how dust and dirt affect the 
light output of a reflector. The 
accumulation of dust upon lighting 
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units is so gradual that it is impos- 
sible to discern how materially the 
illumination is affected from one 
week to the next. The character of 
the surroundings will, of course, de- 
termine the rapidity with which the 
lighting is affected. In relatively 
favorable locations where there is 
not an excessive amount of smoke 
and dust, there will be a depreciation 
of from 10 to 25 per cent in four 
weeks’ time. In excessively dirty 
locations the depreciation may be 
as high as 40 per cent in the same 
length of time. The use of a foot- 
candle meter will assist in deter- 
mining when there is need for giving 
careful attention to the lighting 
system. 

The amount of light that is re- 
ceived at the work is dependent to 
some extent upon the reflecting 
power of the walls and ceilings. 
When dirt and dust have darkened 
them, less light is reflected and con- 
sequently the illumination upon the 
work is reduced. The lost light due 
to darkened walls and ceilings can 
be restored by refinishing them with 
a flat white or very light, cream 
colored paint. 

Fig. 4 shows the results that 
were obtained in three investiga- 
tions that showed failure to observe 


simple maintenance requirements. 


Figs. 4 and 5—Some of the things 
to check when attempting to im- 
prove your lighting. 


Fig. 4 shows the results obtained 
from three tests made with a foot- 
candle meter in three different 
Plants. In each case there are 
given the results obtained after 
replacing worn out or wrong volt- 
age lamps, and after refinishing 
walls and ceilings. Fig. 5 shows 
the effect of burning lamps over 
and under rated voltage. Over- 
voltage shortens the lamp life con- 
siderably, while operating the lamps 
at under-voltage decreases the light 
output as well as lowering the lamp 
efficiency, although it does increase 
the lamp life. For the average user 
the best condition is obtained when 
the lamps are burned at rated 


voltage. 
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for the average lamp 55 light per Geher is obtained by burning lampe 


Fig. 3—How dust and dirt affect 
the light output of a reflector. 


Curve A shows the light output in 
candlepower of the reflector when 
dirty. When merely wiped out the 


lighting was increased eatly as 
shown at B. After the reflector was 
thoroughly washed the output was 
as shown at O, which is nearly 
double that shown at A. 


The use of an air brush or paint 
spray as shown in Fig. 1 will greatly 
speed up the work of refinishing 
walls and ceilings. 

When it is appreciated that the 
value of light lost through neglect 
of proper maintenance comprises 
not only the cost of the energy, but 
also a loss in efficiency on the part 
of the workers and a lowered output 
of the entire plant in general, it is 
obvious that the slight cost of regu- 
lar attention to the lighting system 
is indeed relatively small. It is 
advisable that a reliable employe be 
designated to check up regularly on 
the lighting system according to a 
definite schedule. Merely wiping out 
the unit will not always accomplish 
the desired result. Experience has 
shown that wiping out a unit results 
in only about two-thirds the in- 
crease in light that is produced by 
a thorough washing with soap and 
water. A schedule of inspection 
periods recommended for different 
operating conditions is given in the 
table on page 76. 

The cost of maintenance will, of 
course, vary with the size of the 
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plant. In a plant that is large 
enough to require the entire time of 
one man, the cost of cleaning should 
not exceed 3 cents per unit in the 
case of open reflectors. 

It is important that lamps of the 
proper size and voltage be used. 
Errors usually occur in replacing 
burned-out lamps. Labeling the re- 
flectors with the proper size of lamp 
will assist in preventing lamps of 
the wrong size from being used, 
while the measuring of the line 
voltage with a voltmeter and care 
in ordering lamps to correspond 
with that voltage will guard against 
obtaining lamps of improper voltage 
rat ing. 

Incandescent lamps are rated for 
a given light output, when operated 
at the voltage indicated on the label. 
If the lamp is burned at a higher 
voltage, a short life will result; if 
operated at a lower voltage, it will 
not give the proper amount of light. 
It is, therefore, important that the 
voltage rating of the lamp and line 
correspond, in order that the highest 
all-around efficiency be obtained. 
Fig. 5 shows in graphic form the 
results obtained through the use of 
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overvoltage and undervoltage on 
Mazda lamps. 

In many factories, the units may 
be mounted at such height that it is 
somewhat difficult to reach them for 
cleaning. In such cases, it is well 
to install the unit in such a way that 
it can readily be detached. An extra 
unit already cleaned should be pro- 
vided to replace the dirty unit which 
can be removed to the floor for 
washing. Such an arrangement will 
be more convenient and safe and will 
not hinder workmen because of ob- 
structing ladders or lack of light for 
doing the work. 

There is also equipment on the 
market which disconnects the light- 
ing unit from the power supply and 
permits the units to be lowered to 
the floor by means of a rope and 
pulley. This method is very con- 
venient and is desirable for many 
locations. It insures frequent and 
adequate cleaning and at the same 
time provides absolute safety to the 
man doing the cleaning, for the man 
is on the ground instead of on a 
ladder; also the lighting unit is 
dead, thereby preventing danger 
from shock. 


Relations Existing Between the Motor and 
Its Overload Protection 


By C. W. KUHN 


Development Engineer. The Cutler-Ham- 
mer Mfg. Co., Milwaukee, Wis. 


ROTECTIVE devices play an 

important part in motor applica- 
tions. In these days of fighting to 
keep down overhead costs, protec- 
tive devices must prevent shutdowns 
caused by burned-out or damaged 
motors due to injurious overloads. 


On the other hand, many of the 
evils of over-motoring in the past, 
may be attributed to the desire to 
guard against motor overloads. 
Obviously, it is not economical to 
use a motor larger than is actually 
required by the normal load, merely 
to make certain that overloads will 
not occur. It is quite objectionable 
to use a larger motor than necessary, 
both because of the initial invest- 
ment and because of the increased 
operating cost. The size of motor 
for a given load can be reduced if 
the motor is protected under all con- 
ditions of load and the overload does 
not trip until the motor is in actual 
danger. This has created a demand 
for a long inverse-time-element over- 
load. The need for this type of over- 


load device has been increased due 
to the growing practice of throwing 
squirrel-cage motors across the line. 
In many cases it is necessary to 
start considerable load with these 
motors and it is essential that pro- 
tection be given during the starting 
period. 

A realization of these conditions 
has resulted in the development of 
better motor protective devices, 
which make it possible to use smaller 
motors without too frequent trip- 
ping of the overload. As heating is 
the chief limiting factor which: de- 
termines the load a motor can carry, 
the new protective devices are of the 
thermal overload type. 

Thermal overload devices may be 
divided into two types: the thermal 
fuse type and the relay type. The 


fuse type is limited to non-adjust- 


able devices. Change in current 
rating, therefore, occurs in steps 
which may not always fit the specific 
motor for which they are used. This 
would be practically impossible, as 
various motors of the same rating 
differ in their full-load current re- 
quirements. The thermal fuse type 
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is also at a disadvantage where fre- 
quent tripping may be expected. 

There are two kinds of thermal 
overload relays: one is adjustable, 
while the other is non-adjustable. 
The non-adjustable relay has the 
same limitations regarding the mo- 
tor current rating as the thermal 
fuse. Any inaccuracies which cause 
the device to trip at a lower current 
than that for which it is rated, may 
lead to the choice of a protective 
device of higher rating. 

The adjustable relays can be di- 
vided into three general divisions 
according to their principle of opera- 
tion. These divisions are: expansion 
of metal, bi-metallic, and change of 
state. 

It is well known that the expan- 
sion of metals is small per unit of 
length. Protective devices utilizing 
this principle, therefore, require con- 
siderable multiplication of move- 
ment of the actuating element. 

The bi-metallic relays utilize the 
expansion of metal in a somewhat 
different way. Bi-metallic metal 
consists of two different metals, 
welded together. When the tem- 
perature of bi-metallic metal is 
changed, it curves over to that side 
having the lower co-efficient of ex- 
pansion. However, bi-metallic metal 
is not capable of doing much work; 
hence, friction may be a cause of 
inaccuracy in this type. 

The third division of thermal re- 
lay depends upon change of state for 
its operation and reduces to a mini- 
mum the one great cause of error 
in thermal devices; namely, tem- 
perature. These devices are of two 
general classes: Those which oper- 
ate due to a change from liquid to 
gas and those which operate due to 
a change from solid to liquid. 

The class of protective devices 
depending for their operation on 
changing of a material from solid 
to liquid can readily be made very 
accurate. If the proper material is 


-used, the tripping temperature is 


very definite. The greatest error 
would then be due to the heater. 
This error, however, is inherent in 
all thermal devices. The manufac- 
turers of resistance material will 
furnish material for heaters that 
varies plus or minus 5 per cent. As 
the variation in current due to this 
cause varies with the square root, 
the probable error is really quite 
small. 

Accuracy is a very important 
point in connection with overload 
protection. The more accurate the 
protective device, the closer the mo- 
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tor application can be made without 
danger of burnout or of frequent 
tripping. In other words, an accurate 
device permits the use of a smaller 
motor. The temperature to which a 
motor heats is another very impor- 
tant factor which must be given 
thought. Tripping temperature 
should approximate the danger tem- 
perature of the motor. Under these 
conditions, and with motor and 
starter subject to the same tempera- 
tures, the overload device will com- 
pensate for varying ambient tem- 
peratures. Protective devices whose 
tripping temperature is too low, will 
not permit the motor to carry its 
maximum safe load when placed in 
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high ambient temperatures. On the 
other hand, if the tripping tempera- 
ture is too high, they will permit the 
motor to burn out under these con- 
ditions. With low ambient tempera- 
ture the reverse is true. | 

Current adjustment over too wide 
a range by varying the tripping tem- 
perature, is very undesirable for the 
reason that a variation of 50 per 
cent in the tripping current would 
mean a variation in temperature rise 
of over 2 to 1 as this varies as the 
square of the current. 

As thermal protective devices are 
being widely used at present, it will 
be of interest to know which type 
will be the ultimate design. 


— 


Here is an 
instance where 


Keeping a Daily Record of 
All Equipment Failures 


has helped to reduce the number of delays and 
amount of time lost, by making possible a close 
check on the causes and frequency of breakdowns 


By J. H. GALLANT 
Canada Cement Co., Ltd., Belleville, 
Ontario, Cana 
T IS a fact well known to main- 
| tenance men, that oftentimes 
delays occur much more fre- 
quently in one department of a plant 
than in another. It is also true that 
interruptions occur much more fre- 
quently at certain intervals than at 
others. However, over an extended 
period of time, and under normal 
conditions, the averages for time lost 
and number of delays are fairly 
constant. 


The price of continuous operation, 
with a minimum of interruptions, is 
systematic inspection to forestall 
possible trouble, frequent compar- 
ison of present behavior with aver- 
ages based on records of past per- 
formances, and intelligent analysis 
of the causes of all interruptions. 
The method of obtaining data now 
used at Plant No. 5 of the Canada 
Cement Co., Ltd., takes little time 
and does not require a very cumber- 
some system of records. 

With over 100 motors in continu- 
ous operation, an attendant or shift 
electrician is, of course, necessary. 


His duties are to make regular and 
systematic inspections, as well as 
handle whatever repairs can be made 
by one man, in case of trouble. When 
more help is required to speed up 
repairs, the shift electrician may 
call for assistance; a decision is 


made according to the judgment of 


the mill foreman. The shift elec- 
trician is supplied with a pad of 
blank forms, one of which is shown 
in the accompanying illustration, 


Canada Cement Company, Limited, Plant No. 5 
SHIFT ELECTRICIAN’S TROUBLE REPORT 


Wark ill required to completa job, if any =. 
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and, if there have been no interrup- 
tions, he fills in one form at the end 
of his shift, reporting that all equip- 
ment is operating satisfactorily. If 
interruptions do occur, he fills out 
one form for each of these, giving 
all possible information, especially 
the reason for the delay, and the re- 
pairs required. All of the forms 
which have been filled in during the 
previous 24 hr. are handed to the 
Plant Electrician the next morning. 

The Plant Electrician enters the 
data from these reports in a record 
book, and notes the duration of and 
reason for each delay. These data 
are then tabulated at the end of each 
month, as shown in the accompany- 
ing table. Whenever it is found that 
interruptions on u certain machine 
occur more frequently than the aver- 
age shown by past performance, a 
special investigation is made with 
the idea of finding the cause and re- 
moving it as soon as possible. Before 
we started this system the same 
trouble would often recur several 
times on a machine before it was 
realized that there was something 
radically wrong. By this method 
and record we have succeeded in 
cutting down the number and dura- 
tion of delays about 50 per cent 
within the past year. 

A few concrete examples taken 
from the accompanying table, which 
gives our records for the past year, 
illustrate some of the advantages 
which have resulted. In October, 
1924, we found that the number and 
duration of interruptions for a gen- 
erator supplying current for our 
Hum-mer magnetic vibrators were 
running up above the average of 
previous months. On investigating, 
we found that one of the collector 
rings was worn down eccentric on 
one side, apparently due to a soft 
spot. This caused pitting and spark- 
ing to such an extent that the ma- 
chine had to be stopped often for 
cleaning and sandpapering the rings. 
When a new ring was put on, the 
trouble disappeared and did not 
show up again for over 6 mo. until 
a ring again had to be replaced. 

The cause of another trouble, 
which showed up in October and 


This form is filled in by the elec- 
tridan in charge at the end of each 
shift. 


One sheet is made out for every de- 
lay that occurs; in case there has 
been no trouble, it is marked O. 
for all equipment. These reports 
are then turned in to the Plant Elec- 
trician who enters the data in a 
note-book. At the end of the month 
these reports are tabulated, as 
shown at the bottom of the follow- 
ing page. 
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November of 1924, was not so easily 
found. We were having too many 
delays caused by trouble with com- 
pensator contacts, both on C. G. E. 
and Westinghouse compensators. 
The contacts were of apparently the 
same quality as always supplied, the 
oil was clean, and the loads appar- 
ently no heavier than usual. As 
there was no apparent reason for 
this trouble we decided to watch the 
men starting the machines and found 
that the majority of them did not 
know how to start the motors 
properly. Under the impression that 
they were making it easy for the 
machinery, they would slowly pull 
over the compensator handle, barely 
making the contacts touch, and, of 
course, the resulting ares caused the 
damage. An educational campaign 
among the men stopped the trouble. 

Another defect which was also 
quickly brought to our attention by 
these records was the bearing fail- 
ures we experienced in March and 
the beginning of April, 1926. Dur- 
ing these months we were shut down 
for bearing trouble more than twice 
as frequently as usual; also, this 
occasionally resulted in burned-out 
motors. 

As we had been down for repairs 
in February, and all bearings show- 
ing any sign of wear had been 
changed, we should have been com- 
paratively free from bearing 
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troubles. We finally traced this de- 
fect to an inferior quality of babbitt 
with which most of our spare bear- 


ings had been babbitted during this: 


period. As a large number of bear- 
ings had been changed during the 
shut-down this helped to increase 
the trouble. When good babbitt was 
used on the bearings their average 
life again became normal. 

Again, during the summer months 
of 1925 we experienced trouble with 
the relay mechanism on auto-start- 
ers. The wrong kind of oil had been 
used in the dashpots, with the result 
that the pistons would sometimes 
stick, preventing the relays from 
opening on overloads, and at other 
times open the contacts just enough 
for them to arc and burn out. At 
times the pistons held the contacts 
open by sticking at the top when the 
handle was thrown to the running 
position and accordingly the handle 
would not stay in this position. This 
source of delays was overcome by 
using the right kind of oil. 

These are only a few of the 
troubles which were brought to our 
attention. No doubt all of these 
troubles would have been traced 
down in time, but by knowing the 
average frequency with which they 
occurred under normal operation, we 
were enabled to detect and remedy 
them much more readily than would 
otherwise have been the case. 
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Comparative Cost of Welding 
and Riveting Steel 


RC welding as a method of 
fabricating structural steel is 
not a new departure. For quite a 
few years it has been used in steel 
ship construction in the assembly of 
steel ladders, masts, skylights, fun- 
nels, deck stanchions, tanks, etc. 
Barges and floating targets have also 
been entirely assembled, and pipe 
lines, gas holders, oil tanks, small 
bridges and buildings completely 
constructed by electric arc welding. 
An interesting application of arc 
welding in the erection of a struc- 
tural steel building was recently 
made at Eola, Ill., where the Chi- 
cago Burlington and Quincy Rail- 
road erected a 60-ft. by 40-ft. one- 
story, mill-type building, using 
scrap steel. The character of the 
welding is shown in the accompany- 
ing illustration. An exact duplicate 
of this building was also constructed 
by the riveted method. Data fur- 
nished by W. T. Krausch, Engineer 
of Buildings of the railroad com- 
pany, shows the following costs: 

WELDED’ RIVETED 

Preparation cost, in- 

cluding material 

and shop fabrica- 


PION: Matis aaa $381.71 $1,000.50 
404.49 339.00 


$786.20 $1,339.50 


Causes, Number, and Duration of Delays from Electrical Troubles by Months, 
from September 1, 1924, to August 31, 1925. 


SEPTEMBER | OCTOBER 


Cause or DELAYS 


Motor burned out 
Rotor troubles 

Burned motor terminals 
Change bearings 


Oil rings 

End caps on ball bearings 
Other motor troubles 
Line troubles 


Compensator coils 
Compensator leads 
Compensator relay coils 
Compensator contacts 


Low voltage release coils 
Relay mechanism 

Release push buttons 
Other compensator troubles 


Burned switch blades. oc cei ci yaad bess pe | ] ⅛ ] edhe ee eect hoe Le bie hak 


Burned switch terminals 
Hummer vibrator coils 
Hummer coil circuits 
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Plant shut down for repairs during month of February, 1925. 
*Vertical colums represent number of delays for the month and their duration in hours and minutes. 
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It will be noted that the saving in 
favor of the arc-welded building lies 
in the minimum of preparation re- 
quired—merely the cutting of the 
steel to the required length. No clip 
angles, gusset plates or butt straps 
are necessary, while besides these, 
the riveted job involved shop details 
and layout, punching, painting, 
reaming and shop fabrication. In 
the riveted structure 27,100 Ib. of 
steel were used, while but 25,619 Ib. 
were used in the welded structure— 
a reduction of 5% per cent in favor 
of the welded type of construction. 
The saving in steel and reduction in 
total erection cost in this case re- 
sulted in a final saving of 41.3 per 
cent in favor of arc welding. 

While there have been numerous 
applications of arc welding in the 
fabrication of structural steel, test 
data involving welded joints have 
not been complete. Tests were, 
therefore, made of welded joints 
for tensile, shear, static, shock and 
fatigue strength of such joints, com- 
pared to similar joints made by riv- 
eting, and to the steel members 
welded together. 

Using 14-in. and %-in. plates bev- 
eled at 60 deg. and arc welded to 
form a butt joint as a section sub- 
jected to tensile strength tests, it 
was found that the joint in the N- in. 
plate developed an average tensile 
strength of 64,400 Ib. per sq. in., 
with an elongation of 4 per cent in 
a l-in. section across the weld. The 
steel in which the joint was made 
had a tensile strength of between 
65,000 and 70,000 Ib. per sq. in., and 
failure in the piece occurred in both 
base and deposited metal. Welding 
wire used was hard-drawn, mild 
steel, having a carbon content of 
0.17 per cent and a manganese con- 
tent of 0.55 per cent. 
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The preparation and field erection 
costs were lowered more than 40 
per cent by the use of arc welding 
instead of riveting for the struc- 
tural work of this building. 


In the shear test, a similar joint 
developed 50,550 Ib. per sq. in., and 
when subjected to static tests, a 
pressure of 40 tons deformed the 
supporting beams completely, but 
failed to produce any evidence of 
failure in the welded joints. In 
fatigue tests, a riveted and a welded 
joint of similar design were mounted 
on a vibratory testing machine and 
subjected to a vibration or vertical- 
movement of 1/16 in. at the rate of 
1,760 complete cycles per minute. 
After 18 hr. and 20 min. there was 
hardly a joint in the riveted mem- 
ber which was not thoroughly 
loosened, the rivets worn, the rivet 
holes enlarged, and a number of por- 
tions broken off the main section. 
When finally the welded model 
failed after a long and more severe 
test, failure occurred in the beams 
and not in the welded joints. Un- 
der a sudden shock of 700 tons ad- 
ministered directly to an arc-welded 
joint section, the welds did not fail, 
even though the structural steel 
members of the section were se- 
verely strained and deformed. 

The cost of arc welding, in prac- 
tically all cases, is considerably 
lower than riveting or other pro- 
cesses. A %-in. fillet weld can be 
put in for between 15 and 20 cents 
per linear foot of bead, depending 
somewhat upon the position of the 
work. This estimate is based upon 
labor at $1 an hr., welding wire at 
10 cents per 1b., and electrical energy 
at 2 cents per kw-hr. 


A. G. BISSELL. 
General Engineering Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 
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Maintenance of 
4,000 Motors 


(Continued from page 56) 


However, it is noticed that consider- 
ably poorer power factor results. For 
instance, the power factor of the 
stamping plant is 50 per cent, as 
compared with the plant average 
power factor of 75 per cent. 

With the exception of the cranes 
and industrial trucks and tractors, 
automatic or push button control is 
used throughout the plant. Here 
too, the equipment used has been 
standardized as much as has been 
possible. 

For example, control for squirrel- 
cage motors is standardized as fol- 
lows: For motors of 74% hp. or less, 
push-button-operated, across-the-line 
starters are used exclusively; for 
squirrel-cage motors between 7 ½-hp. 
and 30-hp. rating, primary-resistance 
starters are used exclusively; for 
squirrel-cage motors larger than 30 
hp., only push-button- controlled, 
automatic compensators are used as 
control equipment. 

For transforming 2,300 volts to 
440 volts for power purposes, a 
standard arrangement of three 300- 
kva. single-phase transformers, con- 


‘nected delta-delta, is standard in all 


of the plant substations. Likewise, 
a 50-kva. single-phase transformer 
is standard for transforming from 
2,300 to 110 volts for lighting. 

The same idea of standardization 
is carried out throughout all of the 
electrical equipment, wherever it is 
at all practical. Due to the fact that 
the Chief Electrician decides upon 
and specifies what type and make of 
equipment shall be purchased, stan- 
dardizing on sizes and types is com- 
paratively easy. The Chief Elec- 
trician specifies not only what type 
and make of motor and control shall 
be purchased but also he specifies 
the same for all other electrical 
equipment including electric portable 
tools, electric industrial trucks and 
tractors, travelling cranes, electric 
hoists, and the like. 

Standard schemes of installation 
are used wherever possible. For ex- 
ample, the lighting distribution 
boards are made up of a standard 
arrangement of safety switches 
mounted on an iron framework. Like- 
wise, the starters for squirrel-cage 
induction motors are made up in 
standard forms that include a 
starter and safety switch arranged 
on a pipe frame mounting. 
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Electrical end Associated Mechanical Systems in Mills 5 Factories 


G. A. VAN BRUNT, Managing Editor 


Compare Your Methods and Equipment 
With Those Used in Other Plants 


RGANIZATION schemes and methods of handling 
work must have a certain amount of flexibility in 
order to properly meet emergency conditions that arise 
from time to time. In addition, both organization 
. set-ups and methods require revamping once in a while 
to adapt them to changed conditions. This is especially 
true of the maintenance organization of a growing in- 
dustrial plant. Additions to or changes in equipment 
and product or processes may so alter conditions that 
methods and schedules which were entirely adequate 
when first put into effect are now of comparatively 
little value. 

A good way to judge methods and results is to com- 
pare them with those of other men engaged in similar 
work. Even though operating conditions in different 
plants vary considerably, it is usually possible to find a 
basis on which fair comparisons of both methods and 
results can be made. 

This issue of INDUSTRIAL ENGINEER affords a good 
opportunity to learn the details of the equipment and 
methods used by the operating and maintenance 
executives in a large number of industrial plants, and 
the results that they are obtaining. Careful study of 
what they have to say may give you reason to feel well 
satisfied with the manner in which you are handling 
your work. On the other hand, it may show you where 
changes in your testing and repair equipment or 
methods may be made to good advantage. In any event, 
the time will be well spent. 


How Much Trouble Do Rule-of-Thumb 
Methods Cause You? 


N MANY cases the “rule-of-thumb” and “cut-and- 

try” methods sometimes used in maintenance and 
repair work are the underlying cause of many troubles 
with mechanical equipment. This is sometimes seen in 
such operations as machining sleeve bearings or in bab- 
bitting a worn bearing. 

The methods used by the engineer in solving prob- 
lems arising in the design of machinery, were com- 
pared with those used by men who substitute guess- 
work for analysis, and chance for judgment, in a paper 
recently presented before the American Institute of 
Mechanical Engineers by Forrest E. Cardullo, Chief 
Engineer of the G. A. Gray Co. 

In discussing this subject, Mr. Cardullo spoke of the 
false impressions and large amount of misinforma- 
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tion that exists regarding the design and use of bear- 
ings. In his opinion, the best bearing, where possible 
to apply it, is a perfectly cylindrical sleeve, the hole 
through the sleeve being larger than the shaft by an 
amount sufficient to permit an oil film of proper thick- 
ness. Such a bearing is quite different from one pro- 
duced by the very common practice of making a hole 
the same size as the shaft and then “scraping in” or 
“fitting” the bearing. A bearing that has been “scraped 
in,” he said, has no room between the shaft and the 
box for an oil film. 

Half-boxes were said to be required in some cases 
in order to assemble the bearing, but in such instances 
two half-boxes should be machined to a perfectly 
cylindrical hole and no shims used. The use of a 
quarter-box was characterized as a crime and it was 
stated that a great deal of bearing trouble could be 
eliminated by the substitution of a properly designed 
half-box. 

In speaking of lubrication and oil grooving, Mr. 
Cardullo stated that the figure 8’s, criss-crosses, and 
complicated systems of reversed spirals with which 
many bearings are provided, show that the men who 
designed them are ignorant on these points. 

The improper practices referred to were developed 
by rule-of-thumb procedure and guesswork. Analysis 
and application of the correct principles have resulted 
in important improvements in bearing design. The 
chances are that the same measures applied to all of 
your maintenance and repair operations will produce 
equally fruitful results. 


Do You Give the Maintenance Department 
Full Credit for What It Does? 


NLY too frequently is there a feeling in industrial 
plants that the maintenance department is a non- 
producing department. It is so-called because its out- 
put does not show up directly among the finished prod- 
ucts sold by the plant. This being the case, there is a 
tendency in some organizations to neglect this depart- 
ment or consider it second when distributing bonuses, 
salary increases, working equipment, and the like. 
This policy is not sound, for the maintenance of the 
plant is fully as important as any phase of production. 
Henry Ford says very forcefully, “The first duty of 
management is to keep the tools in shape. By the tools 
is meant the entire plant and everything pertaining 
to it.” To go a little further, the main function of the 
maintenance department is to see that the capital in- 
vested in producing facilities is conserved and pays the 
highest possible rate of interest. This means the equip- 
ment must be at all times in condition to produce at 
full capacity. In the face of this can anyone say that 
production is more important than maintenance? They 
are on a par and should be so considered. The output 
of the maintenance department is a service that is 
vitally essential to the quantity as well as the quality 
of production. 
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Due to the more far-sighted policy of some plant 
managers and also to the aggressiveness of many main- 
tenance superintendents, this fact is fast becoming 
recognized in our more progressive plants. 


Let the Repair Shop Help to Cut Your 
Maintenance Costs 


UCH stress has been placed, and rightly so, on 

the importance of securing the most effective 
layout of production equipment and eliminating as 
completely as possible all waste motion and effort on 
the part of the workman. However, in this effort to 
obtain maximum output for the time and effort ex- 
pended, the plant repair shop is often overlooked. In 
consequence, the arrangement of equipment in many 
shops has been left to chance and circumstance. Often- 
times, too, facilities are lacking for handling the work 
in the most efficient manner. 

In volume of output and number of employees, the 
plant repair shop may not rank very high when com- 
pared to some of the production departments, but that 
is no reason why time-saving methods and equipment 
can not be employed just as effectively there as in any 
other department. If the use of good equipment and 
efficient methods make it possible to shorten by a few 
hours the time required to repair an important motor 
or other piece of equipment, the saving in production 
delays on one or two such jobs may go far toward pay- 
ing the cost of putting the shop on an efficient basis. 

A little time spent in studying the equipment, its 
layout, and the general method of handling the work 
in your repair shop may show where some worth-while 
economies that will help to cut maintenance costs, can 
be easily effected. 


— —— 


Good Equipment Is Worth the Care 
That It Should Have 


OME industrial operating men, who have adopted 

the policy of purchasing only standard-quality 
equipment and supplies, have looked merely at one 
side of the problem confronting them. They have paid 
more, generally, to get quality and naturally expect 
better service from it, but the equipment is not always 
installed and operated in such manner as to secure 
this extra measure of service. 

There is more to be considered than merely buying 
the “best on the market.” Suitability for the work 
in hand and care during and after the equipment is 
installed are just as important. Even the highest- 
priced automobile will freeze up during winter weather 
unless some anti-freezing mixture is used in the radi- 
ator, or be ruined unless oiled regularly. Also, the 
best machine or other equipment will have a short life 
unless it is oiled, cleaned, and cared for regularly. 

“Buy the best and forget about it” is a good policy 
to adopt, providing it is not followed too literally. 
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Poor Yard Roads Cost as Much 
as Good Ones 


N MANY lines of industry it is necessary to use 

yard storage, for example, for the seasoning of 
castings or lumber, or for storage of flasks, coal, and 
other materials. In bad weather and particularly 
during the winter and spring it is often almost im- 
possible to move these materials from storage unless 
the yard is provided with a roadway which is passable 
to trucks. 

Operating men who will stop to figure out the cost 
of the waste time and extra men required to help 
extricate trucks that are stuck in a so-called road, will 
not find it difficult to convince themselves that a sub- 
stantial concrete or macadam roadway, or even one 
made of cinders, if it is kept in shape with a little 
attention, will much more than pay for itself. 

Electric storage battery trucks and cranes, which 
are commonly used for yard haulage, are capable of 
carrying considerable overload. However, the task of 
pulling themselves out of the mud and carrying a load 
at the same time is certain to be reflected in increased 
maintenance costs as well as shorter life of the equip- 
ment. These items should not be overlooked when 
determining what poor yard roads cost. 


Can You Perform the Prone Pressure 
Method of Resuscitation ? 


FOOLISH question, you may say. Yet is it? We 
A have seen long descriptions and illustrations of 
how to do it placed in many sub-stations and other 
places where someone is likely to be hurt by electric 
shock. Yet when the time came, there was no one that 
knew just what to do. 

The prone pressure method is extremely easy to 
learn, but is hard to describe. At a recent meeting of 
an association of practical electrical engineers the 
method was demonstrated, and although these men are 
in direct charge of many electrical workmen and it 
would naturally be assumed that they know all about 
the method, the amount of interest displayed was 
astonishing. Many of these men went home with the 
thought that this life-saving method should actually be 
demonstrated to all of their men, rather than put on 
notices scattered around the plant. Then when the 
emergency comes, someone will know exactly what to 
do, and how to do it. 

In many instances this method has saved the life of 
persons who were considered to be beyond help. So, no 
matter what may be the condition of the victim, the 
method should be applied and kept up for some time. 

The prone pressure method is adapted for use in 
cases of electric shock, asphyxiation by gas, smoke or 
other fumes, and drowning, and is preferred to other 
methods, by some authorities. Practical and frequent 
demonstration by and to your men may be the means 
of saving many lives. Do it today. 
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Who Can Answer 
These? 


Selecting High-Pressure Bearings.—In 


one of our manufacturing processes 
the product is rolled under high pres- 
sure. We have always had consider- 
able difficulty with the bearings and 
as we are going to rebuild the ma- 
chines are considering mataline other 
types of bearings. I would like to 
know what types of bearings other 
operating men favor for paper cal- 
endars, rubber mills, and cereal rolls, 
as I believe our problem is similar. 
Will some readers from these indus- 
tries please give me their experience 
with babbitt (including the type), 
bronze bushings, ball or roller bear- 
ings and the method of lubrication 
which they have found most satis- 


tac tory 
Brooklyn, N. Y. J. A. A. 


How Much Insulation Should be Put on 


Cable Splices?—Can some reader tell 
me how many layers of varnished 
cambric tape should be used for in- 
sulating the splices of lead-sheath 


power cables of the followin volt- 
ages: 110, 220, 440, 550, 4,000 and 
20,000 volts. Do you think some other 


kind of tape preferable for this work? 
I shall be grateful for any information 
that readers can give me regarding 
the amount of insulation that should 
be used when splicing cables of the 
above voltages, and also for any 
other information or suggestions as 
to the best method of handling it. 
Toledo, Ohio. S. J. M 


Is Hard-Drawn or Cast Copper the Better 


Material for Commutatorst—I would 
like to find out the difference in oper- 
ating characteristics, if any, between 
commutators made from hard-drawn 
copper and from cast copper. In the 
advertising literature of many of the 
large manufacturers of motors and 
generators, commutators are fre- 
quently described as being made of 
hard-drawn copper. Some repair shops 
furnish commutators made from cast 
copper. Which material wears the 
longer? Which material will polish 
better under the brushes? Does the 
sand in the cast copper cause eating 
away of the mica segments between 
the bars? Would the use of cast cop- 
per segments cause excessive heating 
of a generator or motor? I shall 
appreciate any information or com- 
ments that readers can give me re- 
garding their experience with either 
type of material. 

leveland Heights, Ohio. C. B. K. 


Is This Relay Connection Scheme Cor- 


rect?—I have a 300-hp. three-phase, 
60-cycle induction motor that is star- 
connected to a 4,000-volt, four-wire, 
three-phase, power supply. Three 
75-to-5 ratio current transformers are 
connected as shown in the diagram to 
the two trip coils on the circuit 
breaker for this motor. I believe this 
connection scheme is incorrect. It 


question that you can 
answer from your ex- 
perience. 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


Goirid CAC 


looks like a delta connection, but has 
one current transformer reversed. I 
think that a “Z” connection of current 
transformers should be used, but that 


is not the case here. Will some 
reader show me how these current 
transformers should be connected to 


Line _.-<Polarity marks 


insure proper protection of the motor, 
and also tell me the proper current 
setting of the trip-coil plunger: 80 as 
to trip at 125 per cent load on the 
motor Full-load rating of the motor 
is 39 amp. The trip coils referred to 
are solenoids located on the faceplate 
of the circuit breaker and have piung- 
ers F on its trip tate 8 


Waukegan, . H. 
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Winding Data for Growier.—I wish to 


build a growler of the dimensions 
shown in the accompanying diagram, 
for use in testing armatures in our 
shop. It is my intention to wind this 
growler with No. 12 double-cotton- 
covered magnet wire and I wish some 
reader would tell me the number of 
turns of wire to use and also the 


depth of laminations required. I want 
to use this growler on 110-volt alter- 


nating current. Any information that 
readers can give me about making up 
this growler will be greatly appre- 


ciated. 
Hattiesburg, Miss. J. M. M. 
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Determining Number of Poles in Stator 


by Use of Compass.—(1) Can some 
reader give me a simple method of 
determining the number of poles in 
two- and three-phase stators when the 
nameplate is missing? That is, can I 
pass direct current from dry cells or 
other source through the winding and 
use a compass to locate the poles? Or 
will it be necessary to trace out the 
winding? How should I go about 
tracing out a winding to find the num- 
ber of poles? (2) hy does the ter- 
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minal on the positive pole of a storage 
battery corrode, while the negative 
terminal does not? I shall appreciate 
your help on these questions. 
orcester, Mass. R. S. T. 
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Paralleling Open-Delta-Connected Trans- 
former Bank With Closed-Delta Bank. 
—I would like to obtain the experience 
of some of our readers in regard to 
parallel operation of an open-delta- 
connected bank of transformers with 
one or more closed-delta- connected 
banks of transformers. Under what 
conditions is such operation possible? 
How does the load divide between the 
several banks of transformers? How 
is the capacity affected of both the 
open-delta bank as well as the closed- 
delta bank? If we have two banks of 
closed-delta-connected transformers 
operating in parallel on both the high- 
and low-tension sides, will these two 
banks of transformers continue to 
operate satisfactorily and divide their 
load in accordance with their capacity, 
if one transformer is cut out of one 
bank so as to make an open delta 
connection? In this particular case, 
all of the transformers are of the same 
size, voltage, ratio, reactance, and 
were made by the same manufacturer. 
Wilmington, Del. H. E. H. 


Answers Received 


To Questions Asked 


Ramp for Industrial Truck.—The base- 
ment floor of one of our buildings is 
4 ft. below the grade level. We are 
planning on installing an_ electric 
storage battery truck for handlin 
heavy material out of this basemen 
and from the yard up to the first floor. 
What grade should be given to the 
incline or ramp? Would it be advis- 
able to roughen or ridge the surface 
of the concrete to give the truck 
better footing? Part of the ramp will 


be outside, and exposed to the 
weather. 
Peoria, III. S. L. G. 


In reply to S. L. G.’s inquiry, he will 
find that the longer and more gradual 
he can make the ramp the easier it 
will be on the battery and the truck. 
Standard makes of trucks can be 
equipped with batteries large enough 
to handle any reasonable load on any 
reasonable grade. My experience has 
been that even where a truck is 
equipped with a battery somewhat 
larger than standard rating, a grade 
of 1 in 8 is about the operating limit. 
The truck labors on this grade with its 
rated load unless the battery is fresh 
from charging. 

I do not know what figure truck 
manufacturers use in estimating trac- 
tive effort on level floors, but after 
taking into consideration the heavy 
going due to unavoidable irregularities 
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a value of 20 per cent of the load, 
which is often used in similar work, 
would probably be a fair upper value. 
Thus a grade of 12.5 per cent on top 
of the regular tractive effort would in- 
crease the effort required of the motor 
62.5 per cent above that for hauling 
on the level. I would suggest that 
S. L. G. make his ramp 50 ft. long, 
if possible, which would give a grade 
of 1 in 12% or 8 per cent, as it will be 
much easier on the truck batteries. 

For the usual rubber-tired truck 
wheels, a plain concrete surface, 
finished with a wooden float but not 
troweled, will give ample tractive con- 
tact, even if wet, and is much better 
than any form of ridges or grooves, 
which only bump and impede the truck. 
It is a good idea on a runway such as 
this to use an integral floor hardener, 
such as some of the powdered-iron 
preparations, as they greatly reduce 
the wear of the surface. 

In building a ramp the grade should 
not start and finish abruptly, but 
should gradually curve from the level 
floor to the full slope or incline of the 
ramp. 

This transition at the top and bottom 
may well be 6 to 8 ft. This is especial- 
ly important if the grade is steep, be- 
cause where the transition is short 
and the truck under-clearance small 
it may rub or become stranded when 
going over the top. Also the truck 
would tend to bump at the bottom of 
a sharp transition. Steering rods are 
usually the lowest part under the frame 
and should be inspected occasionally to 
see whether they are scraping as other- 


wise they may break and cause a bad 
wreck. 

Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Co., 

New Haven, Conn. 


Will Two A.C. Motors Operate Satisfac- 
torily im Parallelf—We have a turn- 
table driven by a variable-speed, slip- 
ring a.c. motor. This motor is too 
small and rather than incur the ex- 
pense of buying one motor that is 
large enough to handle this job, we 
are considering buying another motor 
@ duplicate of the present one, an 
connecting it directly to the table, so 
that the two motors will both drive 
the table in parallel. Will the motors 
operate satisfactorily in parallel? Can 
we operate both motors from the same 
secondary resistance and controller, or 
should we use two drum controllers 
and two independent resistances? 
will greatly appreciate any informa- 
tion and experiences that other 
readers can give me on this subject. 
Omaha, Neb. G. C. B. 
In reply to the question asked by 

G. C. B., we have two, three-phase, 

slip-ring, Allis-Chalmers motors, one 

rated at 400 hp. and the other at 200 

hp., running in parallel on a copper 

rod mill drive. These two motors are 
direct-connected to opposite ends of 
the same shaft. 

These motors are both fed from the 
same oil switch; one trip coil with cur- 
rent transformer being used for over- 
load protection for the 400-hp. motor 
and the other trip coil for the 200-hp. 
motor. 

Each of the motors also has a double- 
pole, push-button-operated, magnetic 
contactor. Red indicating lamps are 
installed on the panel with the push 
buttons, informing the operator when 
the contactor for either motor is closed. 
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The machine is normally started 
without load and can be started only 
by means of the 400-hp. motor; this 
motor has a secondary controller and 
resistance of the usual type. We have 
added an interlocking contact at the 
bottom of the controller which makes 
contact on the last point and is con- 
nected in the push-button circuit to the 
contactor coil of the smaller or 200-hp. 
motor. 

Hence, only when the drive is up to 
speed, can the second motor be 
started. This is accomplished simply 
by pushing its start button. The rings 
of this motor are permanently short- 
circuited by means of German silver 
strips connected across the brush 
holders. The purpose of these strips 
is to insert a low resistance in the 
secondary of this motor, and the length 
of the strips was adjusted by trial un- 
til the motor was carrying its propor- 
tionate share of the load. In case the 
load is light either motor may be 
tripped off the line and the load carried 
by the other. 

In the case of the turntable men- 
tioned, since the motors are variable 
speed and both will be required at 
starting, I believe the simplest method 
would be to provide a separate second- 
ary resistance and controller for each 


motor, gearing the controllers together 


so that they will operate together as a 
unit. 

It would be possible to parallel the 
motor secondaries and use one resist- 
ance if the rotors have the same volt- 
age characteristics and are phased out 
properly when connected. In this case 
a resistor of greater carrying capacity 
would be required. However, the pres- 
ent controller might serve, if of 
generous design. 

The second motor will not need to be 
as large as the original motor unless 
twice the horsepower of the first motor 


is required. W. W. LANKTON. 
Ass't. Electrical Engineer 

Detroit Copper & Brass Rolling Mills, 
Detroit, Mich. 


Replying to G. C. B.’s inquiry, it is 
possible and practicable to operate two 
motors in parallel to drive the turn- 
table. 

The second motor should be an exact 
duplicate of the first motor in full-load 
speed and secondary characteristics. 
The drive pinion on both motor shafts 


Method of mechanically connecting 
two controllers for wound rotor 
motors driving same shaft so as to 
start them simultaneously. 


85 


should have the same number of teeth 
and pitch. 

One drum and a separate secondary 
resistor are required for each motor 
The drums should be mechanically 
interlocked by means of a duplex drive 
arranged as shown in the accompany- 
ing diagram. The drums should be of 
the same design and the secondary 
resistors laid out for the same load and 
speed reduction. Drums designed to 
operate motors in parallel are built by 
manufacturers of electric controlling 


devices. E. H. LAABS. 
Ri Denarimeni, 

The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Regarding the question asked by 
G. C. B. two slip-ring motors can be 
made to operate satisfactorily when 
connected to the same load. To carry 
out the scheme successfully, the rotors 
should have independent rheostats with 
a single control lever. As this lever is 
moved, it must cut in or cut out re- 
sistance to the same amount in the 
rotor of each circuit. Motors in this 
case must have the same electrical 
characteristics. The primary or stator 
windings are connected in parallel and 
are switched or reversed by a single 
switching mechanism. 

There are installations where two 
slip-ring motors controlled as described 
above, are in use on railroad turn- 
tables that are successfully giving the 
desired balanced drive. Should G. C. B. 
so desire, we could probably arrange 
to have him correspond directly with 
the men who have charge of installa- 
tions such as those that have just been 
mentioned so as to obtain further in- 


formation. 
Allen-Bradley Co., W. S. PFEIFER. 


Asst. Chief Engineer, 
Milwaukee, Wis. 
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In reply to G. C. B. I would say that 
theoretically it is poor practice to oper- 
ate two slip-ring induction motors in 
parallel; that is, with their secondaries 
using the same secondary resistance. 
There probably will always be some cir- 
culating currents between the two ma- 
chines. 

Two-motor controllers that are de- 
signed for such work as this, have a 
double-cylinder development which 
keeps the resistors of the two machines 
entirely separate. On the first point of 
such a controller the two motors are 
simultaneously thrown across the line 
with resistance in the secondary cir- 
cuit. On succeeding points of the con- 
troller, blocks of resistance are simul- 
taneously cut out of the secondary. 

It is the writer’s personal opinion 
that fairly satisfactory results can be 
obtained using duplicate motors in 
parallel on a single motor controller 
and having the same speed, horsepower, 
etc., and, of course, built by the same 
manufacturer, particularly if the serv- 
ice is intermittent as is the case with 
motors driving a turn-table. 

Before deciding on using two motors 
operating in parallel it would be ad- 
vantageous to compare the cost of the 
additional smaller motor with the cost 
of a motor large enough to carry the 
entire load. The additional cost of the 
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larger motor will, of course, be offset 
somewhat by whatever could be secured 
from the sale of the motor that it re- 
places. G. C. B. does not state the 
size of the motor he has nor how 
much more power is required. If a 
20-hp. motor is now used and a 
second motor is required it must also 
be rated 20 hp., for successful parallel 
operation on a single motor controller. 
If a 20-hp. motor is able to handle the 
load at present I doubt whether a 
40-hp. motor is needed; possibly a 
30-hp. motor would be large enough. 
An investigation of the difference in 
price between a 20-hp. motor and a 
30-hp. motor will probably show that 
the increased cost of the larger motor 
will not be so great as expected. The 
chances are that the controller now in 
use will be large enough to handle the 
larger motor. 

The starting resistor will doubtless 
have to be replaced and if so, care 
should be taken that the grids have 
ample mechanical strength to with- 
stand any breakage caused by the jar 
of the locomotive when it comes onto 
the turntable. Also, using one motor 
instead of two will reduce the upkeep 
and make a better job in every way. 


R. F. EMERSON. 
Industrial Engineering Dept., 
General Electric Co., 
Schenectady, N. T. 


In answer to G. C. B.’s question, I 
would say that two wound rotor induc- 
tion motors may be operated in parallel. 

If the motors are permanently con- 
nected together mechanically a single 
primary and a single secondary con- 
troller may be used for starting both 
motors. 

In making the permanent mechanical 
connection between the two rotors care 
should be taken to phase out the rotors 
to insure proper phase relations. 
Hopewell, Va. R. M. Bus. 


With reference to G. C. B.’s ques- 
tion, I believe that it will be satisfac- 
tory to operate the two slip-ring motors 
in parallel if the new motor is a dupli- 
cate of the present motor. It will be 
necessary, however, to have an inde- 
pendent drum controller and secondary 
resistance for each motor as they can- 
not be operated satisfactorily with a 
single drum controller and resistance. 
If the two drum controllers are 
mounted side by side and operated 
simultaneously, no difficulty should be 
experienced in their operation, but it 
will be necessary to make frequent in- 
spections to be certain that the primary 
fuses of each motor circuit are intact. 
It would be better of course, on account 
of the added complications, to use a 
single motor of the proper rating. 
East Cleveland, Ohio. L. J. JOHNSON. 


Answering G. C. B.’s question as to 
operating two slip-ring motors in 
parallel, I would say that this can be 
done successfully by using one second- 
ary resistance and controller twice the 
size of the one now in use. Two sepa- 
rate controllers and resistances could be 
used but would have to be moved to- 
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gether or one motor would take more 
than its share of the load. Therefore, 
one control would be far better. The 
motors should be of the same make and 
type, as some motors take more cur- 
rent on starting and also have more 
torque. 

The writer has worked this out a 
number of times on machines requir- 
ing two motors, especially flour milling 
machinery. Of course, the rotors of 
the two motors must be properly 
phased out before the rotors are con- 
nected in parallel. 

Williamsport, Pa. R. M. KONKLE. 
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In answer to G. C. B., on operating 
two alternating- current motors in 
parallel, I assume that he has in mind 
two polyphase, variable-speed, induction 
motors. 

It is practicable to have two motors 
coupled to a single load. Both motors 
must be started together. One way to 
do this is to excite the stators, then 
with two separate drum controllers and 
resistances start the motors. The shafts 
or handles of each controller should 
be coupled together in a manner simi- 
lar to a double controller. Hence both 
motors are started together, if both re- 
sistances are alike. In this manner 
both motors have the same acceleration 
and each motor will carry one-half of 
the total load. 

San Francisco, Calif. P. P. SCRIBANTE. 
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In reply to G. C. B., I have had 
unusually good success in operating 
two slip-ring induction motors, con- 
nected in parallel, from the same con- 
troller and resistance, the motors being 
the same size, make, etc. We made 
tests to ascertain the characteristics of 
each motor. After it was found that 
the motors were almost identical in 
every way, they were connected 
together by means of a flexible coup- 
ling, the controller and resistance 
being approximately doubled in capacity 
for this duty. 

Although this arrangement was satis- 
factory, I would recommend that a 
motor, having the necessary capacity, 
be purchased as it will give better effi- 
ciency. PHIL D. COMER. 
San Bernardino, Calif. 
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Method of Drilling Holes Through Plate 

Glass.—I have to drill some holes in 

plate glass % in. thick and wish some 

of our readers would tell me the best 
way of doing this. I have tried vari- 
ous methods but without much success 


and shall appreciate your suggestions. 
Little Rock, Ark. M. J. J. 


In answer to M. J. J., I have used 
the following method for drilling holes 
in glass with very good results. 

The necessary tools are a small drill 
press, a piece of copper tubing with an 
outside diameter equal to the size of 
the hole to be bored, a quantity of 
powdered carborundum and a little 
turpentine. A block of wood about 1 
in. thick with a hole bored through it 
the size of the tubing, should be used 
as a guide for drilling. 

The copper tubing must be firmly 
held on the spindle of the drill press. 
In order to do this, heat one end of 
the tubing and drive it over the spin- 


Vol.84, No.2 


dle while hot. The tubing should re- 
volve at 50 or 60 r.p.m. and the car- 
borundum moistened with turpentine 
should be fed into a hole cut in the 
side of the tubing. The pressure must 
be slight, and the tube should be raised 
frequently to allow fresh cutting power 
to work beneath it. 

In cutting plate glass by this 
method, it will be necessary to grind 
off the cutting end of the tubing once 
or twice, in order to obtain the full 
thickness of the wall. With this 
method about an hour is required to 
cut through .in. plate glass. 
Oakland, Cal. ROBERT BUCKETT. 
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Referring to the question by M. J. J., 
gum or glass camphor will make the 
process of drilling glass almost as sim- 
ple as drilling hard wood 

Glass camphor may be obtained at 
almost any hardware or paint store. 
An ordinary drill bit, such as is used 
for drilling metal, may be employed 
and the glass camphor should be ap- 
plied in small drops at the point of 
drilling. Care must be taken not to 
apply too much pressure while drilling, 
especially when the hole is nearly 
through. PHIL D. CoMER. 


San Bernardino, Calif. 
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Referring to the inquiry by M. J. J. 
about drilling holes in plate glass, a 
brass tube made be used with good re- 
sults for boring large holes. The 
brass tube should be held in a drill 
press chuck and guided through a hole 
in a cork cemented to the glass being 
fed with powdered emery, and water 
should be applied to the lower end of 
the tube. 

For drilling smaller holes a flat drill, 
similarly centered and lubricated with 
either turpentine or an alcoholic solu- 
tion of camphor will work satisfac- 
torily. This drill should be at least of 
file hardness to give good results. 

Most glass can be filed the same as 
cast iron if the file is moistened 
sufficiently with one of the above solu- 


tions. H. D. FISHER. 
Plant Engineer, 

New Haven Pulp 5 Board Co., 

New Haven, Conn 


In answering M. J. J.’s question I 
will assume that he has unlimited pa- 
tience; otherwise there is but one 
answer, and that is to have someone 
else drill the glass for him. 

An ordinary drill can also be used 
if it is dipped in muriatic acid of 
medium strength to keep it in glass- 
cutting condition. Quite naturally, this 
means the end of that drill’s usefulness. 

Turpentine applied to the glass is 
very beneficial regardless of the means 
of cutting, and when carborundum is 
mixed with turpentine and applied to 
the glass a simple drill can be used. 

This drill can be made by break- 
ing off the point of a three-cornered 
file to a 2%-in. or 3-in. length. It 
should be used in a hand drill at a 
good rate of speed and not much 
pressure. 

Extreme care must be taken when 
the hole is nearly through, for the 
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glass is then quite weak and it is at 
this point that breaking usually occurs, 
if too much pressure is applied, or by 
allowing the drill excessive freedom. 
Naturally, the glass must be securely 
fastened to a base while it is being 
drilled. Do not economize on turpen- 
tine, use a fair speed and decrease the 
pressure as the drilling progresses. 
These precautions together with a 
whole lot of patience, will insure satis- 
factory results. 


Newark, N. J. EDWARD JAMES. 


In answer to M. J. J., any hard steel 
tool will cut glass fairly easily when 
moistened with camphor dissolved in 
turpentine. To support the tool a 
drill bow or even the hand alone may 
be used. A round hole may be readily 
enlarged with a round file moistened 
with turpentine and camphor. Flat 
window glass can be sawed with an 
ordinary watch spring saw and even 
the most brittle glass can be worked 
without difficulty by the use of cutting 
tools kept constantly moist with the 


above solution. MARTIN G. LANE. 
Electrical Engineer, 

Climax Molybdenum Co., 

Climax, Col. 
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Replying to M. J. J., I have found 
the following method to be very useful 
indeed. 

A tool for this purpose is made from 
a mild steel rod of suitable length, with 
an outside diameter approximately 
0.012 in. smaller than the actual size 
of the hole required. The cutting end 
is hollowed out with a drill, leaving a 
wall thickness of ys in. The other end 
of the rod is held in a hand or breast 
drill. 

A flat surface is required, such as a 
drawing table or desk table padded 
with newspapers. A piece of paper 
the size of the glass is marked out for 
the holes and the glass is laid over the 
paper. 

A wooden block with a hole the 
size of the tool is placed on top of the 
glass and a weight, preferably one with 
a hole in it, is put on the wood to keep 
it from shifting out of place. Carbo- 
rundum and turpentine are poured on 
the glass through the hole in the wood, 
and when the tool is placed in the hand 
drill and rotated on this abrasive, it 
will bore a clean hole in approximately 
20 min. 

If it is desired to have a smooth edge 
on both sides of the glass, just reverse 
the sides when the hole is bored half- 
way. 

If the piece of paper with the 
locations of the holes is the exact size 
of the glass, it will help to locate them 
accurately when the glass is reversed. 
. Carborundum and turpentine should be 
added from time to time as the glass is 
worn away. After the hole is started 
and is about & in. deep, the wood may 
be removed, which will make it easier 
to feed the tool with carborundum and 
turpentine. 

If the glass is small and a drill press 
is available similar results may be 
obtained by running the tool at slow 
speed and feeding it lightly, but often, 
with carborundum and turpentine. 
Montreal, Que., Can. J. C. BRAY. 
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Stopping Breakage of Gears.—On each 
battery of furnaces in our refinery 
there is a 7%4-hp., 1,800-r.p.m., motor 
driving a device that clears the coke 
from the furnace. The motor is con- 
nected by a roller chain to a shaft 
driving a pinion meshing with a large 
double gear that drives the device. 
This device is subjected to very un- 
usual loads at times, especially when 
it is about time for the furnace to be 
rebuilt. These loads are so heavy and 
come on so suddenly that the teeth are 
often broken off the bevel gear, which 
is made of cast iron. As it is rather 
expensive to replace these gears, I am 
wondering if our readers can suggest 
some device that I could put on this 
drive to disconnect it when the load 
becomes too great. Would a coupling 
having shear pins do the trick? How 
could I make such a coupling? 

Tulsa, Okla. 1. A. N. 


In reply to L. A. N., a motor speed 
of 1,800 r. p.m. is, in my estimation, 
too high for the use of a roller chain. 
I would recommend the use of a silent 
chain, which is better adapted to regu- 
lar motor drives. Also, I believe that 
a shearing pin sprocket could be used 
to good advantage in your case. 
Ithaca, N. Y. A. B. WRay. 
Morse Chain Co., 
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Answering L. A. N., if the suddenly 
applied heavy loads do not stall the 
motor, it would appear that the gears 
are not of the proper design. Cast-iron 
gears repeatedly subjected to sudden, 
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The dimensions of this shearing-pin 
hub are given in terms of the diam- 
eter of the shaft on which it will 
be mounted. 


heavy loads will crystallize with the 
result that breakage occurs at normal 
or even light loads. I suggest making 
the bevel gears of steel castings. 

A shearing-pin hub can be used to 
advantage in places where the machine 
elements are subjected to severe heavy 
loads. 

In the absence of data regard- 
ing the speeds of the shafts, gear and 
chain ratios, diameter of shafts and 
so on, it is difficult to design the proper 
shearing pin device. However, the ac- 
companying sketch gives the propor- 
tions in terms of the diameter of the 
shaft on which it is to be mounted. 
The tool steel bushings are not essen- 
tial as far as the functioning of the 
device is concerned, but are of value 
when removing the sheared pins, as 
they protect the hole from being torn 
or wedged. The shearing pins are 
grooved in the middle to a reduced area 
depending upon the maximum torque 
required to operate the shearing de- 
vice. 

Since there is not sufficient infor- 
mation given to calculate the torque 
at the point where the shearing-hub 
device could be located the size of the 
groove can be obtained by trial or 
actual experience. The shearing-pin 
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hub should be supported by a pillow 
block bearing at each side. 
Engineering Dept., E. H. LAABS. 


Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Why Does One Brush Are on This Com- 
mutatort—I have been testing some 
series-wound motors rated at 1/60 hp. 
These run 1,600 r.p.m. under load and 
take about 0.4 amp. Speed is governed 
by a three-ball friction governor. 
With the governor released, the speed 
is 7,000 r.p.m., at no load. The motor 
is connected in series with 180 ohms 
resistance across a 110-volt a.c. line. 
thereby impressing about 88 volts 
across the armature. 

We have considerable trouble with 
the brushes arcing and cutting the 
commutator. This makes the speed 
very irregular; so we are trying to 
improve the commutation. Offsetting 
the brushes so that they do not track 
increases the trouble. ne brush will 
arc badly, while the other does not 
and leaves a very little carbon deposit 
on the commutator. 

The commutator has 36 segments 
and is 1% in. in diameter. We have 
used several grades of brushes, but the 
best lasted only 368 hr. If anyone can 
explain this trouble or help me im- 
prove the commutation, I shall appre- 


ciate jt. 
Camden, N. J. L. G. J. 


In answer to L. G. J., I believe that 
the chief cause of sparking in his case 
is an unbalanced armature, or it be- 
come unbalanced after the governor is 
attached or connected to the armature. 

Another cause may be that the com- 
mutator is not running true with the 
bearings. If the commutator is the 
slightest fraction of an inch out of 
line with the shaft, it will cause spark- 
ing. To remedy this, turn the commu- 
tator in a lathe on centers. Be sure 
to clean the center, or recut the center 
in the armature, first. 

Do not use a brush which is too soft; 
a good medium carbon brush will be 
necessary. The springs must have the 
proper tension. 

The above suggestions are made on 
the assumption that the armature has 
been tested with a millivoltmeter for 
open circuits and short-circuits, and 
that the field is also free from shorts 


H. A. NIELSEN. 
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or grounds. 


Los Angeles, Calif. 


With reference to the question asked 
by L. G. J., I would say that series 
motors, which do not have a compen- 
sating winding, have the brushes shift- 
ed from the mechanical neutral against 
the direction of rotation, thus bringing 
them to the electrical neutral. To ob- 
tain this result the brushes are moved 
through the angle 7, as shown in 4 of 
the accompanying illustration. Due to 
the armature reaction, the field flux will 
be stronger (bunched) on one tip of 
the pole than on the other, as shown. 

If the direction of rotation is 
changed by either reversing the arma- 
ture or field leads, the field flux will 
bunch on the other pole tip, thus 
changing the electrical neutral. Un- 
less the brushes are shifted from the 
mechanical neutral in the opposite di- 
rection, as shown in diagram B, the 
brushes will not be on the electrical 
neutral. Therefore, sparking will be 
prevalent, but may be confined to only 
one brush. 

L. G. J.’s trouble may be due to the 
brush-holder and not to the internal 
connection of the motor, because the 
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This shows the relation between 
the electrical and mechanical neu- 
trals for a series motor not having 
a compensating winding. 


Diagram A shows the direction in 
which the brushes must be shifted 
for counter-clockwise rotation of 
the motor, while diagram B shows 
the relation for the opposite direc- 
tion of rotation. 


trouble is confined to one brush. 
Furthermore, the brush life that he is 
obtaining, is too short. This is an indi- 
cation of low brush pressure causing 
the brush and the commutator face to 
burn away very rapidly. Rapid brush 
wear cannot be laid to too heavy brush 
pressure. 

If the brush-holder is of the cartridge 
type, the coil spring should be care- 
fully inspected. Sometimes it will 
catch on the inside of the brush-holder 
and will not apply sufficient pressure to 
the brush. Also, the spring may be 
too weak to apply the necessary pres- 
sure. In either case the spring tension 
should be carefully tested by lifting 
the brush from the commutator face. 

Regardless of the type of brush- 
holder, it would be advisable to inspect 
the brush carefully to see that it works 
freely in the box and that the pressure 
on the brush is sufficient to give a good 
contact. Very often foreign matter 
will be found adhering to the inside of 
the box, thus preventing free travel of 
the brush. 

From the data furnished I am as- 
suming that the brushes are movable. 
Therefore, another suggestion may 
throw a little more light on the sub- 
ject. Due to the fact that sparking is 
confined to one brush, and if the brush 
is found to work freely in the box with 
the proper brush pressure, the next 
step would be to check the brush spac- 
ing. If it is a two-pole motor, the 
brushes should span one-half of the 
commutator bars. The brush which 
does not spark is probably properly 
located in the commutating zone, while 
the brush which sparks may be shifted 
away from the commutating zone. 
Therefore, it would be short-circuiting 
bars that are connected to coils whose 
potential is not zero, thereby causing 
the brush to draw an arc when the 
bars pass out from under it. If this is 
the case, move the brush-holder hold- 
ing the brush which does the sparking, 
in either direction until the sparking 
decreases. 

The explanation of the increase in 
sparking with an increase in load is 
as follows: 

(A) When the brush tension is low, 
or if the brush is sticking in the brush 
box, the increased current through a 
poor brush contact will increase the 
sparking. A simple test is to apply 
additional pressure to the brush. If 
the sparking stops, the cause is evident. 

) the brush is off the commu- 
tating zone, the increased armature 
current will cause an increase in the 
reactance voltage, which will in turn 
cause an increase in the short-circuited 
current which must be broken when 
the commutator bars pass from under 


the brush. J. M. ZIMMERMAN. 
Renewal Parts Engineer. 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 
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Method of Turning Commutators—I 


would like some pointers from readers 
as to the best way of turning com- 
mutators in a lathe. What size and 
shape of cutting tool should I use for 
the roughing cuts? Will this same 
tool be satisfactory for the finishing 
cuts? What is the best cutting speed? 
Would you recommend using sand- 
paper to give a final polish to the 
commutator or do you depend on the 
lathe tool to give the final polish? I 
shall appreciate any other details 
about turning commutators that read- 
ers can give me. 

Hammond, Ind. H. H. 


Answering the question asked by 
H. H., I use the same kind of tool as 
for turning shafting. Run the arma- 
ture as near to operating speed as pos- 
sible, taking light cuts until the com- 
mutator is true. Then sandpaper the 
commutator with No. 00 sandpaper, so 
that all tool marks are removed. 

Grind a tool to a “V” point of the 
same thickness as the mica between 
segments. Now undercut the mica by 
moving the carriage with the pointed 
tool by hand and rotating the armature 
one segment at a time. After complet- 
ing the undercutting, sandpaper the 
commutator again to remove all burrs. 
Finally blow out all traces of sand and 
copper cuttings. This treatment will 
give excellent results. 


Chief Electrician, 
Booth-Kelly Co., 
Springfield, Ore. 
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H. H. will find that an undercut 
commutator should be turned at a 
fairly high peripheral speed, for a 
slow speed will cause the copper to 
drag over the slots. 

In regard to the tool to use, I prefer 
a sharp, diamond-pointed tool, with 
one side (the side away from the 
cutting side) ground at an angle of 10 
to 15 deg. This tool is used for the 
rough cuts. For the finish cut I prefer 
a slightly blunt nose on the cutting 
tool, but it should, nevertheless, be 
sharp. 

By using a slightly blunt tool for the 
finish cut it will make a smooth cut 
even if the feed does not function in 
time with the revolutions of the arma- 
ture. 

After a good finishing cut, it should 
not be necessary to use a file, but as 
some mica and some copper is harder 
than others it may at times be neces- 
sary to use a file and also sandpaper. 
When using these, back up on the tail- 
stock so as to let the armature turn 
very freely. Run the armature at a 
very high speed and use the file spar- 
ingly as a file or sandpaper will wear 
away the copper more rapidly than the 
mica, which will result in high mica 
unless the commutator is undercut. 

It is also essential that the point 
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of the tool be as high or even a trifle 


higher than the center of the commu- 
tator, for with this adjustment it will 
cut better, and you do not run chances 
of digging into the commutator. You 
can always tell if the tool is cutting 
properly by the shape of the chips. If 
they curl up and look smooth you can 
be quite satisfied that the commutator 
will have a nice finish. If the speed 
of turning is too slow, I find that the 
mica will not cut even with the copper, 
as may be determined by running your 
finger nail over the commutator. 

In regard to the size of tool to use, 
I find that it makes very little differ- 
ence as long as it is ground to the 
right taper. I may add that the tool 
should have a slight taper on top away 
from the cutting side, so that the chips 
will drop off about % in. from the 
commutator. Only the top or cutting 
edge will touch the commutator. 

NICHOLAS J. WEISS. 

West New York, N. Y. 
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The selection of a commutator turn- 
ing tool is of less importance than 
many other item affecting this line of 
work, as the choice in most cases de- 
pends upon the machinist doing the 
work for most machinists have their 
favorite tools for different lines of 
work irrespective of best practice. The 
most important part is in setting the 
tool for a minimum cut with respect 
to the high points, which are surpris- 
ingly high in many cases. 

Before any cutting is done it is a 
pretty good idea to protect the risers 
and the inside of the armature from 
the resulting dust and chips. About 
the simplest manner in which this can 
be accomplished is to tie a piece of 
cloth about the commutator as close to 
the risers as is possible, after which it 
should be stretched over the top of the 
coils and tied again, being tightened 
further after it has been tied in place 
on top of the coils. 

Outside of care in the use of the 
tool and the taking of medium cuts, 
there is little to be said regarding the 
actual turning of the job. With manu- 
facturers this generally resolves itself 
into two distinct processes, a rough cut 
followed by certain manufacturing 
operations and then by the finishing 
cut. 

As to speed I have found that in 
turning a commutator without remov- 
ing it from the generator a speed of 
100 r.p.m. is satisfactory. In grinding 
a commutator, however, it is necessary 
to run it at normal speed with the 
grinding wheel running in the opposite 
direction. If the commutator on an 
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adjustable-speed motor is being ground, 
always grind it at its highest rated 
speed. 

As to the polish I will say that I 
have seen a number of jobs turned out 
by using a roughing cut followed by 
sandpaper for polishing but it is the 
practice of a large manufacturer who 
is building up an enviable reputation 
to take two different cuts, slot the 
commutator and polish while running 
at the highest rated speed of the arma- 
ture. This procedure gives an arma- 
ture as nearly perfect as it can be 
produced. 

However, for ordinary repair work a 
diamond-pointed tool with No. 00 sand- 
paper, used with consideration will pro- 
duce very satisfactory results. 

Newark, N. J. EDWARD JAMES. 
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In reply to the question asked by 
H. H., I would say that we have found 
that any experienced machinist in our 
shop does very satisfactory work at 
turning a commutator. As to the speed 
of the lathe would say that this is not 
an important feature of the operation, 
but using a good arbor that fits well 
and is well centered so that the com- 
mutator revolves true, is quite im- 
portant. We use a very sharp tool of 
no particular design and feed it very 
lightly, going over the commutator 
several times and feeding still lighter 
on the finish. We then polish with fine 
sandpaper using a slow lathe speed. 


Chief Electrician, A. C. 2 
W. S. Libbey Co., C. BARKER 
Lewiston, Me. 
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Answering H. H., the cutting tool 
should be set at an angle of about 45 
deg. and slightly above center. Use a 
sharp diamond-shape tool and have the 
commutator turning rapidly. Take a 
fine cut and when all of the flat places 
are gone, take an extra fine cut. Then 
file with a bastard file so as to remove 
the tool marks on the commutator. 

Before the polishing process is 
started the commutator must be slotted, 
so as to remove high mica. Then go 
over the whole commutator to see if 
there are any burrs that will short 
some of the segments. 

Next take No. 0 sandpaper to start 
polishing the commutator and give the 
final polish by using No. 00 sandpaper 
with a little oil on it. 


HARRY J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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In turning commutators, I use a 
diamond- pointed tool, that is ground to 
about 50 or 55 deg. and rounded up 
with an oil stone. There should be 
about 12 or 15 deg. clearance. The 
%%-in. square tool steel can be ground 
properly and used for this purpose. 

The tool must always be set at the 
center of the commutator, or above, be- 
cause copper is very tough and will 
drag. The tool will also drag if the 
clearance is not sufficient. It is pos- 
sible to cut copper at almost any reas- 
onable speed, but if too slow a speed 
is used good results will not be had. 

It is good practice to slightly round 
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the ends of the bars, and this can also 
be done with a fine mill file. After the 
commutator is turned I use a mill file, 
giving the file strokes a rolling motion. 

Some mechanics use oil with sand- 
paper for polishing, but this is not 
good practice, as any electrical manu- 
facturer will tell you. I use sandpaper 
after filing, but no oil. After the sand- 
paper has been applied, the commutator 
can be given a fine polish with the 
hand, a muslin cloth, or a piece of 


drilling. GRADY H. EMERSON. 
Asst. Chief Electrician, ; 
Alabama Fuel & Iron Co., 
Birmingham, Ala. 
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Operating A.C. Demagnetizer on Direct 
Current.— Will some reader please tell 
me of a cheap and simple way of 
changing a 110-volt a.c. demagnetizer 
so that it can be operated by direct 
current at the same voltage. 
Norristown, Pa. C. D. H. 
It will be necessary for C. D. H. to 

provide means for reversing the direct- 

current supply. This may be done by 

mounting two collector rings and a 

commutator on a shaft, either at the 

end of the shaft of a small motor or 


DC Supply 


| Fixed resistor 
| Wf required 


Fixed conaenser... 


* 
Collector A ( from 
rings commutator 
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Method of exciting a demagnetizer 
from a d. c. power supply. 


A two-bar commutator is connected 
through slip rings to the d.c. power 
supply. By revolving the commu- 
tator at a good rate of speed a 
supply of alternating - current is 
obtained for the demagnetizer. 
Resistors and condensers are used 
as shown to reduce sparking at the 
commutator. 


on a shaft mounted in two bearings, 
which may be belted or coupled directly 
to a driving motor. The commutator 
can be made of two parts separated by 
an insulated break wide enough so that 
the brushes will not overlap and cause 
a short-circuit between the parts. If 
the direct-current supply is fed to the 
collector rings, an alternating current 
will be obtained from the commutator. 

It may be necessary to insert a re- 
sistor, made up of one or more lamps, 
or a fixed resistance, in the collector 
ring to limit the current. A small con- 
denser should also be connected across 
the demagnetizing coil to cut down and 
reduce the sparking at the commutator. 
A telephone condenser will usually be 
sufficient for the average coil. 

It is possible to use an electrolytic 
interrupter of the Wehnet type, but the 
writer has not found one of these to 
be satisfactory if very much current is 
to be handled. 


C. OTTO VON DANNENBERG. 
Designing Engineer, 
Sanderson & Porter, 
Springdale, Pa. 
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Answering C. D. H., a demagnetizer, 
which is nothing more than a coil of 
wire wound on a suitable supporting 
frame will magnetize a piece of steel if 
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direct current is passed through the 
coil. If alternating current is passed 
through the coil the piece will be de- 
magnetized. This is because the alter- 
nating current causes the steel to be 
magnetized first in one direction and 
then in another at each alteration, and 
as the piece is withdrawn from the de- 
magnetizer the magnetism becomes less 
and less at each alteration, so that 
when the piece of steel has been en- 
tirely removed from the magnetic field 
it will be demagnetized. 

From this C. D. H. will readily see 
that a demagnetizer cannot be operat- 
ed as such on direct current; instead 
of changing the demagnetizer, it will 
be necessary to obtain alternating cur- 
rent. 

This can be done, if the expense is 
justified, by mounting two collector 
rings on the shaft close to the commu- 
tator of a small d. c. motor. Connect 
one ring to one commutator bar and 
the other ring to a bar which is direct- 
ly opposite, or half-way around the 
commutator. A suitable brush should 
be placed on each collector ring. By | 
running the motor from a d. c. supply, 
alternating current for operating the 
demagnetizer can be obtained from the 
collector rings, through the brushes. 
Longview, Wash. W. L. HARTMAN. 
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What Kind of Wire Should Be Used 
Used?—We are having considerable 
trouble from grounds and shorts due 
to the insulation failing on the wires 
running from our pyrometers to the 
indicating and recording mechanisms. 
The pyrometer points are located 1 
the stills and furnaces of a refinery, 
and the indicating instruments are 200 
to 300 ft. away. Consequently, the 
wires are subjected to considerable 
heat at one end of the line while the 
other end is cool. The wires are car- 
ried in conduit and we have trouble 
with condensation in these pipes. Or- 
dinarily rubber-covered, double-braid 
wire rots out in less than six months. 
The so-called ‘‘flameproof’” wire has 
not proven satisfactory in this applica- 
tion. Can any reader tell me what I 
can do to correct this trouble? 
Tulsa, Okla. L. A. 


In reply to L. A. N.’s question in a 
recent issue of INDUSTRIAL ENGINEER, 
I wish to say that we are using asbes- 
tos-insulated wire in conduit, in several 
pyrometer installations operating at 
high temperature and have not had 
any failures in five years. This wire 
was furnished by the Brown Instru- 
ment Company, Philadelphia, Pa. 


Chief Electrician, J. S. MURRAY. 
Follansbee Brothers Company, 
Toronto, Ohio. 
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I would offer the following sugges- 
tion to L. A. N. as a remedy for the 
trouble that he is having. Three years 
ago we had similar difficulty; our 
trouble was caused, apparently, from 
condensation due to warm air entering 
one end of the conduit and as this 
warm air strikes the cold section of 
the pipe, moisture is bound to form on 
the conductors and on the inside of the 
conduit, causing the trouble. 

To remedy this we plugged both ends 
of the conduit using plaster of paris. 
This stopped the passage of air and 
we had no further trouble. 

Chief Electrician, A. C. BARKER. 


W. S. Libbey Co., 
Lewiston, Me. 
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Increasing Thickness of Slot Insulation. 
—I have a 3-hp. Allis-Chalmers induc- 
tion motor that is connected two-par- 
allel star. The motor has 48 slots and 
48 coils consisting of 25 turns of No. 
16 double-cotton-covered wire and is 
rated at 220 volts, 9 amp., 1,200 r.p.m. 
This motor gets very hard service, 
although the load is not excessive, and 
I would like to decrease the size of 
wire in it. What change would have 
to be made in the pitch if No. 17 dou- 
ble-cotton-covered wire were used to 
San Diego, Calif. E. A. F. 


In reply to E. A. F., I suggest that 
instead of changing the size of wire 
from No. 16 d. c. c. to No. 17 d. c. e., he use 
No. 16 s.c. enameled wire. With this 
change it is possible to increase the 
slot insulation 15 mils. 

If it is desired to use No. 17 d.c.c. 
wire, the only noticeable difference will 
be a slight temperature rise of 3 to 5 
deg. C. The coil pitch need not be 
changed but in case it is, then the num- 
ber of turns per coil must also be 
changed. 

I have found it good practice to use 
a total of 40 mils of slot insulation for 
stators up to 25 hp. operating at 440 
volts. This insulation consists of one 
25-mil thickness of oiled canvas and 
another 15-mil thickness of leatheroid 
or fishpaper. 


San Francisco, Cal. P. P. SCRIBANTE. 
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Answering E. A. F.’s question about 
increasing thickness of slot insulation, 
it will not be necessary to change the 
winding pitch. If the winding pitch is 
changed, it will slightly increase or de- 
crease the speed of the motor. Single- 
cotton-covered and enameled wire will 
give more room in the slots and will not 
deteriorate as rapidly as d.c.c. wire 
under hard service. Decreasing the 
size of the wire in this case from No. 
16 to No. 17 will decrease the horse- 
power of the motor to a small extent. 

The top and bottom layers of tne 
coils in the same slot should be sepa- 
rated with a fibre strip 1/12 or 1/16 
in. thick. Between the coil layers at 
the ends, phase insulation, fishpaper or 
empire cloth, should be used. In the 
bottom of the slot a strip of 1/16-in. 
fibre should be placed and for slot 
insulation, fishpaper and empire cloth 


should be used. HARRY J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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Replying to E. A. F. it is not en- 
tirely clear to me just what he has in 
mind by saying the motor is subjected 
to severe service with no overload, un- 
less severe vibration takes place. How- 
ever it is not necessary to change the 
connections or the pitch, if he decides 
to change the size of the wire. 

Not knowing the particular use of 
the motor it is difficult to understand 
why the size of the wire should be 
changed, as my experience with Allis- 
Chalmers motors leads me to believe 
that the slot insulation is suitable for 
the voltage at which the motor is ex- 
pected to operate. Slot insulation con- 
sisting of one piece of 0.015-in. un- 
treated fishpaper, and one piece of 
0.010-in. empire cloth is adequate for 
220 or 440 volts. It is not always the 
amount of insulation that is used, but 
rather how it is used that produces 
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results. I assume that the motor was 
burned out and perhaps the slot insula- 
tion being burned through was the 
cause of the burnout. There might be 
a possibility that it was caused by 
loose wires or dirt in the cell, and when 
the arc started, it burned through to 
the iron. 

I would consider the motor of much 
less value if the size of the wire were 
reduced. My advice would be to re- 
wind the motor according to factory 
specifications, then give the coils a good 
soaking in clear baking varnish and 
when this is thoroughly baked in, apply 
black baking varnish until it runs 
clear through the coils in the cells. If 
you have a megger the winding should 
be baked until it tests 100 megohms 
and when it becomes cold the exposed 
parts of the coils should be coated with 
black, oilproof varnish, to make a real 
job with no loose wires. A motor 
treated this way is almost dirt- and 
water-proof. 

If you have no oven, place a heater 
inside the motor and close the ends, 
but do not cover the motor up. Above 
all things, be sure that the first var- 
nish is thoroughly dry before applying 
the black varnish, as two distinct coats 
are much better than two varnishes 
blended together, as would be the re- 
sult if the first was not perfectly dry. 
Longview, Wash. C. L. HARTMAN. 
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In answer to E. A. F., I would sug- 
gest that he use No. 16 B. & S. gage 
s.c.e. wire, which will reduce the 
amount of wire insulating material and 
permit the use of thicker slot cells. 

The present winding has 50 No. 16 
d.c.c. wires per slot and the ‘insulated 
diameter of No. 16 d.c.c. wire is 0.0598 
in., while that of No. 16 s.c.e. wire is 
0.0573 in. or a difference of 0.5098— 
0.0573 = 0.0025 in. per wire. Arrang- 
ing the 25 wires per coil in a square, 
five wires wide by five deep the width 
and depth with No. 16 d.c.c. wire would 
be 0.299 in. Likewise the insulated 
width and depth of 25 No. 16 s.c.e. 
wires would be 0.2865 in. or a saving 
in slot width of 0.2990—0.2865=0.0125 
in., and 2X0.0125—0.025 in. of slot 
depth using the same size wire with a 
different covering. 

Checking further, the present wind- 
ing is connected two-parallel-star for 
220 volts. Then a series-star connec- 
tion would change the line voltage to 
440 volts with 25 turns per coil. Now, 
we know that a delta connection re- 
quires more turns of a smaller wire 
than the star connection, and that 25 
turns per coil with a series-star con- 
nection requires a line voltage of 440, 
or volts per phase equals 440 1.73 
254. 

Using 25 turns and a series-delta 
connection the line voltage would have 
to be 254 volts, but owing to the fact 
that this motor is to operate on 220 
volts, the turns per coil will have to 
be decreased as follows: The series- 
delta turns per coil equal (220 K 25) = 
2542 21.65 or 22, and the size of wire 
has to be increased in the same pro- 
portion as the turns are decreased. 
No. 16 d.c.c. wire has an area of 2,600 
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circ. mils while the area of the new 
size equals (25 2, 600) 22 2, 954 circ. 
mils. The nearest size is No. 15 with 
3,250 circ. mils, which would fill up 
the slot more than the present wind- 
ing. 

However, the new size, with an 
area of 2,954 circ. mils is only 2,954 
—2,600 or 354 circ. mils smaller than 
the No. 16 d.c.c. wire of the original 
winding. Accordingly 22 turns of No. 
16, d.c.c. wire connected series-delta are 
better to use than 25 turns of No. 17 
d.c.c. wire in series-delta, since the lat- 
ter has an area of 2,030 circ. mils, or 
a difference in area between No. 16 
and No. 17 of 2,600—2,030=570 circ. 
mils. Judging from these facts, the 
best winding for this motor for normal 
rating would be 22 turns of No. 16 
s.c.e. wire with the same coil pitch and 
connected series-delta for 220 volts. 

The use of 22 turns per coil means 
six less turns per slot which, with the 
room gained by using single-cotton- 
covered and enameled wire will allow 
the use of thicker winding cells. The 
coil pitch does not affect the size of 
wire except on very close designs where 
the chord factor changes the number of 
effective turns, which varies the torque 
and the current required to produce it. 

The above winding will meet the 
conditions E. A. F. requires and will 
be found satisfactory under load. 
Wilkinsburg, Pa. A. C. ROER. 
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Calculation of Rotor Winding for Squir- 
rel-Cage Motor.—I have a 1-hp., 220- 
volt, Type RI, single-phase, General 
Electric motor, which I wish to re- 
wind for three-phase operation. I 
have calculated the winding for the 
stator, but do not Know how to go 
about figuring the squirrel-cage wind- 
ing for the rotor. Can any reader 
give me some help in this matter? 
Oakland, Calif. B. B 
In reply to the question by B. B. 

about changing a single-phase motor to 
three phase, the rotor need not be con- 
sidered other than to see that it has 
approximately 80 per cent of the 
amount of copper, or its equivalent, 
used in the stator. It is true that defi- 
nite rules govern the design of squirrel- 
cage rotors as to the amount of copper, 
centrifugal force and so on, but good 
results have been obtained on the above 
basis. 

As an explanation of the term 
“equivalent” I refer to the fact that 
the conductivity of cast copper is about 
80 per cent of that of the rolled copper 
used in the stator, while a cast-brass 
squirrel cage has about 20 per cent of 
the conductivity of the rolled copper. 
The squirrel-cage winding includes both 
bars and rings. 4 

A fair idea of the relations existing 
between the three-phase and single- 
phase designs can be obtained when a 
squirrel-cage three-phase motor is oper- 
ating from a single-phase circuit. It 
can be loaded up to about two-thirds 
of the three-phase value, if the terminal 
voltage is increased slightly, or to ap- 
proximately 60 per cent of the three- 
phase value with no change. In this 
event the exciting current will be very 
high and be likely to approach twice 
its normal value. 


West Allis, Wis. EDWARD JAMES. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operatin 
refer to inspection, over 


Handy Portable Starting Device 


for A.C. Motors 

N COMPLYING with a recent re- 

quest from a manufacturer for a 
portable starting device for use with 
three-phase a.c. motors rated from 1 to 
5 hp. and used on machines assembled 
in his plant, it was necessary to fur- 
nish a special magnetic switch formerly 
used for demonstration purposes. 

Mounted on each column throughout 
this manufacturer’s plant was a fused 
line switch for starting the motors un- 
der the old system. In operation, the 
line test clips on the magnetic starting 
switch are fastened to the bottom ter- 
minals of whichever one of these fused 
switches is most convenient, and the 
motor test clips connected to the motor 
which it is desired to operate, as shown 
in this illustration. 

Because of the size of the driven ma- 
chines it was necessary to allow about 
30 ft. of space around each one while 
it was being assembled. For that rea- 
son a push button with a piece of three- 


The magnetic switch of the starter 
is connected to the motor line 
switch and operated by the push 
button. 


uling, testing, and emergency or 


conductor cable long enough so that it 
could be taken to that part of the ma- 
chine where it was most needed, saved 
considerable time. This arrangement 
enabled the operator to carry the 
starter to the nearest line switch, clamp 
on the test clips, push the button and 
operate the machine easily and con- 
veniently. 

Such a scheme could be used to ad- 
vantage by assemblers or inspectors, in 
other plants, as it would enable them 
to keep a close watch of all bearings 
and rotating parts during a test run 
and to stop the machine almost instant- 
ly in case trouble should develop. 


Industrial Control Dept., E. B. SMITH. 
General Electric Co., 
Cleveland, Ohio. 


Ammeter Indicates Single- Phase 
Operation of Motors 


N RECENT issues of INDUSTRIAL 
ENGINEER I have noted several 

articles regarding the single-phase 
operation of three-phase motors. Per- 
haps the following experience may 
prove to be of interest to some of our 
readers. 

One morning I was called to one of 
the mill departments by the depart- 
ment superintendent to find out why 
one of his motors showed such a high 
reading on the ammeter. As there 
were other motors running on the same 
line at the time we naturally thought 
of an overload at first, but found that 
all the connected machines were run- 
ning normally. Then single-phase op- 
eration was thought of, but after the 
motor had been stopped it started 
again promptly; so the possibility of 
single-phase operation was dismissed 
for the time being. 

There are three motors, one 50-hp. 
and two 20-hp. motors, running on the 
same branch circuit from the main dis- 
tribution panel, all on one set of fuses, 
and under those conditions we were un- 
able to understand the behavior of the 
ammeter. A few minutes later we had 
occasion to shut down all three of the 
motors and the cause of the trouble 
was immediately apparent when we at- 
tempted to start again—one fuse was 
blown. 

Two of the motors had an ammeter 
mounted on their starters. One of 
these ammeters read high, while the 
other ammeter, which happened to be 
in a different phase read low. What hap- 
pened was that the 50-hp. motor had 
been started first; then the two 20-hp. 
motors had been started. During this 
operation the fuse had blown, but as 
the 50-hp. motor was running it sup- 


conditions are invited from readers. The ttems may 


special installations. 

plied current for the others and en- 
abled them to be started. As soon as 
all three motors were shut down it was 
impossible to start any of them. After 
the fuse was replaced the motors all 
started and ran perfectly, the am- 
meters showing normal readings. 

Single-phase operation is difficult to 
detect with only one ammeter, unless 
it is arranged with a meter switch so 
that the current can be read in all 
phases. Two ammeters will imme- 
diately locate the trouble as will also 
two single phase wattmeters. 

If located in a quiet place single- 
phase operation can be detected by the 
peculiar hum of the motor, but in a 
noisy location no difference can be de- 
tected. A speed check is worthless as 
the change in speed is too small to be 
of any particular benefit in diagnosing 
the trouble. Of course, if the motor is 
left running long enough the coils will 
become unduly hot in one phase and 
thus disclose the trouble, but the insu- 
lation may be damaged. 

Chief Electrician, Les F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 


Wooden Stiffener 
Permits Use of Hacksaw Blade 
in Close Quarters 


T ELECTRIC wiring and installation 
work it is often necessary to use a 
fine-toothed hacksaw blade for cutting 
off bolt ends, laths inside plastering, 
cutting cable in confined places, for cut- 
ting off pipe conduit placed between 
floors and in walls and for other uses. 
Often the work must be done in a cor- 
ner where it is not practicable to use 
a hacksaw frame. In such cases it is 
often possible to greatly increase the 
facility of cutting with the unsupported 
saw blade by means of the slotted 
wooden handle or backing shown in the 
accompanying drawing. This saw stiff- 
ener is used for all such work by one 
electrician. 

The stiffener consists of a piece of 
oak, slightly longer than the blade, 
with a slot in one side, into which the 
saw blade is pressed. The blade is 


Countersunk screw ; 
and nut —---—. Lr 
Saw. ELG 


This wood stiffener makes it easier 
to use a hacksaw blade in close 
quarters. 
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held in the handle by a short bolt with 
countersunk head and nut. If the slot 
is made off-center it is possible to get 
closer to the edge. Also, if the end of 
the blade is broken off it is possible to 
get about % in. closer into a corner 
where it is necessary to use only the 
end of the blade to make the cut. Such 
a stiffener holds the blade straight and 
rigid and permits a good, substantial 
cutting pressure to be applied. A simi- 
lar stiffener, which would take up less 
space, could also be made by bending a 
piece of flat steel to fit on the back of 


the blade. 
Washington, D. C. G. A. LUERS. 


Armature Trouble 
Caused by Opening Field Circuit 
of Shunt Motor 


HE repair foreman at a coal mine 

was puzzled at the sudden marked 
increase of burned-out armatures com- 
ing to the shop. Investigation failed 
to locate the trouble for some time, 
although it was noticed that the motors 
were coming from the coal-cutting ma- 
chines. Finally it was ascertained that 
the operators had discovered that by 
opening the shunt field circuit tempo- 
rarily on the motor as soon as the knife 
was started into the bed of coal, they 
could speed up the operation to their 
own gain and the company’s expense. 
Naturally, the armatures did not stand 
this treatment indefinitely. 

The speed of the motor was controlled 
by a drum controller. Normally, when 
once the 10-ft. extension arm was 
started into the bed of coal, the con- 
troller was placed on nearly the last 
notch until the arm had swung nearly 
through its range. However, as the 
field leads came outside of the housing 
which enclosed the motor and were 
joined by a connector in which the ends 
of the wires were held by setscrews, 
the operators had got in the habit of 
throwing the controller over to full 
speed and then slipping one of the field 
leads cut of the connector until the 
cutter had almost completed its swing. 
Boulder, Colo. HAROLD E. BENSON. 


How to Determine 
Power Factor With the Aid of a 
Watt-Hour Meter 


HE subject of system power factor 

is daily becoming more interesting 
to the plant engineer. Many who would 
like to determine and check this value 
from time to time, are held back only 
by a lack of the proper instruments. 

It has been my experience that al- 
most all plants are equipped with at 
least one voltmeter and ammeter, but 
are not always so fortunate as to have 
in their possession some of the more 
expensive instruments, such as watt- 
meters, power factor meters, and the 
like. However, I have repeatedly used 
the method of power factor determina- 
tion outlined below, with very good re- 
sults. The only instruments required 
are a voltmeter, an ammeter (with cur- 
rent transformer if necessary), and the 
watt-hour meter installed at the serv- 
ice switch. 

There are in use today, several types 
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of watt-hour meters, but for our pur- 
poses they may be divided into two 
classes: Those in which the rotating 
element is visible and those in which 
the rotating element is enclosed so that 
it is not visible. This latter type is 
not so convenient to use in figuring 
wattages, but equally good results may 
be obtained from the use of either. 
The first of these methods may be used 
with any type of meter; the second 
can be used only when the meter has 
the rotating element visible. 

Connect the ammeter into one phase 
so that it will measure the entire cur- 
rent flowing through one pole of the 
service switch. Across this same phase 
connect the voltmeter. Now determine 
the number of kilowatt-hours repre- 
sented by one division of the dial lo- 
cated at the extreme right of the dial 
plate. If the meter is small, it will in 
all probability read directly in kilowatt- 
hours. The larger meters require that 
the dial reading be multiplied by a cer- 
tain constant in order to obtain the 
kilowatt-hour reading. This constant 
appears on the face of the dial plate. 

Having determined the kilowatt-hour 
equivalent of one scale division, observe 
the time in minutes required by the 
pointer to travel over this distance. 
While making this observation, take 
readings of the voltmeter and ammeter 
at regular intervals of one or two min- 
utes. 

We now have found a definite num- 
ber of kilowatt-hours, consumed during 
a definite interval of time expressed in 
minutes. Convert this result into kilo- 
watt-hours per hour, by means of the 
equation: 

(1) Kilowatt-hours per hour=(kilo- 
watt-hours measured g time interval in 
minutes) & 60 = kilowatts. 

The numerical result obtained from 
equation (1) is also the average num- 
ber of kilowatts that were being con- 
sumed at any instant during the test. 

The average current that was flow- 
ing during the test may be found by 
adding together all the readings of cur- 
rent taken and dividing the result by 
the number of readings. The average 
voltage may be found in like manner. 

The number of kilovolt-amperes con- 
sumed at any instant during the test 
is then: 

(2) Kva. (average currentX1.7X 
average voltage) =1,000. 

The power factor, expressed as a 
percentage, may now be found from: 

(3) Per cent power factor (kilo- 
watts~kilovolt-amperes) X100. In this 
equation the kilowatts are obtained 
from equation (1) and the kilovolt- 
amperes from equation (2). 

If the watt-hour meter in question 
is one having a visible rotating element, 
the method may be changed somewhat, 
and the time necessary to determine 
the power factor considerably short- 
ened. 

From the manufacturer’s data, or 
from the meter department of the local 
central station, obtain the watt-hour 
constant for the particular type of 
meter used. This watt-hour constant 
is simply the number of watt-hours of 
energy recorded on the meter when the 
disk makes one complete revolution. 

If the information is not easily ob- 
tainable, it may be determined experi- 
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mentally by observing as before, the 
time interval required by the meter to 
register a definite number of kilowatt- 
hours. During this interval take reg- 
ular readings of the speed of the disk. 
Determine the average number of revo- 
lutions per minute, and find the con- 
stant by the equation: 

(4) K=[observed number of kilo- 
watt-hours- (average r.p.m.Xtime in 
minutes) ] 1,000. 

The constant, having once been de- 
termined for a certain meter, may be 
recorded and used for all future cal- 
culations. 

The watts passing through the meter 
may be calculated from the standard 
meter formula: 

(5) Watts = (3,600XKXR)=S, 

In which: 

K=watt-hour constant. 

R=number of revolutions of the disk. 

=time in seconds required for R 
revolutions. 

The average current and voltage dur- 
ing the time S may be noted as before, 
and the kva. then calculated from equa- 
tion (2). 

Power factor is found by the fol- 
lowing equation: 

(6) Per cent power factor (watts 
＋1, 000) ~kilovolt-amperes] X100. 

As an aid in following these meth- 
ods, there is here included an actual 
example. 

A three-phase, 1,200-amp., 550-volt, 
service switch, has mounted on its panel 
a Thomson (General Electric) watt- 
hour meter, type D-3. The meter is 
rated at 800 amp. when connected 
through a current transformer of ratio 
800 to 5. <A voltmeter is connected 
across one phase and an ammeter with 
a scale reading from 0 to 5 is cut in 
on the same phase through a current 
transformer of ratio 1,200 to 5 (240-1). 
The watt-hour meter readings must be 
multiplied by 400 to obtain kilowatt- 
hours. 

By observation it was found that the 
pointer traversed one division of the 
right-hand dial in exactly 60 min. The 
average reading of the ammeter dur- 
ing that time was found to be 2.3 amp. 
and the average reading of the volt- 
meter, 601.7 volts. Then by equation 
(1), Kw-hr. per hr. (400 60) X60= 
400. 


Current in one phase=2.3X240—552 
amp. 

By equation (2) 

Kva. = (552 X 1.7 X 601.7) = 1,000 = 
564.7. 

By equation (3) 

Per cent power factor (400 564.7) 
X100 70.8. During the above test, the 
average r. p. m. of the disk was observed 
to be 14. Then by equation (4) 

K = 400 (1460) X 1, 000 476. 

And by equation (5) 

Watts = (3,600 X 476 X 14)= 60 = 
399,840. 

The value of kva. will be the same 
as that used in the previous method, 
since all readings were taken at the 
same time. Then by equation (6) 

Per cent power factor = (399,840 
1,000) 564.7] XK 100 70.8. 

These methods are, of course, based 
on the assumption that a balanced load 
exists in all three phases. This condi- 
tion practically exists in a plain three- 
phase motor load. 
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It will be seen that the result ob- 
tained by the first method is quite sim- 
ilar to that obtained by the other. 
Greater accuracy than a result correct 
to one decimal place can not be ex- 
pected. 

It is interesting to note that the true 
watt-hour constant for this meter is 
480; this value checks very closely with 
that obtained by experiment, the per- 
centage of error being less than one 


per cent. JAMES P. MARSHALL. 
Electrical Engineer, 

Cambridge Rubber Co., 

Cambridge, Masa. 


Handy Chart for Determining 
Lighting Requirements 


HE accompanying chart may be 

used for calculating illumination 
requirements when it is necessary to 
determine the utilization constant or 
co-efficient from the character of the 
room to be lighted. The factors which 
must be taken into consideration are: 
color of walls and ceiling, mounting 
height of lamps above working plane, 
type of refiector, and distance between 
lamps. The accumulation of dirt and 
ageing of the lamps make it necessary 
to assign values ranging from 75 to 85 
per cent for the depreciation factor. 
Tables covering lighting requirements 
may be found in the Standard Hand- 
book for Electrical Engineers, or may 
be obtained from manufacturers of 
lighting equipment who supply litera- 
ture concerning their reflectors and 
fixtures. Several states have codes 


Lumens 
E 
O 
O 
O 
Foot -Candies 
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which specify minimum requirements 
for intensity of illumination for dif- 
ferent locations; consult the Standard 
Handbook for these. 

To use the chart it is necessary to 
find the utilization constant and de- 
preciation factor, which should be 
multiplied together. The area of the 
room is determined and a straight-edge 
placed on the chart so that it will inter- 
sect the Area scale and the Deprecia- 
tion scale at the points corresponding 
to these values. Note the point where 
the straight-edge intersects the Pivot 
line (center scale). The straight-edge 
is then shifted so that it intersects the 
Pivot line at the point previously noted, 
and the Intensity in Foot-candles scale 
at the desired value. The intersection 
of the straight-edge with the Lumen 
scale, at the extreme left, shows the 
total lumens required. To find the 
lumens per outlet, divide the total 
lumens required by the number of out- 


This chart will simplify the calcula- 
tions involved in laying out a light- 
ing system. 

Assume that utilization constant 
times depreciation factor=0.5; area 
of room=800 sq. ft.: foot-candles 
desired=9. Place a straight-edge so 
that it will intersect the area scale 
and the depreciation scale at the 
above values. Note the point of 
intersection with the pivot line. 
Then place the straight-edge so that 
it intersects the pivot line at the 
point noted, and the foot-candle 
column at 9: read the value of lu- 
mens required, 14,400, at the point 
of intersection on the lumen scale. 


The size of lamp to be used can 
be determined from the table. 
10, 000 1.0 
000 0.9 
9.000 sis 
5,000 0.7 
4,000 0.6 
0 
3,00 A405 
2,000 a 
? Pg 0.4 
L 
I * 
. 
7 
1000 0.3 
43 
TL Bo 
a“ 500 0.2 
ge 400 
27 Pd 300 L 
A $ 
7 200 
& 
c 
8 
Sy 100 T 70.10 
w+ 80 B + 0.09 
70 
R 91 60 4 0.08 
£ 8 + 50 @ + 0.07 
~ S+ 40 Q 
8 9 . 06 
8 1 30 + 
N 8 T To. os 
a 8 S 
* x 7- 0.04 
8 8 
8 
L110 §+0.03 
< 8 * 
7 8 
6 N 
5 T 
4 S 0.02 
3 
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lets and note the value obtained for 
determining the size of lamps that 
should be used. The number of lumens 


Illumination Ratings of 
Mazda C Lamps 


SIZE oF LAMP 


75 
100 
150 
200 
300 
400 
500 
750 

1,000 


19,300 


to be obtained from various sizes of 
lamps will be found from the accom- 
panying table above, which was taken 
from the Standard Handbook. 
CHARLES F. CAMERON. 
Rock Springs, Wyo. 
— 


Heating Caused by 
Carrying Each Phase of 3-Phase 
Circuit in Separate Conduit 


URRENT for the various “sets” in 

a large moving picture studio was 
delivered from the three-phase trans- 
formers to the switchboard buses at 
110 volts. Four 500,000 circ. mil cables 
for each of the three phases served as 
the jumpers connecting the transform- 
ers and buses; each phase, comprising 
four cables, was carried in a separate 
conduit. 

When a large number of the sets 
were being used these conduits became 
very hot, thus threatening deterioration 
of the insulation. At no time did the 
cables themselves carry capacity load, 
as was shown by checking the load with 
an ammeter. 

Heating of the conduit was assumed 
to be due to the eddy currents induced 
in it by the single-phase currents car- 
ried by the four jumper cables. That 
this assumption of the cause was cor- 
rect is evidenced by the fact that later 
when extensions were made to the plant 
and the switchboard buses were re- 
vamped, the jumper cables were re- 
connected so that each conduit carried 
three-phase current instead of single- 
phase. 

As there were then four cables in 
each conduit to carry the necessary 
current and it was desired to use these, 
besides saving the labor of pulling out 
the four old ones and pulling in three 
new cables of the same or slightly 
greater current-carrying capacity, an 
extra single-phase cable was left in 
each of the three conduits. 

After reconnecting to the buses, 
there was still an unbalance of single- 
phase current in each conduit, but this 
unbalance was only one-fourth of what 
it was originally when there were four 
single-phase cables per conduit. Under 
the new conditions the conduit hardly 
heated enough to be noticeable, with 
the “sets” all pulling full load. 
Oakland, Calif. S. H. SAMUELS. 
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Improper 
Connections to Motor Cause of 
Unusual Performance 


SLIP-RING motor rated at 250 hp., 
three-phase, 60 cycles, 440 volts, 
490 r.p.m., which was installed in an 
aluminum rolling mill, gave indications 
of overload immediately after its instal- 
lation. A portable wattmeter connected 
into the supply circuit at the main 
switch indicated practically full load 
when sheets were passing through the 
rolls. The wattmeter also indicated 
two-thirds load with no material pass- 
ing through the rolls. Another peculiar 
fact was that with the frequency nor- 
mal, the motor ran at only 1 per cent 
slip instead of the rated 4 per cent slip. 
The electrician who connected the 
motor was not on hand at the time 
these peculiar symptoms were noted 
and as the wiring was concealed in a 
large metal conduit imbedded in the 
floor, a superficial inspection failed to 
indicate the nature of the trouble. 

The solution was finally found by 
means of our old friend, the voltmeter. 
The nameplate of the motor gave the 
rated voltage between the collector 
rings as 380 volts. The voltmeter, when 
connected across two rings, showed 440 
volts. This reading checked with the 
voltage given at the control panel. Ap- 
parently the electrician had connected 
the rotor to the supply lines, and the 
stator to the resistance. 

This assumption was found to be true 
when the wiring from the control panel 
was uncovered and the connections 
traced. With the proper reconnection 
of the motor wiring, the motor carried 
its load without heating, the speed re- 
turned to normal and the wattmeter in- 
dicated the true load on the motor. 

DEAN W. TAYLOR. 
Industrial Power Engineer, 


Metropolitan Edison Co., 
Reading, Pa. 


Specially-Connected 
Series Motor Substituted for 
Shunt Motor 


ESOURCEFULNESS is a quality 
that is essential to every plant 
maintenance man. One of the best 
ways of developing this much-desired 
quality is to learn the method by which 
others have coped with similar difficul- 
ties. The following is a good example 
of the resourcefulness of one plant elec- 
trician. 

A skelp mill in the Chicago steel dis- 
trict has 11 roll stands. The first seven 
stands or sets of rolls are driven by a 
Kraemer adjustable-speed set; the 
eighth stand, which consists of two edg- 
ing or vertical rolls, is driven by a 
160-hp., 250 /500-r. p. m., shunt- wound 
motor; and the last three stands are 
driven from a second Kraemer adjust- 
able-speed set. Skelp or strip steel is 
in all 11 stands at once; hence the nec- 
essity of accurate speed adjustment of 
the different sets of rolls can be seen. 

While a 160-hp. motor was used on 
the eighth or edging stand drive, it was 
considerably over-motored, only about 
80 hp. being required. The speed of the 
drive was determined by the weight of 
skelp being rolled, but generally the 
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motor speed was about 500 r. p. m. 

One Saturday afternoon the V-rings 
of the commutator loosened to the point 
where the commutator exploded; that 
is, the segments went all over the mill. 
This accident shut down the entire skelp 
mill and at once entailed a considerable 
production loss. 

Investigation showed that what could 
be found of the commutator was dam- 
aged beyond repair; also that parts of 
the commutator had hit the field coils, 
tearing off portions of the winding. The 
bands on the armature had been loos- 
ened by the accident and the armature 
winding came out of the slots suffi- 
ciently to be jammed in the air gap. 
The mechanical shock resulting from 
the accident also broke one of the bear- 
ing pedestals; so the motor was more 
or less of a total wreck. To make mat- 
ters worse, although there was a spare 
armature, it could not be used without 
a good motor frame and the frame on 
the wrecked motor was damaged more 
than could be repaired in the 40 hours 
remaining before Monday morning. At 
this point the resourcefulness of the 
plant electrician came into play. 

He conceived the idea of using a 
series-wound motor in place of a shunt- 
wound, adjustable-speed motor. There 
were plenty of series-wound, totally- 
enclosed, mill-type motors available; so 
the plant electrician decided to install 
one in place of the wrecked motor. He 
thought that by connecting the series 
field of the mill-type motor across the 
line through resistance, he would be 
able to get the desired speed. 

The requirements of the drive were, 
as previously stated, approximately 
80 hp., at 500 r.p.m. An 80 frame, Type 
MC Westinghouse mill-type motor has 
a mill (1-hr.) rating of 80 hp. When 
used as a series motor it delivers a 
speed of 500 r.p.m. at this load. This 
data can be taken from the perform- 
ance curves of the motor. Since the 
motor was rated at 230 volts, the line 
current at this load will be 280 amp. 
Therefore, to run the motor at 500 
r.p.m., with an 80-hp. load, requires a 
current of 280 amp. in the series field. 

In determining the amount of resist- 
ance to connect in series with the field 
so as to place the field directly across 
the line, the resistance of the field was 
neglected. Resistance equals voltage 
divided by current; hence, 230 — 280 = 
0.8220. Therefore, the amount of re- 
sistance required for connection in 
series with the field would be 0.8220 
ohms and the resistance should have a 
carrying capacity of 280 amp. 

The series field was connected in 
series with a sufficient number of re- 
sistance frames, having heavy-duty, 
cast-iron grids to give this resistance. 
An ammeter was connected in series 
with the resistance and the combina- 
tion was connected across the line 
through a switch and fuses. The 
amount of resistance was adjusted un- 
til a current of approximately 280 amp. 
was obtained. 

Power was then applied to the arma- 
ture of the mill-type motor and the 
combination ran successfully as a 
shunt-wound machine. After running a 
few pieces of skelp through the rolls it 
was found that the speed should be 
slightly different than at first supposed; 
so the amount of resistance in series 
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with the series field was changed until 
the desired speed was obtained. 

This combination was ready to start 
with the Monday morning shift. It was 
closely watched, however. The first 
trouble encountered was that the series 
fields began to overheat. They were de- 
signed for an intermittent rating and 
were being used continuously. So an 
air hose was put in one of the hand 
holes to aid in circulating cooling air. 

Although the motor overheated con- 
siderably, it ran successfully throughout 
the week. At the end of the week, it 
was decided to put in the next larger 
frame of motor in order to obtain a per- 
formance that could be depended upon 
until a new motor was obtained. 

A 230-volt series-wound, 90 frame, 
Type MC, totally-enclosed, Westing- 
house motor delivers 100 hp. at 500 
r.p.m. on the mill or 1-hr. rating. At 
230 volts a current of 350 amp. is re- 
quired for this load. With the series 
field shunted across the line, a resist- 
ance of 230 =~ 850 = 0.656 ohms is re- 
quired to limit the field current to the 
350-amp. value. 

The 90 MC motor was installed with 
a resistance of 0.656 ohms, and having 
a continuous carrying capacity of 350 
amp. The larger motor required an air 
hose to help keep the fields cool; how- 
ever, this motor ran satisfactorily for 
two and one-half months, until the reg- 
ular shunt motor was installed. 
Indiana Harbor, Ind. A. J. W. 
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Mounting Transformers on 
Skid Facilitates Testing Out 
New Machines 


HE problem of providing current 

of the various voltages and cycles 
necessary in testing out new equipment, 
which is fitted with a special motor to 
suit the customer, is well handled by 
one special machine manufacturer. 
The voltages of these motors are 
usually 110, 220 or 440. Power is pur- 
chased at 220 volts, 60 cycle. Power 
outlets are located at convenient points 
throughout the plant. Also, a motor- 
generator set will provide direct cur- 
rent which is put through a special test 
board to give various voltages desired. 
To get 110- or 440-volt, 60-cycle, al- 
ternating current, use is made of two, 
pole-type, distribution transformers, 
which are placed on a skid or plat- 
form handled by an elevating-platform, 
hand-lift truck, so that they can easily 
be taken to any part of the plant. One 
transformer is connected up to step the 
220-volt supply down to 110 volts. The 
other transformer is connected to de- 
liver 440 volts, on the secondary side. 
If a motor is rated at any one of 
these voltages, it is tested at full load. 
In case the motor is of an odd voltage 
or odd number of cycles, as for example 
550 volts, 25 cycle, it is tested at 440 
volts, 60 cycle, but the machine is oper- 
ated without load. If the motor will 
satisfactorily operate the machine 
empty, the manufacturer is willing to 
accept the responsibility of the design 
being correct, so that it will operate 
properly under full load. The main 
point is to be sure that the machine 
will operate smoothly and will not bind 
or stick at various points in its travel. 
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Mechanical maintenance of 
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Power Drives 


This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
the auxiliary transmitting equipment to all driven machines. 


ing element through 


Repairing Worn Flange on 
Pinion of Chain Drive 


N a plant built in 1902 the two a.c. 

generators are supplied from two 
220-volt, 200-amp. exciters with Link- 
Belt silent chain drives, 6 in. wide and 
1 in. pitch. Twice in their life of use- 
fulness, the bearings of these exciters 
have been rebabbitted. The last time 
the bearings were out, the armature 
shafts were taken out and the com- 
mutators lathe-turned and undercut. 
However, the principal reason for shop- 
ping the equipment was to repair the 
sprockets. The chains used depend 
upon flanges at the ends of the sprock- 
ets to keep them from running off. 
These flanges were so badly worn and 
low that the chains would occasionally 
jump up on them with the fluctuations 
of the load. There was not enough 
. slack in the chain to take out a pair 
of links and the adjustment take-up 
had gone the limit of the rails. 

The method of repair is shown by the 
accompanying drawing. New flanges, 
which were made higher than the old 
ones—actually double the height above 
the teeth—were put on. These flanges 
were cut from sheet steel, bored to 
fit a turned shoulder at each end of 
the sprocket, and were peened fast; 
a slight countersink in the flange, and 
a high shoulder enabled this to be done 
in a very secure manner. The outside 
diameter of the flanges was turned in 
place and the corners were well 
rounded over. One machine was re- 
paired first and, as it proved to be 
very satisfactory, a duplicate job was 
done on the second. 

This is a good example of the long 
service that it is possible to obtain from 
a chain drive. The service to which 
these chains are subjected imposes 
an intermittent load on them, yet no 
one connected with the plant recalls 
any chain breakage. One of the chains 
is still in good running condition, the 
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The old flanges, which had worn 
too low to retain the silent chains 
on the sprockets, were replaced by 
these disks. 


other is to be renewed, and both 
sprockets are as serviceable as new, 
although the tips of the teeth are 
rounded instead of clean cut as they 


were at first. DONALD A. HAMPSON. 
Plant Superintendent, 

Morgan Wilcox Mfg. Co., 
Middletown, N. Y. 
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Where and Why Lineshafts 
Break in Service 


RANSMISSION shafting carrying 

driving or driven pulleys or rope 
sheaves as a general rule break just 
inside the hub of the pulley. The reason 
for this is not hard to understand. A 
shaft that carries pulleys and trans- 
mits power is subjected to two main 
forces tending to disrupt it. The prin- 
cipal one of these forces is that of 
twisting, caused by the turning of the 
shaft. The result of this force is 
called the twisting moment; and if we 
assume a length of shaft between any 
two hangers and with no pulleys 
thereon, this twisting moment will be 
the only force to which the shaft is 
subjected, neglecting the weight of the 
shaft. The load on the shaft will be 
that due to the amount of horsepower 
that is being transmitted. 

If now we consider a length of the 
shaft between two hangers, but which 
has a pulley located on it at some place, 
we have a different condition. For- 
getting for the moment that the shaft 
revolves, we can consider the shaft as 
a beam loaded at some point with a 
concentrated load, the pulley in this 
case being the load. This condition 
tends to deflect the shaft just as in the 
case of a beam, or in other words to 
create a bending moment. If the pul- 
ley or sheave is midway between the 
bearings this bending moment will be 
a maximum. As the location of the 
pulley moves nearer either hanger the 
bending moment decreases. 

A shaft in motion carrying pulleys 
is, therefore, subjected to a combined 
twisting and bending moment which is 
greatest in the hub of the pulley, and 
it is for this reason that shafts break 
at this place. If the belt is put on so 
tightly that the shaft is deflected, as 
is often the case, there will be an addi- 
tional bending moment caused by this 
condition. 

The fact that shafts tend to break 
in the pulley hubs, rather than else- 
where, is an advantage in one way 
since they usually give warning before 
they disrupt completely, and thus 
avoid wrecking the transmission equip- 
ment or the machinery that is beneath. 
The breaks are not as a rule sudden 
and complete, but start at the outer 


‘grating sound heard at times. 


surface and progress gradually across 
the shaft. In the meantime there will 
be indications of trouble. The belt may 
tend to run to one side of the pulley; 
the adjacent bearing may heat; the 
shaft just outside the hub and some- 
times the hub itself may heat; the 
pulley may wobble; or there may 0 a 

ny 
one of these indications should be in- 
vestigated as soon as possible after 
being noticed, as it may mean a broken 
shaft. 

The remedy for such trouble is to 
use shafting of ample size for the load 
and locate the pulleys as closely to the 
hangers as possible; or better still, 
place a hanger on each side of the 
pulley. JOHN A. COLLINS, JR. 
Lawrence, Mass. 
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Using Grooved Caps to 
Prevent Oil Seepage From 
Roller Bearings 


HE customary method of retaining 
oil in a roller bearing is by using 
end caps recessed for a felt ring. For 
example, a bearing on a 2-in. shaft 
will have the caps recessed so that stock 
felt washers of +s in. or % in. square 
cross-section can be crowded into the 
space and press upon the shaft. How- 
ever, unless the washers are changed 
occasionally they become glazed from 
the rubbing of the shaft. 
There is another method that has 
much to commend it, but is not so com- 


Oil which seeps out from the bear- 
ing along the shaft is thrown off 
into these three grooves. 
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monly used, which does not require felt 
or other self-adjusting mediums for 
making the closure. How this is ac- 
complished is shown in the accompany- 
ing illustration. The bearing cap is 
bored to a diameter 0.01 in. larger than 
the shaft. This leaves a gap ample 
for all necessary clearance, but not so 
great as to cause undue seepage of oil. 
If the cap for the 2-in. shaft bearing is 
made long enough to permit cutting 
three grooves % in. wide and & in. deep, 
as shown, there will be very little loss of 
oil, as the oil is thrown off as it creeps 
outward along the shaft, and is caught in 
the grooves. The oil will be returned 
to the bearing if a drain hole has been 
made on the inside. This method of 
retaining the oil does not lose any of 
its effectiveness with age, and may be 
used on any other bearing having an 
end cap. 


Factors in 
Selection of Speed Reducers of 
Proper Capacity 


NE of the interesting develop- 

ments in power transmission dur- 
ing the last few years has been the 
rapid growth in the use of unit speed 
reducers and their applications to 
varied forms of machinery and indus- 
trial equipment. Much has been written 
on this subject in regard to design, 
features, principles of operation, and 
construction of the different types and 
the advantages of unit speed reducers 
as compared with other forms of speed 
reduction equipment such as belts and 
pulleys, chains and rope drives, open 
gearing, and so on. 

To the engineer or plant executive, 
it is of even greater importance to 
have fundamental information cover- 
ing the application of these machines 
to various forms of equipment, with 
the basic formulas and a knowledge of 
their application to practical problems 
which will enable him to estimate re- 
quirements on specific jobs and aid in 
selecting units of proper type, capacity, 
and reduction ratios. 

The information on spur-gear, speed- 
reducer calculations presented is ap- 
plicable to any of the standard types 
of spur gear reducers now on the mar- 
ket, including the plain, spur, plane- 
tary and non-planetary types, and also 
the herringbone type. Worm-gear re- 
ducer problems require a little different 
handling. It is hoped that the informa- 
tion will prove interesting and helpful 
to those who are concerned with trans- 
mission and speed-reduction problems. 

The principal point to be remembered 
in dealing with speed-reduction prob- 
lems is that theoretically the same 
horsepower is delivered by the reducing 
unit as is delivered to it by the prime 
mover. The speed, however, decreases 
through the reducer, depending upon 
the reduction ratio used, and the torque 
or twisting moment correspondingly 
increases. It is necessary to have a 
clear understanding of this subject in 
order to make a proper selection of 
speed reducers to meet a given set of 
conditions. The various elements which 
are factors in all speed-reduction prob- 
lems are as follows: 

P=Load in pounds. 
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R=Radius in inches of drum or 
pulley. 

21 R= Circumference of drum or pul- 
ley (inches). 

Revolutions per minute (r.p.m.). 

T=Torque or twisting moment in 
inch-pounds. 

W=—Work done. 

Hp.=Horsepower. (33,000 ft.-lb. per 
min.) 

Torque or twisting moment is that 
force which tends to produce rotation 


Horsepower = 


PX27RX rp.m. 
33,000 x I2 


This diagram is the basis 
for determining horse- 
power requirements of 
speed-reducers. 


in a shaft or pulleys and is equal w 
the product of the force exerted times 
the length of the lever arm. T is 
expressed in a formula (see accom- 
panying illustration): T=PXR. 

Work done is equal to the product 
of the force acting on an object times 
the distance through which it moves. 
Thus, where D distance traveled, 
then, W=FD. 

The distance through which the force 
acts in one revolution is equal to the 
circumference of the circle, which is 
2xR. Therefore, work done in one 
revolution is: WS PN RR in. -Ib. 

If the drum or pulley makes more 
than one revolution the total work done 
will be: W=PX2xRXN in.-lb. 

Since 1 hp. is equivalent to 33, 000 
ft.-lb. per min., the horsepower re- 
quired to revolve the pulley N times 
per minute against the weight P will 
be: Hp.=(PX2ak XN) (33, 000 & 12). 

Other useful formulas are derived 
from these equations as follows: 

Hp. (TXVN) ＋ 63, O25. 

T= (68,025 Xhp.) N. 

T=PXR; P=T-R; R=T~P. 

By using one or more of the above 
formulas it is possible to solve prac- 
tically any speed reduction problem 


which may be presented; some of the 
methods used are indicated in the 
simple problems which follow. Let it 


be borne in mind, however, that in 
actual practice, the efficiency of both 
the reducer and the driven machine 
must be considered, when selecting 
reducers of the proper size. 

(1) If we have a drum with a ra- 
dius of 12 in. and a load of 2,000 Ib. 
find the torque necessary to move it. 

T=PXR = 12X2,000 = 24,000 in.-lb. 

(2) If the drum is to be driven at 
1 r.p.m. how much work will be done 
during one revolution? 

W = 2rXTXN = 6.28 K 24, 000 & 1 = 
150, 720 in. -Ib. 

(3) How many horsepower will be re- 
quired to drive this drum at 20 r. p. m.? 
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Hp. (2 NPN) = (33, 000 X12) = 
(6.28 412 2, 000 &20) — (33, 000 & 12) 
27.61 hp. 

(4) If we know that the torque on 
the drum shaft is 24,000 in.-Ib. what 
hp. would be required to drive it at 
20 r.p.m.? 

Hp. = (TXN) =- 63, 025 = (24, 000 
20) --63,025—7.61 hp. 

(5) If 7.61 hp. is required to drive 
this drum at 20 r.p.m. what is the 
torque in inch-pounds on the center of 
the drum shaft? 

T=—63,025 Khp. =N= (68,025 7.61) = 
20=24,000 in.-lb. torque. 

(6) If the torque or twisting mo- 
ment at standing load is 24,000 in.-lb. 
and radius of drum is 12 in., what is 
the load on the drum in pounds? 

P=(T-R) = (24, 000 12) =2,000 lb. 

(7) If the torque on this drum shaft 
is 24,000 in.-lb. and the load on the 
drum is 2, 000 Ib. what is the radius of 
the drum? 

R= T= P24, 000 2, 000-12 in. ra- 
dius or 24 in. diameter. 

We cannot over-estimate the impor- 
tance of carefully calculating actual 
torques on the driven unit, as a basis 
of determining horsepower required to 
move the load. This is particularly 
true in cases where high reduction 
ratios are used and the final speed is 
only a fraction of a revolution per 
minute. 

The capacity of the driving unit 
must always be great enough to com- 
pensate for frictional and other losses 
in the reducing unit and driven unit, 
and also to start the load on the driven 
unit, even though the power required 
while running is much less. 

Assuming the conditions for a prac- 
tical problem, the foregoing formulas 
may be used as follows to carry the cal- 
culation through to the selection of the 
proper size and type of spur-gear speed 
reducer for a particular installation. 
The problem concerns the selection of 
a motor and reducer for a conveyor 
with a mechanical efficiency of 80 per 
cent. The headshaft of this conveyor 
is to be driven by a spur-gear speed 
reducer at 25 r.p.m. The total load to 
be moved is 4,000 Ib. The pitch radius 
of the sprocket driving the conveyor 
belt is 18 in.; and 800-r.p.m. motor is 
to be used. The formula for this is: 

Hp. = (2aRXPXN) => (83,000X12) 
=6.28 X18X4,000X25) + (83, 000 X12) 
=28.54 hp. 

As the efficiency of the conveyor is 
80 per cent, the actual horsepower re- 
quired will be: 28.54+-0.80=35.67 hp. 

The efficiency of the reducer is 95 
per cent, and so the size of the motor 
required will be: 35.67 hp.+0.95= 
37.55 hp. The reduction ratio is 800 
to 25 or 36 to 1. 

All that is now necessary is to select 
from the manufacturer’s catalog a 
speed reducer of a rating and ratio 
conforming to the above results. In 
case of doubt, or when an especially 
difficult problem in connection with an 
installation operating under severe 
service conditions is under considera- 
tion, it is advisable to consult the Engi- 
neering Department of the speed 
reducer manufacturer. 

Chief Engineer, HARRY C. PETERSON. 


Foote Bros. Gear & Machine Co., 
Chicago. Illinois. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 


methods of handling work of this character. 


Rewinding Two-Phase Motors 
for Three-Phase Operation 


REQUENTLY occasions arise when 

it is desirable to change a two- 
phase squirrel-cage motor for three- 
phase operation. In this case the first 
thing to do is check the three-phase 
line voltage with the two-phase wind- 
ing connected series-star or series- 
delta. With this information it is a 
simple matter to determine a suitable 
three-phase connection with the re- 
quired number of turns per coil and 
correct size of wire. 

For a specific case we will consider 
a two-phase, 5-hp., 60-cycle, 220-volt, 
1,200-r.p.m. squirrel-cage induction mo- 
tor which it was desired to change to 
three phase, with the same horsepower 
rating, frequency, voltage and speed. 
The two-phase winding data were, 48 
slots and 48 coils wound 23 turns of 
No. 15 s.c.e. wire, 12 groups of four 
coils per group, coil pitch I- and-8, six 
poles, connected two-circuit. 

The three-phase, series-star line volt- 
age equals CV. XI. 212 and the three- 
phase, series-delta line voltage equals 
CXV:X0.707, where C equals number 
of circuits in the two-phase winding 
and V; equals the two-phase line volt- 
age. Therefore, the series-star line 
voltage equals 2X220X1.212=537 volts 
and the series-delta line voltage equals 
24 220 K 0.707 = 313 volts. 

From the above results it is obvious 
that reconnection is not possible; there- 
fore, the next step is to figure a new 
winding. First, try the series-star 
winding for a line voltage of 440, as 
this winding can be connected two- 
parallel star for 220 volts, and figure 
the turns for 440 volts, instead of 220 
volts. This will keep the turns per 
coil high and the size of wire small, 
which is better for winding, as mush- 
type coils wound with small wire are 
easy to shape while winding on the 
stator. 

When computing the new turns per 
coil use the formula, (T. XV.) = V., 
where T. equals the old number of 
turns in the two-phase coil, V. the re- 
quired three-phase line voltage and V, 
the line voltage derived from the volt- 
age formulas given above. In this case 
the number of new three-phase turns 
for series-star and 440 volts equals 
(23 440) +537=19 turns plus and the 
number of turns for 440 volts, three- 
phase, series-delta equals (23440) = 
313=32.4 or 33 turns plus per coil. 

Judging from the number of turns 
computed, the star-connected winding 
will give the best results, as the turns 
per coil are lower and the size of wire 


larger, but still small enough for a 
mush-coil that will shape readily. The 
reason for selecting this winding is that 
it provides a better space factor, that 
is, more copper and less insulation, 
than 83 turns of smaller wire would 
require. 

The new size of wire in circ. mils is 
equal to (T. XA.) T., where T, equals 
the old number of two-phase turns per 
coil, A; the area in circ. mils of the old 
two-phase conductor, and 7; the new, 
three-phase turns per coil. In this case 
the new size of wire equals (23 
3,257) 193, 942 circ. mils. The near- 
est size to this is No. 14 with 4,107 circ. 
mils. Checking for slot room, 23X 
3,257=74,911 circ. mils, and 194,107 
=78,083 circ. mils. Then, 78,033— 
74,911=3,122 circ. mils, which is less 
than one No. 15 wire per coil or two 
No. 15 wires per slot. Thus 19 turns 
of one No. 14 s.c.e. wire will be the 
more satisfactory to use. 


This shows the new three-phase, 


220-volt, six-pole, winding, con- 
nected two-parallel star. 


This motor was originally wound 
for two-phase operation. In the new 
winding there are 18 coil groups, 
numbered from 1 to 18; the number 
of coils in each group is indicated 
by the figures in the circles. The 
coil leads are also designated by 
figures to show the order of con- 
nection. 


The three-phase, 220-volt, six-pole, 
1,200-r.p.m., 5-hp., winding data are, 48 
coils, each wound with 19 turns of one 
No. 14 s.c.e. wire, pitch 1-and-8, con- 
nected two-parallel star, 18 groups, or 
12 groups of three and six groups of 
two coils per group, connected as shown 
in the accompanying diagram. 
Wilkinsburg, Pa. A. C. 


Contribution are always welcome. 


Correcting Usual Troubles With 


Insulating Varnishes 


OST of the difficulties encoun- 

tered with insulating varnishes 
are due to failure to understand trou- 
bles which come as the result of not 
knowing what will happen under vari- 
ous conditions in the use of such var- 
nishes. Some of the more common trou- 
bles are discussed in a bulletin on in- 
sulating varnishes and compounds re- 
cently issued by the Sherwin-Williams 
Co., Cleveland, Ohio. The more im- 
portant sections are as follows: 

Curdling or separation of different 
components of the varnish may be due 
to a number of causes among which 
are adding thinner while the var- 
nish or thinner is too cold, adding the 
thinner too rapidly and not stir- 
ring it in thoroughly, allowing the 
cover of the dipping tanks to remain 
open, thus causing the varnish to par- 
tially oxidize, or using a thinner which 
is deficient in solvent properties. It is 
most important that a good quality 
benzine be used as many of the ben- 
zines now on the market are mixtures 
of light and heavy. oils and are not 
good solvents. 

Black spirit varnishes, when shipped 
in tin cans, sometimes thicken up after 
the can has been opened. This is due 
to a chemical reaction which takes 
place between the dye in the varnish 
and the iron of the can, as most com- 
mercial tinplate is imperfectly coated 
with tin. 

When varnish is applied by dipping, 
metal tanks should not be used. 
Wooden tanks or tubes are best. 

Low dielectic strength is generally 
due to the varnish not being thoroughly 
hardened. The remedy for this is ob- 
vious. ` 

Corrosion of the copper wires is due 
in every case to the varnish not being 
thoroughly oxidized. Oil-type var- 
nishes contain vegetable drying oils 
and these oils are compounds of glyce- 
rin and various fatty acids. In the 
combined state these oils are neutral, 
and after they have been combined with 
oxygen in the process of drying, they 
are changed into entirely different sub- 
stances which have no acid character 
whatever. However, if a long-oil var- 
nish is applied to a coil and then not 
completely oxidized, the unoxidized oil 
will, after a time, under the action of 
the heat which is present in all electri- 
cal apparatus, decompose into glycerin 
and free fatty acids and it is these 
free fatty acids which cause corrosion. 

The remedy lies in the method of 
using the varnish. Reduce the thick- 
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ness of coating or increase the baking 
time until the varnish is thoroughly 
dried. Make sure that the coils are not 
draining in such manner that the var- 
nish collects in pockets. If these meas- 
ures fail to correct the trouble, the only 
alternative is to use a shorter oil, 

icker baking varnish which can be 

oroughly dried in the length of time 
permissible. 

Softening of enameled wire is due 
entirely to the manner in which the 
varnish is used. Benzine is the mild- 
est solvent available for making var- 
nishes. Turpentine and coal-tar dis- 
tillates are much stronger solvents and 
if used in an insulating varnish will 
attack the enamel on enameled wire. 
Under certain conditions, a benzine- 
solvent varnish may affect the enamel. 
If the coils after dipping are placed 
immediately in the oven and the bak- 
ing started at a high temperature, the 
benzine will be boiled. 

As is generally known, the solvent 
properties of any solvent are greatly 
increased by heating. Also, the heat 
tends to soften the enamel and make it 
more readily affected by the benzine 
and while at the lower temperature 
benzine has no effect, at the higher 
temperature the combined softening 
and solvent effect may injure the 
enamel. There is also a possibility that 
the high heat may rapidly oxidize the 
varnish on the surface and form a 
film which will prevent the escape of all 
the solvent underneath. The enamel 
would then be subjected to the action 
of this solvent throughout the entire 
baking period. 

The remedy for this trouble is to 
allow plenty of time for draining and 
to start the baking at a low tempera- 
ture and continue at this temperature 
until all the benzine has evaporated. 
The temperature can then be adjusted 
to the regular baking temperature. A 
baking temperature of not over 85 
deg. C. is recommended for the first 
two hours of baking. 


Method of 
Banding Armature When Power 
Is Not Available 


N AN aarticle on page 453 of the Sep- 

tember, 1925, issue of INDUSTRIAL 
ENGINEER, Maurice M. Clement de- 
scribed how an armature was banded 
which was too large for handling in a 
lathe. This brings to mind a method 
that can be used where neither a lathe 
nor any other machine suitable for this 
type of work is available. 

As shown in the illustration, the 
armature to be banded is placed 
between two ordinary saw-horses or 
other suitable supports. One end of 
the banding wire is fastened on a part 
of the core between any two band 
spaces. Then sufficient wire for band- 
ing is wound loosely on the armature, 
allowing a few extra turns. The end 
of the wire is brought through a single 
block pulley suspended underneath the 
armature, as shown, and back around 
the armature, starting the first band 
in the usual manner. 

A spring attached to the floor, as 
shown in the illustration, a weight 
hung directly on the block, or a com- 
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bination of lever and weight may be 
used to give the desired tension on the 
wire. 

By this method of banding, the 
power required to turn the armature 


With the armature mounted on 
suitable supports, enough wire for 
banding is wound on loosely. After 
starting the band, tension is put on 
the wire by means of a spring or 
weight. 


is only that needed to overcome fric- 


tion. The weight or spring always 
keeps the wire under tension and the 
armature can be stopped and left in 
any position without blocking it to 
keep it from turning. Further, no 
adjustment of the wire tension is 
required, as it will always be constant. 
Philadelphia, Pa. HOWARD DAVIES. 
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Easily Constructed Support for 
Small Stators 


T IS oftentimes difficult to hold 

small stators while an old winding 
is being replaced or repaired. Conse- 
quently, the stator support illustrated 
in the diagram will be found very 
useful. 

To make this, a 2-in. by 4-in. block 
of wood is cut V-shaped and fastened 
by wood screws to a suitable flat sur- 
face or bench. For additional support 
two strips of wood are fastened down 
alongside the front of the block on the 
4-in. side. An old piece of chain, 
preferably bicycle chain because of its 
flexibility, is used to hold the stator 
which rests in the V-shaped groove. 

One end of this cham is fastened to 
a wood screw located on the narrow 
side of the 2-in. x 4-in. wood block. By 
hooking the chain over this wood screw, 
the ‘head of which is filed off on oppo- 
site sides in order to slip through the 


mAn Bicycle chain 

R adjustable for 
> different size 
A stators 


Wing nut for : 2 
tightening, e 


This support for small stators can 
be readily adjusted to fit different 
sizes of stator frames. 
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links, quick adjustability can be ob- 
tained for any length of chain re- 
quired. An L-shaped iron strip is 
securely fastened by means of a small 
bolt to the other end of the chain. 
A wing-nut and bolt which passes 
through the lower end of the L-shaped 
piece serves to tighten the chain, so 
as to hold the stator firmly while work- 
ing on it. 

Different sizes of stators may be 
handled by first adjusting the chain 
to approximately the desired length, 
by slipping it over the wood screw at 
the proper point, and then tightening 
the wing nut. 


Kincaid Electric Shop, J. P. KINCAD. 
Durant, Okla. 


How to Check Voltages Higher 
Than Capacity of Voltmeter 


6 arise in testing or re- 
pair work where it is necessary 
to measure voltages that are higher 
than the capacity of any available volt- 
meter. A simple method of overcoming 
this difficulty is to place lamps of known 
voltage in series across the line to be 
tested. 

In a series circuit the voltage drop 
across each lamp is the same, providing 
the lamps are of equal resistance and 
size. A check by placing the voltmeter 
terminals across each lamp will readily 


550 Volts 


„lo Volt lamps “A, 


Voltages higher than the capacity 
of the voltmeter may be measured 
by placing a sufficient number of 
lamps in series across the line and 
taking the voltage drop across the 
terminals of one lamp. 

The voltage of the circuit will then 
be equal to the voltage drop across 


one lamp times the number of lamps 
in series. 


prove this. The readings should be the 
same and, of course, the number of 
lamps in series times the voltmeter 
reading will equal the voltage across 


. the line. 


The voltage and number of lamps to 
be used will depend on the voltage of 
the supply. In the diagram, A shows 
how the voltage of a 250-volt circuit 
may be checked by putting two 125- 
volt lamps in series across it and 
reading the voltage drop across the ter- 
minals of one of the lamps. A 550- 
volt circuit may be checked in the same 
way by using five 110-volt lamps in 
series, as shown in B. 

This method will be found very satis- 
factory where great aceuracy is not re- 
quired, and will make it unnecessary to 
buy additional voltmeters which would 
be used only for occasional testing. If 
several lamps are connected in series, 
tested to make sure that they are well 
matched and retained for testing pur- 
poses, the trouble of connecting them 
up each time will be eliminated. 
Philadelphia, Pa. HOWARD DAVIES. 
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Convenient Testing Equipment 
for Fuses and Lamps 


| MANY small industrial plants the 
only available equipment in the main- 
tenance shop for testing fuses and 
lamps to see if they are burned out, or 
for detecting shorts or grounds on 
equipment, is a convenient cutout and 
the electrician’s old stand-by, the 
weatherproof socket spliced to a piece 
of lamp cord. Even in plants that have 
excellent facilities for testing large 
motors, testing in the shop of fuses or 
lamps from stock is done with the 
above-mentioned makeshift connections. 

Both time and money are wasted 
when valuable equipment and operators 
stand idle, because general maintenance 
men, lamp cleaners or operators have 
replaced blown fuses or burned-out 
lamps with bad fuses or lamps from 
the department stock. Then the elec- 
trician is sent for to repair supposedly 
defective equipment, while men and 
machines stand idle. Such delays can 
be prevented if testing facilities are 
available for those whose duty it is, to 
replace blown fuses or broken lamps. 

For this reason in one plant I made 
up some inexpensive testing outfits of 
conduit fittings, like the one illustrated 
in the drawing. It was so convenient 
to use that it prevented untested lamps 
or fuses from being used for replace- 
ment. The lamp and plug fuse testing 
socket was made by removing the shell 
of a receptacle and hammering the 
threads flat, using a piece of - in. pipe 
for an anvil. The lamp or fuse could 
then be pushed into the socket without 
being screwed in. This eliminated labor 
on the part of the person using it and 
encouraged its use. By substituting a 
brass disk about % in. in diameter for 
the spring contact in the base of the 
receptacle, and raising this disk by 
placing fibre washers under it so as to 
make the socket shallow, single-contact 
bayonet-base lamps used in automo- 
biles and candlelabra-base lamps used 
as indicating lamps could also be 
tested. 

The test plate for cartridge and knife 
fuses is made by securing two copper 
or brass plates to a piece of %-in. fibre 
about 6 in. long and separating the 
two plates about % in. Care must be 
taken to countersink the heads of the 
cover screws so that they will not come 
in contact with the plates and cause 
a short-circuit across the device. Fuses 
ranging in size from instrument type 
to those of 200-amp. rating can be 
tested by placing them across the plate. 
Larger, or high-voltage, fuses can be 
tested by placing a screwdriver or any 
handy piece of metal on one of the 
plates and touching it to the fuse end. 
Double-contact, bayonet-base lamps can 
also be tested on the plate. By placing 
binding posts on the ends of the test 
plates, leads may be taken off for test- 
ing for shorts or grounds when repair- 
ing small apparatus at the bench. Or- 
dinary test leads that are permanently 
fastened at one end have a very short 
life, as every electrician knows, and 
usually when one is in a hurry to use 
them they are broken. By the use of 
these binding posts any scrap wire 
around the shop can be quickly at- 
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tached to make an improvised pair of 
test leads whenever occasion demands 
or for an emergency. 

By using a 50-or 60-watt lamp as a 
test lamp, all types of lamps can be 
tested from a 2 c.p. auto-lamp to a 
200-watt lamp. There will be no danger 
of burning out the small, low-voltage 
lamps when they are tested on 110 


leg 
Fuses 


plug 


- Copper plate 
Fiber strip 


Wiring 


Front Side 
Diagram 


Elevation Elevation 


Here is a testing outfit that is 
made of standard conduit fittings 
and will facilitate the testing of 
lamps, fuses and other equipment. 


volts in series with the test lamp. The 
larger lamps, of course, will burn only 
very dimly when in the test socket. In 
wiring be sure to bring the hot leg to 
the test lamp and the grounded leg to 
the testing devices, to prevent acci- 
dental shorts from grounds. 

The material required and the cost 
of this testing device is as follows: 


MATERIAL Cost 
1 3-in. by %-in. by 5-in. cutout box..$0.35 
1 2-wire, 80-amp. cartridge fuse cut- 
out e ve 
2 15- amp. cartridge uses — 30 
3 Type C conduit fittings, 1 in. 1.11 
1 Type E conduit fitting % in. — 27 
3 Conduit fitting receptacles. . . 81 
4 -in. by 2-in. nipples. uw... 20 
1 W%-in. loek nut. ———— 01 
1 % -in. bushing. eee cece . 02 
8 ft. No. 14 R C. wire. — 086 
For Test PLATE 
1 piece of fibre 4 in. by 1% in. by 96 
2 piéces of copper n be 1M in 
by | a A ree oe ee S ⁰AaA Bee .20 
2 Toth 8/32—-F. H. brass screws...... .02 
2 8/32- ‘in. brass battery nuts. .02 
2 %-in., 6/32 F. H. brass screws. . .02 
2 %-in., 6/32 F. H. brass screws. 02 
2 6/32 hex. brass nuts. 02 
2 6 -In. brass washers. 01 
For Trest RECEPTACLE 
1 fibre washer % in. by 1 in. .06 
1 brass disk 1/16 in. by & in. 02 
1 6/32 F. H. brass e (length 
will vary according to make of 
receptacle used) .01 
$3.98 


The amount of labor necessary for 
assembling the above at the bench will 
be one man for 1% to 2 hr. The 
amount of labor for installing the test- 
ing device will depend upon how far a 
line must be run to the place where it 
is being installed. 


WM. H. FREDERICKSON. 
Elizabeth, N. J. 


99 


Inexpensive Clamp for Holding 
Commutator Together 


T IS frequently necessary to remove 

a commutator from an armature and 
keep the copper bars and mica seg- 
ments in their proper position while 
repairs are being made, or so that the 
commutator can be sent to the manu- 
facturer as a sample. In the latter 
case it is particularly advisable to keep 
the commutator intact, to indicate the 
proper diameter; otherwise the new 
bars and segments may not fit together 
properly. 

Many methods of holding a commu- 
tator together are used, but most of 
them are unsatisfactory. In some shops 
it is the practice to wrap a piece of 
copper wire around the bars and twist 
the wire as tightly as possible. In 
other shops the bars are wrapped with 
several layers of friction tape. A third 
method is to place the armature in a 
lathe and band the segments carefully 
with armature banding wire, which is 
then soldered. This last method can- 
not be improved upon if the commu- 
tator is to be used only as a sample. 
I offer the following method as being 
practical and inexpensive, with the 
added feature of permitting the bars 
to be tested for electrical defeets and 
repaired. 

All mill supply houses sell hanger 
iron, which is steel strip about % in. 
thick and 1 in. wide, with %-in. round 
holes punched at 1-in. intervals. This 
material is used for supporting steam 
and water pipes. 

A handy commutator clamp may 
easily be made by cutting off a piece of 
hanger iron of suitable length with a 
hacksaw and bending % in. or so of 
each end at a right angle. The strip 
is then formed around the commutator 
and a small bolt put through the ends 
to tighten it. Any kind of thin strip 
iron could, of course, be used, but when 
hanger iron is used it is not necessary 
to drill holes for the holding bolt, which 
saves time. 

The circumference of the commuta- 
tor may be measured with a piece of 
twine. Experience will soon show how 
much to allow for the bends at the ends 
of the strip. When tightened the ends 
should be separated about 3% in. A 
steel bolt 1% or 2 in. long, which fits 
loosely in the holes in the strip and is 
heavy enough to stand considerable 
strain, should be used. A bolt of this 
length may be loosened to remove a 
bar for repairs and tightened when the 
bar is replaced, which will also tighten 
the commutator. When removing a 
commutator bar it is well to wedge the 
opening with a piece of wood or metal, 
so that in case the workman is called 
away no one can tamper with the loose 
segments and thus wreck the whole 
commutator. 

For small commutators one can pur- 
chase adjustable clamps, such as are 
used on the hose connections of auto- 
mobile radiators, from any accessory 
store for a few cents each. 


If a piece of heavy paper is placed 
between the steel clamp and the com- 
mutator the latter may be tested for 
short-circuits between the bars. 
Cleveland Heights, Ohio C. B. KECK. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
f mechanical 


plant operation or reduce operating and maintenance costs. 


New Electric Space Heater 


HE Chromalox line of electric 

heating units manufactured by 
Edwin L. Wiegand Co., 422 First Ave., 
Pittsburgh, Pa., has been increased by 
the addition of a space heater. This 
unit, it is stated, was developed to meet 
the requirements of general air heating 
where low first cost is a deciding 
factor. A cross-section of this unit is 
shown in an accompanying illustration. 


This unit has triple-spiral imbedded 
resistors and a large radiating surface 
area for general air heating. 

These units are 2 ft. long with 
mounting holes 22% in., center to 
center, and are made in 500-watt units 
for 110, 220 or 250 volts. If an increase 
in wattage is not a factor, these space 
heaters will operate, it is said, on 
higher voltages. 


Worm Reducing Gears for Ratios 
Exceeding 100 to 1 


HEN using worm gears for 

ratios above 100 to 1, as required 
for driving cooling tables, conveyors, 
stokers, heat-treating furnaces, escala- 
tors, and so on, it is often desirable to 
use two steps, with which the highest 
reduction ratios ordinarily required are 


readily attained. The two-stage worm 
reduction gear illustrated herewith has 
been developed by the De Laval Steam 
Turbine Co., Trenton, N. J., for ratios 
up to 8,000 to 1. The one casing carries 
all bearings for the high-speed worm 
shaft, the low-speed worm shaft, which 
also carries the high-speed wheel, and 
the low-speed wheel shaft, thereby in- 
suring accurate alignment and perfect 
meshing. There are only three work- 
ing members, excluding the ball bear- 
ings of the two worm shafts, and these 
parts are heavy and rugged. End 
thrust and bending strains from the 
driving and driven machines are 
avoided by the use of flexible couplings. 

The one-piece casing also acts as an 
oil reservoir. A positive oil pump 
draws oil from the reservoir and forces 
it through passages to the low-speed 
shaft bearings. Escape of oil along 
the high-speed worm shaft is prevented 
by a packed gland, while the seepage of 
oil along the low-speed shaft is avoided 
by the use of an oil slinger working 
between the end of the bearing and 
an oil guard surrounding the shaft and 
held in grooves in the casing and cover. 


— — — 


New Thermaload Starter 


N THE new thermaload starter 

made by the Monitor Controller Co., 
Baltimore, Md., the thermal expansion 
units are of thermal metal and it is 
stated that no liquid of any kind is 
employed. These expansion units are 
helically wound, fixed at one end and 
pivoted, but free to turn at the other 
end. Actuating arms attached to the 
free ends of the expansion units 
transmit their motion to the contact 
arm of the relay. Movement of this 
arm under overload conditions opens 
the relay contacts and breaks the cir- 
cuit for the holding magnet of the 
main line contactor. This causes the 
main line contactor to open and dis- 
connect the motor from the line. It is 
claimed that an ingenious arrange- 
ment of two contacts on the relay, 
insures flutter-proof operation. 

The thermal or heating units ot 


various ratings are interchangeable,- 


thus enabling a starter to be changed 
from one horsepower rating to another 
by inserting the proper thermal units. 
This permits motors to be changed or 
shifted about without shifting around 
or changing starters and without dis- 
turbing the wiring. 

The starter is manufactured in two 
types. One type has a self-resetting 
thermal relay and is used with three- 
wire, momentary-contact control cir- 
cuits. The second type has the relay 
arranged for manual reset and may be 
used with either two-wire maintained- 


Vol.84, No.2 


contact or three-wire momentary-con- 
tact, pilot-circuit control. The three- 
wire momentary-contact master stations 
have the start circuit normally open 
and the stop circuit normally closed. 


Support for 600-Volt Buses 


A support for potential and 
synchronizing buses for 600 volts 
or less has been announced by the 
General Electric Co., Schenectady, 
N. Y. It is said to be made of non- 
fragile material and is designed to 
withstand tight clamping. 

This support will hold three -in. 
bus tubes and, with the addition of 
spacers, will hold three additional tubes. 
It is furnished with insulating tubes 
for holding copper tubing but is also 
adaptable to the use of copper tubing 
insulated with circular loom. 


— — 


Automatic Time Switch 


HE Eureka time switch for auto- 
matically turning on or off elec- 
trical connections, is announced by the 
Eureka Tool & Machine Co., 42 Walnut 
St., Newark, N. J. This switch is 
mounted with a clock on the base of a 
box, 45% in. by 6% in. by 3 in., and may 
be set to operate at any time desired. 
Some of the industrial uses are: 
starting of electric furnaces; con- 
trolling heating of lead or other metal 
melting pots; operation of signs and 
battery chargers; control of other 
heating or power equipment which 
operates on a time schedule. One 
common use, it is stated, is for turning 
on heating devices in the morning, so 
that they will be hot by the time the 
men commence work, and automatically 
turning them off again at night to 
prevent fire from overheating. 


Automatic, Self-Starting, 


Induction Motor 


HE Type AA Ideal induction mo- 

tor is announced by the Ideal 
Electric & Manufacturing Co., Mans- 
field, Ohio. It is stated that this mo- 
tor which is shown in an accompanying 
illustration, accomplishes magnetically 
what heretofore has been done by me- 
chanical means. The construction and 
principle of operation are described by 
the manufacturer as follows: 

The Ideal automatic, self-starting, 
induction motor is a squirrel-cage in- 
duction motor with a double squirrel- 
cage winding in the rotor. The outer 
squirrel-cage winding in the top of the 
rotor slots has about ten times the re- 


February, 1926 


sistance of the second squirrel-cage 
winding in the bottom of the slots and 
during the starting period, furnishes 
high starting torque with low inrush of 
current from the line. At the start 
the frequency of the rotor current is 
the same as the stator or line current, 
but gradually becomes less as the 
rotor begins to revolve and become zero 
at synchronism or full speed. Since 
the lew-resistance winding is imbedded 
deeply in the rotor iron, it has high 
reactance at the start and therefore 
low current. The outer, high-resistance 
winding, which is near the surface, has 
low reactance at the start and, there- 
fore, higher current. As the rotor gains 
speed the reactance of the inner squirrel- 
cage winding decreases until at full- 
load speed it operates like a standard 
squirrel-cage winding. Because of the 
great difference in resistances of the 
two windings, the high-resistance wind- 
ing carries very little current at full- 
load speed. Thus the transition or 
change-over from the starting to the 
running condition is accomplished mag- 
netically, or simply by a change in the 
reactance of the rotor. 

The manufacturer states that this 
motor can be started on full-line volt- 
age without the use of a compensator 
or other current-limiting device. Also, 
it is said that the starting torque is 
from 135 per cent to 175 per cent of 
full-load running torque with full-line 
voltage impressed on the motor ter- 
minals. 

Type AA motors are built in any 
size from 3 hp. to 100 hp., or larger 
if desired. 


Furnace Charging Tructor 


HE success attained in treating 

heavy pieces of alloy steel has 
brought a demand for better facilities 
for handling the output. To keep 
apace, Elwell- Parker Electric Co., 
Cleveland, Ohio, has developed a new 
type of portable, battery-driven fur- 
nace charger. This unit is propelled 
by an Elwell-Parker electric motor and 
is steered on all four rubber-tired 
wheels. The drivers are 22 in. by 4% 
in. while the trail or smaller wheels 
beneath the _ load-supporting forks 
carry dual-differentiating 10 in. by 6 in. 
tires. 

The load supports consist of two 
92-in. by 8-in. horizontal fingers upon 
which ten 300-lb. packed furnace boxes 
are placed. The bottom of the furnace 
is provided with two slots to receive 
the lower flanges of the fingers. The 
furnace floor between and at each side 
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of the slots supports the boxes or pots 
when the fingers are lowered and with- 
drawn. The furnace is set above the 
floor to provide clearance for the 
smaller axle thrust beneath the furnace 
when charging or discharging. The 
fingers are secured to two steel arms 
which are provided with hardened 
rollers on ball bearings. These rollers 
travel on renewable ways attached to 
8-in. upright channels. The lifts are 
from 11 to 72 in. high as required. 


Two-Pole, Plug-Fuse Switch 


HE new Type 33, 30-amp., 125-volt, 
two-pole, plug-fuse entrance switch, 
Class B, is announced by The Wads- 
worth Electric Mfg. Company, Cov- 
ington, Ky. This switch, which is 
shown in an accompanying illustration, 
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is provided with knockouts in remov- 
able end plates at the top and bottom, 
and in the sides and back of the cabi- 
net. This switch, it is stated, is par- 
ticularly adapted for small motors, 
heavy-duty lighting or industrial heat- 
ing circuits, and many other industrial 
applications within the capacity of the 
device. 


— — 


Roller-Bearing Loose Pulley 


URTHER application of Timken 

roller bearings to power transmis- 
sion equipment has been announced by 
the Dodge Manufacturing Corp., Mish- 
awaka, Ind., in the new Dodge-Timken 
roller bearing loose pulleys which are 
now available in both iron and steel. 
It is said that the problem of lubrica- 
tion which is always a feature of great 
importance in loose pulley operation, 
has been given special attention. In 


addition, a positive dustproof feature 
has been provided. 

The steel loose pulley consists of an 
Oneida steel pulley provided with an 
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extra large bore to accommodate a 
Dodge-Timken roller bearing unit 
mounting. The pulley is not split, but 
is riveted at the rim; the clamp hub 
holds the unit mounting in place. The 
cast-iron loose pulleys are made from 


regular, double-belt, solid iron pulley 


patterns and for diameters up to and 
including 20 in. the pulleys are coun- 
terbored to receive the Dodge-Timken 
unit mounting which is the same as 
that used in the steel pulley, except 
that the hub of the pulley serves as 
the housing. In diameters over 20 in. 
the pulleys are bored straight to receive 
the unit mounting, which is secured by 
setscrews. 

The Dodge-Timken unit mounting 
consists of two Timken tapered roller 
bearings mounted on a ground steel 
tube and fitted to an accurately ma- 
chined cast-iron housing. Grease seals 
and two clamping collars are mounted 
on the threaded ends of the steel tube. 
The tube is slotted and threaded at 
each end and is held to the shaft by 
the two collars which are used to obtain 
accurate adjustment of the bearings 
on the steel tube. A cross-section of 
a pulley hub is shown in an accom- 
panying illustration. It is stated that 
the special grease seals positively pre- 
vent dust working in or lubricant 
working out. In both steel and iron 
pulleys a lubricating feed pipe is 
located between the arms, so as to be 
conveniently accessible, and is inserted 
through a hole bored in the pulley hub. 


New Impedance Starter for 
Squirrel-Cage Motors 


N entirely new design of squirrel- 
cage motor starter that obtains 
reduced voltage for starting by means 
of impedance coils in series with the 
motor primary, instead of the more 
usual primary resistors or auto-trans- 
formers, has been developed and placed 
on the market by the Rowan Controller 
Company of Baltimore, Md. 
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In brief, this starter consists of two 
sets of contactors that are immersed 
in oil, three impedance coils which re- 
duce the line voltage, and a start-stop 
push button switch. Upon pushing the 
start button, one set of contactors 
closes and starts the motor on reduced 
voltage; the closing of the second or 
running contactor is controlled by the 
action of a dashpot and the voltage 
across the motor terminals, which auto- 
matically increases as the motor speed 
increases. It is said that this combi- 
nation will always start the motor and 
vary the time of acceleration accord- 
ing to the amount of load on the motor 
so that the line disturbance will be a 
minimum. 

For protection against overloads, 
single-phasing, and short circuits, 
either a circuit breaker or a combina- 
tion thermal and instantaneous over- 
load relay panel is provided. The latter 
will give thermal protection against 
running overloads or single-phasing, 
and instantaneous overload protection 
in case of short-circuits or heavy 
grounds. In the illustration on page 
101 the oil tank has been dropped so as 
to display the contactors for inspection. 
Likewise, the cover, hinged to the top 
of the controller, has been removed to 
allow inspection of the impedance coils. 
The starter is said to be practically 
dust-tight when closed. 


Six-Ton High-Lift Truck 


HE accompanying illustration 

shows the new Baker 6-Ton Hy- 
Lift Truck, being marketed by the 
Baker-Raulang Co., Cleveland, Ohio. 
For several years men in the steel 
stamping and automotive industries 
have recognized the high-lift type of 
industrial truck as the most practical 
machine for changing dies conveniently 
and at low cost. Naturally, these heavy 
loads have proven rather destructive 
to trucks designed to carry 2- or 3-ton 
loads, but this 6-ton machine has been 
designed of heavy construction. 

The power is obtained from a Baker 
totally-enclosed series motor driving 
through a worm reduction and full- 
floating axle shafts. The hoist is of 
the two-cable type and the drums are 
driven by a compound-wound motor 
through a combination worm and 
planetary reduction. 
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Automatic Time Switch 


POSITIVE - ACTING, completely 
automatic time switch of Swiss 
manufacture but made to conform to 
conditions in this country has been 
placed on the mar- 
ket by The States 
Go., Hartford, 
Conn., under its 
own trade name. 
These motor- 
driven switches 
are said to be ap- 
plicable to all pos- 
sible combinations 
of control or se- 
lective switching. 
The driving motor 
used with these 
| switches consists, 
primarily, of a two-pole armature 
which is arranged to oscillate freely in 
a constant magnetic field produced by 
a steel permanent magnet. 

The time dials in general are divided 
into hours and fractions of hours and 
turn one revolution during twenty-four 
hours. For comparatively heavy cur- 
rent (75 amp. to 200 amp.) and volt- 
ages up to 3,300 a time and cut-out 
oil switch of the quick-break type is 
available. The clock movement and 
driving motor, similar to that described 
above, are contained in the upper part 
of the switch in a cast-iron case that 
may be sealed. The oil container is 
suspended by four rods, with a screw 
thread their entire length, coupled to- 
gether by a linked chain. 

This company is also furnishing 
an electrical temperature regulating 
apparatus, which uses one of its time 
switches in connection with its “Thermo 
Regulator.” 


Combination Metalworking Unit 


WORK BENCH on which a lathe, 

drill press, arbor press, vise and 
grinder head are conveniently arranged, 
as shown in an accompanying illustra- 
tion, has been brought out by the 
Artisan Manufacturing Co., 839 W. 
Sixth St., Cincinnati, Ohio. This com- 
bination unit, which has the trade 
name of Artisan Metalworker, is espe- 
cially designed to meet the needs of 
the small repair shop, electrical depart- 
ment, or the maintenance department 
in industries which do not have a metal- 
working department. 

As shown, the various tools are 
mounted on a hardwood bench top, 7 ft. 
by 2 ft. 6 in., which is supported on 
cast-iron legs. The tools are driven 
from a countershaft extending length- 
wise under the bench. This counter- 
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shaft may be driven either by a %-hp. 
motor or may be belted to a lineshaft. 
The lathe has 11 in. swing over the bed, 
16 in. swing over the gap and takes 24 
in. between centers; standard lathe tools 
are furnished with the outfit. 

The grinder is equipped with two 
6-in. by 1-in. emery wheels which are 
driven from a flanged pulley on the 
countershaft. When the grinder is not 
in use the belt hangs slack but when 
needed, a double pulley idler is thrown 
in, thus tightening the belt which 
drives the wheel. 


Electrically-Operated Brake 


NEW type of brake for use on 

electric cranes, elevator motors, 
electric hoists, motor-driven screw- 
downs, and similar applications is now 
being manufactured by the Clark Con- 
troller Co., Cleveland, Ohio. 

The general appearance of the brake 
is shown by the top picture in the ac- 
companying illustration, from which it 
may be noted that the friction band 
acting upon the brake wheel is divided 
into two parts, which are duplicates. 
It is stated that about 89 per cent of 
the brake wheel surface is utilized for 
braking. The cylindrical device at the 
right contains a spring and a magnet 
for setting and releasing the brake. 
The action of these two devices is 
transmitted through the bell crank, 
which is mounted above the cylindrical 
device and is pivoted to the frame, as 
shown in the bottom illustration. This 
bell crank operates the two geared sec- 
tors, shown in detail in the bottom 
illustration, which in turn tighten or 
release the friction bands around the 
brake wheel. The brake is said to be 
equally efficient in either direction of 
rotation of the brake wheel. 

There are two adjustments, one for 
the braking torque, and the other to 
compensate for the wear of the brake 
lining. Both of these adjustments are 
easily accessible. The same general 
design of brake is adaptable for alter- 
nating-current operation and also for 
use as a foot-operated brake. 
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Practical Books 


for your personal library 


Every man who aspires to larger responsibilities should build 
up a professional library containing carefully selected volumes 
on aubjects related to his work. Copies of the books which are 
reviewed here may be obtained from the publishers mentioned. 


Electricity and the Structure of Matter 
—By L. Southerns, Lecturer in 
Physics, University of Sheffield. Pub- 
lished by Oxford University Press, 
London, England, 120 pages, illus- 
trated. Price $1.50 net. 

This is one of the series of “The 
World’s Manuals,” a group of introduc- 
tory volumes designed not only for 
students, but also for the great body 
of general readers who are sufficiently 
alive to the value of reading to wel- 
come authoritative and scholarly work 
presented to them in terms of human 
nature. About 30 pages are devoted to 
a historical discussion of the subject up 
to the discovery of the electron. The 
remainder of the book covers some of 
the lesser understood applications of 
electricity. A glossary of technical 
and uncommon terms which are used 
in this volume is included. 
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Rewinding Small Motors—By Daniel H. 
Braymer, formerly Editorial Direc- 
tor, INDUSTRIAL ENGINEER, and A. C. 
Roe, Industrial and Insulation En- 

55 Renewal Parts Engineering 
ept., Westinghouse Electric & Mfg. 

Co. Published by MeGraw-Hill Boo 

Co., Inc., 370 Seventh Ave., New 

York, N. X., 240 pages, illustrated. 

Price $2.50. 


Readers of INDUSTRIAL ENGINEER 
need no further introduction to these 
authors. Much of the information in 
this book has appeared in early issues 
of INDUSTRIAL ENGINEER; it has, how- 
ever, been rearranged in this volume 
and much material added for the pur- 
pose of making it as useful as possible 
to practical men either with a greater 
or less amount of experience. 

The authors have compiled in this 
volume practical information on wind- 
ing procedure for fractional horse- 
power, direct- and alternating-current 
motors. This discussion includes all 
the common types of windings used for 
portable drills, grinders, automobile 
starting motors, sewing machine mo- 
tors, desk and ceiling fans, vacuum 
cleaner and washing machine motors, 
and other similar applications of these 
small units. 

The information has been presented 
in step-by-step details from the start 
to the finish of a winding job so as to 
make it easy for the experienced 
winder to understand the procedure 
and give him a grasp of the essential 
requirements of the windings that are 
used by the manufacturers of small 
motors and so enable him to rewind or 
change them as conditions require, even 
though he may not have had much ex- 
perience in the rewinding of small mo- 
tors. The practical side of the winding 
operation has been dealt with in detail, 
giving as little technical information as 
is required to understand the reasons 
for the winding procedure that is pre- 
sented. This is intended to be a prac 


tical man’s handbook on the subject 
although it will be found to be a usef 
reference book as well. 
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Health Maintenance in Industries—By 
J. D. Hackett, formerly Manager, 
Medical A e Nichols Copper 
Co. Published by A. W. Shaw Co., 
Chicago, III., 477 pages, illustrated 
with tables and charts. Price $5. 
The object of this book is to show 
those who manage plants how the 
workers’ health may be maintained and 
improved as a means of increasing pro- 
duction. The subject is treated simply 
and its medical and surgical aspects are 
dealt with only in so far as may be 
necessary to their understanding from 
the plant manager’s point of view. 
Considerable attention is given to 
panl hygiene and plant sanitation. 
ntire chapters are devoted to the fol- 
lowing subjects: Ventilation, heat and 
heating, plant lighting, food and lunch 
rooms, fatigue removal, rest periods 
and seating, toilet facilities and sani- 
tary standards, washrooms and wash- 
ing facilities, lockers and locker rooms, 
laundry and cleaning, drinking water, 
occupational dusts and diseases. 
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Electrical Machinery Erection — By 
Terrell Croft, Consulting Engineer. 
Published by McGraw-Hill Book Co., 
Inc., 370 Seventh Ave., New York, 
N. Y., 306 pages, illustrated. Price $3. 


The practical methods and processes 
used in modern practice in the me- 
chanical installation of electrical ma- 
chinery, from the unloading of the 
apparatus from the car to its final 
fixing and aligning in its ultimate oper- 
ating location, are discussed in this 
book. Some of the subjects included 
are: unloading and moving, supporting 
erecting, locating, and fixing electrical 
machinery. A section of the volume is 
devoted to the mechanical maintenance 
of electrical machinery, particular at- 
tention being paid to the bearings. 
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Power Plant Lubrication—By William 
Farrand Osborne. Published by Mc- 
Graw-Hill Book Co., Inc., 370 Seventh 
Ave., New York, N. Y., 262 pages, 
illustrated. Price $3. 


The purpose of this book is to pre- 
sent, in such a way as to be of the 
greatest possible value and practical 
use, the principles of lubrication and 
the solution of lubricating problems 
which have been worked out by the 
author. It will be of value to everyone 
who is interested in the operation of 
machinery or the purchase of lubri- 
cants. Because the whole subject of 
lubrication is so broad and involves so 
many details, both as to theory and 
practice, the subject matter has been 
confined to the practical requirements 
of power plant machinery. However, 
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with the general principles of lubrica- 
tion of such machinery firmly in mind, 
the application of these principles to 
other types of machinery is compara- 
tively simple. 

Part I is devoted to a discussion of 
the physical and chemical properties of 
lubricants, their action under the chang- 
ing influences of heat, pressure, and so 
on, and the methods of determining 
their relative magnitude and value. 
Part II covers the practical applications 
of lubricants to the principal types of 
machinery commonly found in power 
plants. Part III contains specifications 
of lubricants which have been found 
suitable for many types of service and 
are recommended to purchasers of 
lubricants who wish to buy in this 
manner. Standard methods of testing 
lubricants are also given. 
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Light, Photometry and Illumination 
Engineering—By William E. Bar- 
rows, Professor of Electrical Engi- 
19 University of Maine. Pub- 
lished by McGraw-Hill Book Co., Inc., 
370 Seventh Ave., New York, N. X., 
400 pages, illustrated. Price $4. 


This book has been designed as a 
text in illuminating engineering and as 
a reference work for the practical 
engineer. It is an outgrowth of the 
author’s previous books, “Electrical 
Illuminating Engineering,” and “Light, 
Photometry and Illumination.” How- 
ever, approximately two-thirds of this 
text is new. 

It has been the aim of the author in 
this book to assemble the latest ideas 
and thoughts available on the subject 
of artificial illumination and the choice 
of lighting equipment. Much informa- 
tion on present practice will be found 
in the chapters on the different classes 
of lighting. Various types of lighting 
installations are discussed, and numer- 
ous charts, diagrams and tables, as well 
as illustrations, give the theoretical and 
practical sides of illumination. 
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Coils and Magnet Wire—By Charles R. 
Underhill, Consulting Electrical En- 
ineer. Published by McGraw-Hill 
ook Co., Inc., 370 Seventh Ave., 
New York, N. Y., 474 pages, illus- 
trated. Price $4. 


All power transmission lines begin 
and end in coils. The problems in- 
volved in the use of electrical conduc- 
tors and electrical insulation are com- 
mon to all forms of coils regardless of 
the use to which they may applied. 
Therefore, in this volume, particular 
stress is placed on the conductor and 
the insulation. The subject of magnet 
wire is thoroughly treated, also. Much 
space is devoted to the composition and 
application of wire enamel and its 
properties as a film, as well as the usual 
cotton, silk, paper and asbestos cover- 
ings as applied to magnet wire. 

Internal and external insulation of 
coils receive the consideration their im- 
portance deserves. Methods of design- 
ing various coils are described. Some 
of the conventional methods of winding 
and finishing coils are treated in a 
general way, and some in detail. Be- 
cause the small details that are so 
easily overlooked are usually the causes 
of failure of coils, and therefore of the 
entire apparatus or machine of which 
such a defective coil is a part, consider- 
able emphasis is placed throughout the 
text upon points that need watching. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page oan be 
obtained by writing to the manufacturer whose name and addrese 
are mentioned. It is always advisable to state the name and 
number of bulletin or catalog desired, ae given in these columns. 


Electric Machinery Catechism—Bul- 
letin H338 carrying the above title, pre- 
sents in a simple way in a 36-page, 
question-and-answer discussion the 
most important theoretical and prac- 
tical features of the common types of 
d.c. and a.c. motors, generators, and 
control equipment. Numerous charts 
and illustrations are used.—Fairbanks, 
Morse & Co., 900 S. Wabash Ave., Chi- 
cago, Ill. 

Heating and Ventilating—Recent cir- 
culars show the use of the Ventura disk 
fan in connection with unit heaters and 
for ventilation of industrial plants.— 
American Blower Co., Detroit, Mich. 


Grounding Devices—A number of 
loose-leaf sheets illustrate, describe, 
and price the various types of Groundu- 
lets for facilitating the making of 
ground connections wherever necessary. 
—Groundulet Co., 86 Park Place, 
Newark, N. J. 


Arc Welder—A 24-page bulletin dis- 
cusses arc welding and gives the par- 
ticular advantages claimed for the Lin- 
coln Stable-Arc welder. Various units 
are illustrated and described.—The Lin- 
coln Electric Co., Cleveland, Ohio. 


Battery Charger—Bulletin 6561 de- 
scribes a line of individual and multiple 
motor-generator sets for battery . 
ing.— The Hertner Electric Co., ; 
113th St., Cleveland, Ohio. 


Roller and Ball Bearings—Bulletins 
describe the line of Hoffmann Precision 
roller and ball bearings, and single- and 
double-ball thrust bearings, for heavy 
loads and hard service. Several pages 
are devoted to a discussion of the lubri- 
cation and instructions for mounting. 
—Norma-Hoffmann Bearings Corp., 
Stamford, Conn. 


Mica Undercutters—Circulars de- 
scribe the No. 6 type of Hullhorst mica 
undercutting machine and disk type of 
mica cutter.—The Hullhorst Micro Tool 
Co., Dept. 2, Toledo, Ohio. 


Pipe Threading—A circular describes 
the No. 4 Beaver power-driven, pipe- 
threading tool which will handle from 
-in. to 2-in. pipe and, when used with 
a special universal shaft and Beaver die 
stocks, pipe up to 6 in. in diameter.— 
The Borden Co., Warren, Ohio. 


Screw Pumps—A circular describes 
Quimby screw pumps which are used 
for handling various heavy liquids and 
semi-liquids, such as oils, tar, molasses, 
soap, and so on, at high pressure.— 
William E. Quimby, Inc., Parkhurst St., 
Newark, N. J. 

Bus Supports —A series of bulletins 
describe various types of bus supports 
and disconnecting switches.— Electrical 
Development & Machine Co., Holmes- 
burg Junction, Philadelphia, Pa. 


Wall Chart —A 17-in. by 25-in. wall 
chart contains a number of useful and 
practical tables, such as, a copper wire 
chart, allowable carrying capacities of 
copper wire and cables, common insu- 


lating materials, decimal equivalents, 
drill sizes, condensed tables of trigonom- 
etric functions, and other tables. This 
will be mailed to any user of insulating 
material when requested on his busi- 
ness letterhead.—Mitchell-Rand Mfg. 
Co., 18 Vesey St., New York City. 


Light Globe Removers—A circular 
describes four different types of port- 
able apparatus for charging electric 
light globes in places difficult of access. 
—Pierpoint Mfg. Co., Lock Box 195, 
Pana, III. 

Grinders, Buffers and Polishers— 
Catalog 825 describes the line of 
C. A. W. motor-driven grinders, buffers 
and polishers. These have a double 
head, with the motor mounted in the 
head, and Timken adjustable, taper 
roller bearings.—Cleveland Armature 
Works, 4732 St. Clair Ave., Cleveland, 
Ohio. 

Electric Trucks—A circular describes 
the line of Wright-Hibbard power- 
operated, elevating-platform trucks 
which are especially built for narrow 
passages and short- radius curves.— 
Wright - Hibbard Industrial Electric 
Truck Co., Inc., Phelps, New York. 


Automatic Electric Control—Circu- 
lars describe the No. 848 Mercoid Con- 
trol, industrial type, which is used to 
automatically open or close an electric 
service circuit, feeding motors of 1 hp. 
or less, upon a change in temperature, 
pressure, or vacuum.—The Federal 
Gauge Co., 564 W. Adams St., Chicago. 


Wire Stripper—A circular describes 
the Acme electric cord and wire strip- 
per, a hand tool which can be set for 
various sizes of wire.—A. Laubscher, 
1 Fort Pleasant Ave., Springfield, 

ass. 


Threadless Conduit Fittings —A book- 
let entitled, “A Message for You of 
Economic Importance,” illustrates a 
number of the special Knodu-Box 
threadless conduit fittings, shows how 
they are applied and gives some inter- 
esting figures concerning the cost of 
installation of threaded and threadless 
conduit fittings—Erie Malleable Iron 
Co., Kondu Division, Erie, Pa. 

Splices and Tapes—A 14-page book- 
let describes various tapes and other 
insulating materials and explains and 
illustrates in detail how to make a 
splice on rubber-insulated wire.—The 
Okonite Co., Passaic, N. J 


Industrial Ovens—A circular de- 
scribes the Type I Freas electric indus- 
trial oven, thermostatically controlled, 
for industrial baking, drying and other 
uses.—The Thermo Electric Instrument 
Co., 8 Johnson St., Newark, N. J. 


Lighting and Other Electrical Prod- 
ucts—Catalog 24 covers the complete 
line of Benjamin electrical products. 
Sections of especial interest to indus- 
trial plant men are: Industrial illumi- 
nation data, reflector brackets, various 
lines of lighting equipment, industrial 
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devices, and others.—Benjamin Electric 
Mfg. Co., 120-128 So. Sangamon St., 
Chicago, III. 

Flexible Coupling—A circular shows 
the construction of the Falk-Bibby 
flexible coupling and gives some ex- 
amples of its use under heavy service. 
These couplings are made in capacities 
ranging from 1/3 to 20,000 hp. at 100 
r. p. m. rating.—The Falk Corp., Mil- 
waukee, Wis. 


Electric Heat in Industry —A 32-page 
illustrated bulletin, GEA-261, carrying 
the above title, deals with the ad- 
vantages of electric heat for various in- 
dustrial applications, including the 
metal industry, heat-treating, ceramic 
industry, chemical industry, printing 
industry, finishing processes, and other 
such uses.—General Electric Co., Sche- 
nectady, 


Pyrometers -A 56-page catalog, 
Part-4000, describes and illustrates the 
complete line of Tycos pyrometers and 
charts. Several pages are devoted to 
a discussion of the selection of a pyrom- 
eter, principles of operation, application, 
method of installing the thermocouple, 
maintenance, testing and engineering 
data.—Taylor Instrument Co., Roch- 
ester, N. Y 


Speed Reducers—A circular describes 
a line of Herringbone continuous-tooth 
speed reducers which are made up to 
150-hp. capacity and in reduction ratios 
up to 250 to 1—Foote Bros. Gear & 
Machine Co., 236-246 N. Curtis St., 
Chicago, III. 

Motor Fuse Rating Card—A con- 
venient card for posting up, tabulates 
the full-load current, indicates the cor- 
rect rating of starting and running 
fuses for properly protecting different 
types and sizes of motors, and gives 
other information.—Chicago Fuse Mfg. 
Co., 1511 W. 15th St., Chicago, III. 

Conveying Machinery — A 24-page 
monthly bulletin entitled “The Labor 
Saver” is devoted to descriptions of 
installations of labor-saving conveying 
machinery and of new units of convey- 
ing and elevating machinery as they 
are developed. — Stephens - Adamson 
Mfg. Co., Aurora, III. 


Dust Collectors—Bulletin S-125 illus- 
trates a number of Sly dust arresters 
in different industries and shows their 
construction and operation.—The W. W. 
Sly Mfg. Co., Cleveland, Ohio. 


Safety Switch—Circular describes the 
Super-Safety electric switch in various 
types and capacities. — Super-Safety 
Switch Co., 1219 W. 103rd Pl., Chicago. 


Non-Metallic Gears—A 26-page bul- 
letin describes several installations of 
Celeron non-metallic gears operating 
under severe service conditions and 
gives considerable information on turn- 
ing and cutting these gears.—Diamond 
State Fibre Co., Bridgeport, Pa. 


Insulation Resistance Testing—A cir- 
cular describes the Cory-Record Ohm- 


meter which is used for testing the 
insulation resistance of electrical ap- 
paratus or cables.—Chas. Cory & Sons, 


Inc., 183-7 Varick St., New York City. 


Motion and Operation Recorders— 
Catalog 1600 describes the Bristol me- 
chanical and electrical motion recorders 
which autometically record the actual 
operation, the time of operation, and 
the extent of mechanical movement of 
machinery, elevators and hoists, con- 
veyors, opening and closing of doors, 
gate valves, and so on.—The Bristol 


signals, heavy-duty, water-tight wiring Co., Waterbury, Conn. 
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Trade Mark Registered 


The Principle 
As Developed by 


Howell Engineers 
(Patents Pending) 


The outer race or cup of OO : 
The Timken Tapered a 
Roller Bearing is fitted ; Fè 
into the housing of the wr 4 


motor end bell with a 
sucking fit which allows 
creeping of the outer race. 
The bearing is shimmed 
witha compression spring 
which is held tight against 
the outer cup of the bear- 
ing by a grease cap. The 
action ofthe spring pushes 
the cup tightly against 
the rollers, thereby keep- 
ing the bearings tight at 
all times—automatically 
taking up wear and elim- 


_Now-twiken Roller Bearings 
plus - an Automatic take-up: 


The new Howell method of roller bearing occur due to heat. Now Howell Red Band 
= . #42 
5 1 application (illustrated above) is the last Motors always known for their ability to 
re ; y le word in electric motor construction. It master hard jobs—are even more depend- 
Se See practically eliminates all bearing trouble able—more staunch than ever. 
(and 95°% of all electric motor trouble can 
i be traced to bearing failure). It insures Howell Red Band Motors with Timken 
a continuous uniform air gap in which any tapered roller bearings are offered in all 


looseness in the bearing caused by wear 
or otherwise is instantly and automatically 
taken up. It automatically keeps the rotor 
centered at all times and allows for any 
lateral expansion of the shaft which might 


sizes and types in addition to the regular 
motors with re-centering sleeve bearings. 
Get in touch with the Howell representative 
in your locality or write direct to the factory 
for complete information. 


Howell Electric Motors Company, Howell, Mich. 


Howell Molors 


Make Good on the Hard Jo bs 


Working for Less 
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In every great industry, at every 
brutal task, Allis- Chalmers elec- 
tric motors have for years given 
the very best account of them- 
selves. Unusual power, endurance 
and all-around economy are to be 
expected of the many unusual and 
exclusive Allis-Chalmers practices. 


Allis-Chalmers frames, spiders and 
other parts, wherever possible, are 
of cast steel in preference to lesser 
metals. The laminated core con- 
struction is a scientific achieve- 
ment. Windings are insulated 
and baked byspecial Allis-Chalmers 
processes unequaled for thorough- 
ness. The uniformity of cooling is 


Allis-Chalmers Timken-equipped 
motor enduring shock loads of a 
cast tooth bevel drive through an 
open link chain to spur gear and 
pinion on motor shaft. 200 to 1 
speed reduction. 
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itself a tribute to Allis - Chalmers 
engineering. Lubrication is most 
highly developed. 


Now Allis- Chalmers betterments 
also include Timken Tapered 
Roller Bearings on the shaft. Rigid- 
ity, compactness, endurance, econ- 
omyare multiplied. Here are motors 
that run for months at least with- 
out added lubrication—motors that 
run for life without bearing dete- 
rioration. 


In its line of induction motors with 
anti-friction bearings, as in all 
other types, Allis -Chalmers offers 
electric motors best able to pay 
for themselves. 


ALLIS-CHALMERS MANUFACTURING CO., MILWAUKEE 
District Sales Offices in all Principal Cities 
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A Generator of 
50 Years Ago— 


and one of a very few 
of the first designs now 
available for inspection 


N THESE days of continual 
improvements and refinements 
in equipment, those of us who 
are 40 years of age or better either 
forget or do not stop to realize that 
all of our present electrical equip- 
ment has had its birth in crude 
forms during the past 50 years. We 
are all moving so lively these days 
and demand such accuracy and re- 
liability that unless we take the time 
to bury ourselves in musty records 
now and then, there is a tendency to 
become blind to the service a dollar 
will buy today when spent for mo- 
tors and generators, for instance. 
Just to go back in point of time 
to 1875, when Thomas A. Edison 
was working on an unheard-of ma- 
chine for generating current at 
constant potential, we find that there 
was interesting work being done on 
an experimental basis at other points 
here and abroad and one of these 
was the laboratories at Cornell Uni- 
versity. Here Wm. A. Anthony, and 
George S. Moler, professors in the 
Department of Physics, were con- 
structing a ‘“‘dynamo-electric” ma- 
chine, so-called in distinction from 
earlier magneto- electric“ machines. 
This was a Gramme machine similar 
in the main to the original Gramme 
design built in France, but with 
some added features including 
movable rocker arms for the brush- 
holders. It was also provided with 
two sets of armature windings, each 
with its own commutator which 
could be used independently or con- 
nected in parallel or in series. This 


particular machine is shown in the 
accompanying photograph connected 
to a bracket cradle dynamometer. It 
is still in good condition in Rocke- 
feller Hall at Cornell University and 
was recently used for a year as a 
shop motor. 

- From a construction standpoint it 
is of interest to note that this ma- 
chine was originally wound with 
square wire, but this was later re- 
placed with round wire, the cotton 
insulation being put on by hand. 
This generator, huge in size as we 
now know generators of like capa- 
city, delivered 20 amp. at 150 volts 
with the two armature windings 
connected in series. It was exhibit- 
ed at the Centennial Exposition in 
Philadelphia in 1876, at Chicago in 
1898, and at St. Louis in 1904. 

This particular machine is of in- 
terest today because it is available 
for inspection by those interested 
and is strictly typical of the first 
thinking of designers of electric 
generators. Moreover, it serves as 


a basis for appreciating and compar- 
ing the wonderful development work 
in electrical design that has taken 
place in this country in the short 


space of 50 years. Today a plant 
without a single motor is an oddity 
and one with a thousand or more 
creates little comment, for such a 
number of motors often requires 
less attention and supervision than 
an equivalent number of other 
mechanical devices. 

If you are 80 years old today put 
this item carefully away for 25 years 
and it will then be a valued treasure, 
if you are still interested in elec- 
trical work. 
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Factors to consider 
when selecting 


Power Drive Equipment 
for Ammonia Compressors 


including type and capacity of motor required, kind 
of control apparatus necessary, and the type of 
mechanical connection that should be used for 
coupling the motor to the compressor 


ice the electric motor has been 
extensively adopted for driv- 
ing ammonia compressors for ice 
manufacture. The cost of ice made 
by electric power is usually ma- 
terially less than that made by steam 
or oil power. The labor is reduced. 
The location of the ice plant is inde- 
pendent of the fuel supply. The first 
cost of the plant is lower, and it is 
superior in general convenience. 
Cold storage warehouses and 
packing houses are also large users 
of ammonia compressors for re- 
frigeration, the majority of these 
being motor driven. Smaller in- 
stallations for miscellaneous refrig- 
erating uses are very numerous. 
Refrigerating and ice plant loads 
are attractive to public utilities. 


S: CE the advent of raw water 


By GORDON FOX 
Electrical Engineer, Freyn Engineering 
Company, Chicago, Ill. 

They are steady loads of consider- 
able magnitude, often on a 24-hr. 
basis. In some instances arrange- 
ments can be made to shut down for 
a few hours during the daily peak. 
The summer demand is normally 
heavier than the winter demand. 
Because of the desirable character of 
these loads, favorable rates are 

usually available. 

In an ammonia refrigerating sys- 
tem the ammonia is drawn into 
the compressor and raised to a pres- 
sure of approximately 150 Ib. per 
sq. in. The compressed gas then 
passes to the condenser, where the 
temperature is reduced below the 
boiling point of ammonia corre- 


The synchronous motor is the accepted 
type of motor drive for most large 


ammonia compressors. This illustra 
tion shows four Electric Machinery Co. 
synchronous motors coupled direct to 
as many compressors. Manual control, 
as shown by the switchboard in the 
right background, is used for con 
trolling these motors. The small 
motor-generator sets at the right fur- 
nish the excitation for the motors. 


sponding to the high pressure. The 
compressed gas, therefore, becomes 
a liquid. The liquid ammonia then 
passes to a receiver, where it is 
stored. From this receiver the liquid 
goes to the expansion coils. Upon 
reduction of pressure it again 
passes into the gaseous form, ab- 
sorbing heat from its surroundings 
in so doing. The gas then returns 
again to the compressor and repeats 
the cycle. 


CHARACTERISTICS OF COMPRESSORS 
AFFECTING MOTOR SELECTION 


The ammonia compressor is simi- 
lar in general characteristics to the 
air compressor. Much of the dis- 
cussion relating to air compressors, 
which was given in the article on 
page 18 of the January, 1926, issue 
of INDUSTRIAL ENGINEER, is equally 
applicable to ammonia compressors. 
The following discussion will, there- 
fore, be confined largely to those 
aspects wherein the ammonia com- 
pressor differs somewhat from the 
air compressor. 

Ammonia compressors may be 
either single-stage or two-stage ma- 
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chines. Two-stage compression offers 
some advantage in higher volumetric 
efficiency, particularly for high-com- 
pression ratios, as during summer 
conditions. It reduces the loss due 
to “inlet heating” or expansion of 
the charge upon contact with the 
warm cylinder walls. It reduces the 
duty on the valves. It renders pos- 
sible inter-stage cooling. However, 
usual water temperatures permit 
only partial cooling between stages. 
Ammonia must be used if it is de- 
sired to cool to the initial tem- 
perature. In the latter case some 
liquefaction occurs. The reduction 
in power consumption through the 
use of two-stage compression may 
range from 3 to 10 per cent, being 
materially less than for air com- 
pressors. 

Ammonia compressors may be 
either single-acting or double-acting 
and are commonly built with one to 
four cylinders. Many of the larger 
units are of duplex design with 
the cylinders either vertical or hori- 
zontal, and the crank set at 90 deg. 

Many ammonia compressors, par- 
ticularly those of older design, em- 
ploy poppet valves. The speeds of 
such units are particularly re- 
stricted. High-speed compressors 
are in reality short-stroke compres- 
sors, having higher r.p.m. but no 
higher piston speed. High-speed 
compressors have low valve lifts and 
commonly use plate valves. Because 
of the low lifts, either more or 
larger valves must be used than are 
required for slow-speed machines. 
Small valve areas lead to waste of 
power. Some of the large ammonia 
compressors operate at speeds as low 
at 72 r.p.m. From this point the 
different types range in speed up to 
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about 240 rpm. It is desirable, 
from the viewpoint of both motor 
and flywheel, that speeds be as high 
as possible. 

An air compressor works between 
approximately constant fixed pres- 


SELECTION of motors and 
auxiliary equipment for in- 
dustrial applications is the 
subject of this series of 


articles by Gordon Fox. The 
first article of this series ap- 
peared in the January issue 
and discussed the application 
of power drive equipment to 


air compressors. The accom- 
panying article supplements 
that discussion and shows 
the additional factors that 
must be considered in apply- 
ing motors to ammonia com- 
pressors. In succeeding is- 
sues will be discussed the ap- 
plication of motors to other 
industrial equipment. 


sures. The intake and discharge 
pressures of an ammonia compressor 
are subject to variation. The in- 
take temperature and pressure are 
governed by the refrigeration load, 
and the discharge pressure is gov- 
erned by the temperature of the 
condenser water, which determines 
the pressure necessary to cause 
liquefaction. 

The commercial unit of refrigera- 
tion or “ton of refrigeration” is the 
heat required to melt 1 ton of ice. 
This equals 288,000 B.t.u. The ex- 
pression commonly refers to the ex- 
traction of this amount of heat in 
a period of 24 hr. 
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The ice-making capacity is ma- 
terially less than the refrigerating 
capacity. The exact value depends 
upon the initial temperature of the 
water, the final temperature of the 
ice and the amount of extraneous 
heat absorbed in process. Ordi- 
narily from 1.8 to 2 tons of refrig- 
eration are required to produce 1 ton 
of raw water ice. 


POWER REQUIREMENTS OF AMMONIA 
COMPRESSORS 


The compressor displacement re- 
quired for a rated ton of refrigera- 
tion depends on the intake and 
discharge pressures. Ammonia com- 
pressors are commonly rated at 
standard conditions corresponding 
to an intake pressure of 15.67 lb. 
gage and discharge pressure of 185 
lb. gage. For refrigerating duty 
to maintain freezing temperatures 
an intake pressure of about 5 lb. 
gage is generally maintained. For 
brine circulation or for ice making 
the intake pressure is from 15 to 20 
lb. gage. 

For conditions differing from rat- 
ing, the capacity of a given com- 
pressor differs materially from its 
capacity under standard conditions. 
The variation of capacity with dif- 
fering conditions is indicated in the 
table on this page. The capacity in- 
creases as the intake pressure in- 
creases in the same manner that the 
capacity of an air compressor 
increases with reduction of altitude. 
The capacity decreases as the dis- 
charge or condenser pressure in- 
creases. 

The indicated horsepower of an 
ammonia compressor per ton of 
1efrigerating capacity under stand- 
ard conditions is about 1.4 to 1.5 hp. 


Variation of Ammonia Compressor Capacity and Power 


Requirements for Different Intake and Condenser Pressures and Temperatures 


10 Ls.—8.5 Deg. 


INTAKE PRESSURES IN LB. GaGE AND INTAKE TEMPERATURES IN Deg. F. ` 


15.67 Lp.—0 Dea. 


20 LB.—5.7 DEO. 


25 LB.— 11.5 Dea. 30 LB.— 16.8 Dea. 
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CONDENSER 
PRESSURE 
AND 
TEMPERATURE 5 LB.—17.5 Dea. 
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145 82 0.66 | 1.11 | 0.74 0.85 
165 89 0.64 | 1.23 | 0.79 0 83 
185 95.5 0.62 | 1.34 | 0.84 0 80 
205 101.4 0.60 | 1.47 | 0.88 0.77 


This table gives the ratio of refrigerating capacity, ratio of horsepower 
per ton of refrigeration, and ratio of resultant horsepower required, for 
different sets of operating conditions as compared with standard conditions 
of intake pressure of 15.67 lb., intake temperature of O deg. F., condenser 
pressure of 185 lb., and condenser temperature of 95.5 deg. F. 
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0.94 | 0.80 1.907 | 0.80 | 0.86 1.24 | 0.71 0.88? |) 1.44 | 0.63 | 0.91 1.63 | 0.56 | 0.92 

1.04 ; 0.87 1.93 | 0.90 | 0.93 1.20 | 0.80 | 0.97 1.34 | 0.72 1.00 1.58 | 0.65 1.02 

1.15 | 0.92 1.00 1.00 1.00 1.16 | 0.89 1.04 1.35 | 0.80 1.08 1.53 0 73 | 1.11 

1 26 | 0.98 0.97 1 09 1.06 1. 12 | 0.99%) 1.11 1.31 0.89 ] 16 1.48 | 0.85 1.26 


by the compressor. 


The columns marked Capacity give the ratio of refrigerating capacity 
of the ammonia compressor; the columns marked Unit Power give the 
ratio of horsepower required per ton of refrigeration: and the columns 
marked ResuLTant Power give the ratio of resultant horsepower required 
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for single-acting compressors and 
1.6 to 1.7 hp. for double-acting com- 
pressors. For conditions other than 
standard the horsepower per ton of 
refrigeration varies both because of 
the change in the amount of am- 
monia to be compressed and also 
because of the differing range of 
pressures between which the ma- 
chine is working. As the intake 
pressure increases the amount of 
ammonia required per ton of refrig- 
eration decreases and the horse- 
power per unit of value compressed 
also decreases. As the condenser 
pressure increases the amount of 
ammonia required per ton of re- 
frigeration increases and the unit 
power also increases. The horse- 
power per unit of refrigeration is 
lowest with high intake pressures 
and low condenser pressures. Inas- 
much as the capacity of a given 
compressor varies at the same time 
that the horsepower per unit of 
refrigeration varies, the resulting 
power requirement of the com- 
pressor depends upon both the 
capacity and the unit power con- 
sumption for each set of conditions 
and does not vary so widely, as will 
be seen from the accompanying 
table. A given ammonia compres- 
sor driven at a constant speed will 
take the least horsepower when 
operating with low intake pressure 
and low discharge pressure. It will 
take the most horsepower when 
operating with high intake pressure 
and high discharge pressure. 

The graph on page 109 shows 
average values of indicated horse- 
power per ton of refrigeration at 
several intake pressures and over 
the range of discharge pressures. 

The motor capacity should be 
about 125 per cent of the indicated 
horsepower for the larger machines 
and from 130 to 150 per cent for 
the smaller machines, rated at 10 
tons or under, based on maximum 
load conditions with respect to the 
range of pressures to be expected. 
Unless otherwise stated it is cus- 
tomary to consider an intake pres- 
sure of 30 lb. and a discharge pres- 
sure of 215 lb. as representing the 
maximum load condition. As con- 
trasted with the air compressor, 
which cannot be overloaded, the am- 
monia compressor may assume an 
abnormal load if the intake and dis- 
charge pressures become abnormally 
high. The motor is, therefore, sub- 
ject to possible overloads. 

The power required for ice making 
is subject to rather wide variation. 
Some plants operating at capacity 
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under favorable conditions produce a 
ton of ice with 40 to 50 kw-hr., 
while the consumption may reach 80 
to 90 kw.-hr. per ton. These figures 
are inclusive of auxiliaries. Many 
factors of design and operation 


may contribute to high power con- 


sumption. Among these may be 
mentioned insufficient condenser 
capacity, dirty condensers, non— 


condensible gases in the system, 
insufficient or warm condensing 
water, insufficient cooling coils, 
necessitating low inlet pressures, 
lack of proper heat insulation, 
leaky pistons, and insufficient am- 
monia charge. As the cost of power 
is a predominant factor in the cost 
of ice manufacture it is essential 
that conditions favorable to economy 
be maintained. The use of metered 
electric power is of great assistance 
to this end. 


METHODS OF VARYING OUTPUT OF 
AMMONIA COMPRESSORS 


It will be observed from the table 
on page 107 that the capacity of a 
given ammonia compressor varies 
with changes of system conditions. 
In refrigerating service the amount 
of cooling effect required will vary. 
In ice manufacture it is also neces- 


No motor bearings are required in 
this installation. 


The rotor of this Electric Machinery 
Co. 75-hp., 180-r.p.m., synchronous 
motor is pressed directly on to the 
compressor crank shaft, the crank 
shaft bearings being large enough 
to carry the additional load. This 
does away with the necessity of an 
outboard bearing on the motor and 
makes the motor very accessible. 
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sary to adjust the output to the 
demand. Several methods are in 
vogue to meet this need of variation 
of output. In many refrigerating 
plants, notably in the case of small 
and moderate-sized installations 
using direct-current motors, some 
form of speed adjustment is ém- 
ployed. In the larger refrigerating 
plants and in ice-making plants it 
is more common practice to install 
several compressor units, often of 
differing capacities, and to operate 
suitable combinations to meet the 
requirements, these units being 
driven at constant speed. In the 
case of duplex compressors it is 
sometimes the practice to discon- 
nect one-half of the unit to halve 
the capacity. This practice is not 
desirable, from an electrical view- 
point, because of the greater torque 
pulsation, the requirement of greater 
flywheel effect and greater current 
pulsation. Some compressors pro- 
vide for operation at partial ca- 
pacities through use of variable 
clearance pockets. These permit re- 
duction to about half capacity. They 
are hand operated. Ammonia com- 
pressors are not commonly provided 
with automatic and complete unload- 
ing devices corresponding to air 
compressor practice. 

In general, the same types of 
motors are adapted to both air and 
ammonia compressors. Alternating- 
current drives predominate, but 
there are many direct-current drives 
also. The synchronous motor is 
the accepted type for most large 
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units, and for manag. of the smaller 
units. Its preference is dictated 
by the same advantages that apply 
to its application for driving air 
compressors. These motors are 
more commonly direct- connected. 
Induction motors are often used for 
driving ammonia compressors of 
small and medium size. This type 
of motor is not practical at very 
low speeds so that short-center belt, 
gear, or chain drives are employed 
to obtain the desired speed reduc- 
tion. The wound-rotor induction 
motor is usually selected. This 
choice may be dictated by the desire 
to vary the speed or by the superior 
starting performance of the wound- 
rotor motor, or by both considera- 
tions. When the compressor is 
started unloaded, the squirrel-cage 
motor may be satisfactory in start- 
ing performance. The wound-rotor 
motor is inefficient at reduced speeds 
and is, therefore, open to objection. 
The brush-shifting type of poly- 
phase commutator motor is well 
suited to the requirements of am- 
monia compressor service where 
speed adjustment is desired. This 
type of motor is also unavailable at 
compressor speeds so that direct 
connection to it is not possible. As 
this type of motor is relatively 
costly its selection must be justifi- 
able on the basis of power economy 
in the event of extensive operation 
at reduced speeds. 

For some of the smaller auto- 
matic refrigerating equipments it 
is desirable that the motor be able 
to start the compressor without 
using a by-pass for unloading. The 
double squirrel-cage induction motor, 
connected directly across full voltage 
in starting, has been successfully 
applied to this service. 

Where direct current is available 
the compound-wound motor is given 
preference for constant-speed service 
because of its superior starting per- 
formances and its better operation 
with fluctuating voltage. Many 
adjustable-speed, shunt motors are 
applied to compressors used for re- 
frigerating duty. A speed ratio of 
2 to 1 or thereabouts is common. 
These motors are commonly ar- 
ranged for belt, gear, or chain drive, 
in which case standard motors may 
be utilized. However, special, slow- 
speed motors for direct connection 
are sometimes used. 

One respect in which the ammonia 
compressor differs from the air com- 
pressor, from the motor application 
standpoint, is the occasional require- 
ment of speed adjustment for re- 
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frigerating duty. This leads to the 
use of motors providing speed con- 
trol, as contrasted with the almost 
universal use of constant-speed 
drives for air compressors. 


SELECTION OF TYPE OF DRIVE 
CONNECTION 


In methods of mechanical connec- 
tion to the motor the ammonia com- 
pressor parallels closely the air 
compressor. The smaller units are 
commonly chain or belt driven, the 
short-center belt drive with idler 
pulley being popular. This arrange- 


ment permits the use of standard, 


1.5 20 25 10 40 
Indicated Hp per Ton of Refrigeration 


The power requirements of am- 
monia compressors vary with the 
intake and discharge pressures. 


Each curve is for a different intake 
pressure. Follow the curve of the 
given intake pressure until it inter- 
sects the abscissa or horizontal line 
representin the given discharge 
ressure, then read down to the 
ottom scale to obtain the indicated 
horsepower per ton of refrigeration 
when working between the given 
intake and discharge pressures. 


moderate speed motors. Belt and 
rope drives were originally em- 
ployed with synchronous motors. 
Later it became the practice to 
couple a self-contained synchronous 
motor, provided with bedplate and 
pedestal bearings. This type of 
installation is shown in the illus- 
tration at top of page 106. It is 
now the prevailing practice to use 
engine-type motors having the rotor 
mounted directly on the compressor 
shaft. In some cases an outboard 
motor bearing is used but this may 
well be omitted as shown in the 
illustration on page 108. In the case 
of duplex compressors the motor is 
commonly located between the halves, 
sufficient space being provided to 
permit the stator to be shifted to 
afford access to the windings. Some 
motors of this type are built with 
the rotor split in halves, the rims 
being clamped together with shrink 
links and the hubs bolted together 
during erection. This practice avoids 
the necessity of pressing the rotor 
on the shaft at either the compres- 
sor factory or the motor factory. 

In the case of direct-connected, 
synchronous-motor-driven units it is 
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a common practice to incorporate the 
flywheel effect in the rotor of the 
motor. Due to the lower speeds of 
ammonia compressors, considerably 
more flywheel effect is required than 
for air compressors. The flywheel 
effect demanded increases very 
rapidly as the speed is reduced. 
Duplex, single-acting compressors 
require much more flywheel effect 
than duplex double-acting compres- 
sors to restrict the current fluctua- 
tion within the prescribed limits. If 
a duplex unit is to operate with one 
cylinder disconnected, and also when 
the cylinders of a duplex unit work 
on different systems with differing 
pressures, additional flywheel effect 
is required. 

Some installations have been made 
in which two enclosed vertical type, 
self-contained compressors have been 
set with their shafts end to end, 
both units being driven by a single 
motor whose split rotor is clamped 
over the two shaft ends forming a 
coupling between units with cranks 
at 90 deg. This permits the use of 
a motor of twice the horsepower of 
a single compressor but having the 
same speed as the smaller motor for 
a single compressor would have. As 
contrasted with two separate units 
this arrangement gives the advan- 
tage of multiple cylinders having a 
smoother torque diagram, allowing 
use of a small flywheel and minim- 
izing the current fluctuation when 
desired. The motor may be shifted 
and either compressor driven singly, 
but with increased fluctuation of 
current. 

The starting duty is more severe 
with ammonia compressors than 
with air compressors. Ammonia 
compressors cannot be unloaded in 
the same manner as air compressors 
but the cylinders can be by-passed. 
Even with a liberal by-pass the un- 
loading is not as complete as that 
of an air compressor. -The by-pass 
is commonly hand controlled. If 
the by-pass connection is not liberal 
in size the starting load may be high. 
The slower-speed motors used for 
ammonia compressors naturally de- 
velop less starting and pull-in 
torques than those of equivalent 
horsepower used for driving air 
compressors. The larger flywheels 
increase the starting torque re- 
quired and render it more difficult 
to develop sufficient pull-in torque. 
Both the starting torque and the 
pull-in torque of the great majority 
of modern ammonia compressors 
fall within the range of 15 to 35 
per cent of full-load torque. 
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COMMUTATORS perform a very impor- 
tant function and must be given a certain 
amount of skilled attention in order to 
keep them in proper condition and avoid 
operating troubles that are expensive and 
annoying. In this article Mr. Weber de- 
scribes some of the methods and devices 
which he used years ago in taking care of 
the commutators on early designs of gen- 
erators and motors, and contrasts them 
with modern practices and equipment. 


Reminiscences of 
an old-timer on 


Development 


and Use of 


Commutator 
Stones 


with pointers on how to 
employ them effectively 
to improve commutation 
and keep commutators in 
good condition 


As related by 
WILLIAM L. WEBER 
Manager, Acme Abrasive Co., Chicago, III. 


In an interview with 
N THESE days of specialized 
| equipment that is as nearly per- 

fect as highly-skilled designers 
with years of experience behind 
them can make it, it is interesting 
to talk over old times with some one 
whose memory goes back to the days 
when all electrical equipment was 
new and its actions more or less of 
a mystery. The services of factory 
experts were not available within a 
few hours, as they are now, and 
there were few, if any, instruction 
books and precedents to follow when 
trouble developed. All that a fellow 
could do was use his wits and trust 
to luck that they would show him 
what to do, and how to do it. 

A few days ago I had the pleasure 
of talking with the old friend whose 
name appears at the beginning of 
this article and who has been work- 
ing with motors and generators and 
all kinds of electrical equipment 
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since some of us were in our cradles 
—or before then. We discussed 
many things; finally the conversa- 
tion turned to commutators and how 
to care for them—always an im- 
portant and interesting subject. 
“You know,” he said, “that back 
in the 80’s we thought that a 
commutator on a 500-light dynamo 
was something tremendously large. 
It is easy to imagine myself back 
in the first central station of the 
Chicago Edison Co., hopping about 
between two 10-in. belts, which were 
driven by the two flywheel pulleys 
of a high-speed engine and operated 
two Edison dynamos with gauze 
wire brushes. I well remember what 
terror seized me when those ‘choco- 
late brown’ commutators suddenly 
presented a ring of clean, raw cop- 
per, caused by the copper brushes 
starting to cut. How I rushed for 
a piece of sandpaper and nursed that 
ring by massaging the commutator 
with the sandpaper and with tallow 
or some other mysterious lotion in 
order to get it back again to that 
much desired ‘chocolate brown’! 
“When I left that job and com- 
menced to work for the Thompson- 
Houston Electric Co., in Chicago, 
whose shops were where the Peoples 
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Gas Building now stands, I was con- 
fronted with about the same commu- 
tator difficulties as I had with those 
multi-numbered and elevated pole- 
piece dynamos which I had just left. 
You remember the Edison dynamos, 
with the high polepieces, the small- 
diameter armature, and the impres- 
sive-looking ‘main switch’ on the top 
of it, right over the brushes, don’t 
you? Well, now my new pets were 
called the ‘Type L. D.’ Thompson- 
Houston machines and while their 
armatures were spherical and larger, 
and the frames were horizontal, still 
the chocolate brown on the commu- 
tator was just as difficult to main- 
tain. Turning a commutator was a 
job, as it was about 10 in. in diam- 
eter and about 12 in. in width. The 
armature had to be removed from 
the dynamo and placed between 
centers in a lathe, and every time it 
had to be done it was easy to hear 
the Prophets advise that this busi- 
ness was ‘hokum’ and would not last 
long. 

“There was one elderly man in 
that shop for whom I had a great 
deal of respect. He was familiarly 
called ‘Archie Demond,’ and only a 
few months ago passed on into the 
Great Beyond. 
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“One day I was sent out on a 
trouble job which turned out to be 
a scored commutator and after look- 
ing it over and returning to the shop 
for instructions, ‘Archie’ told me to 
get a piece of grindstone, run that 
dynamo and grind the commutator 
as smooth as I could until the chain 
gang could bring in the armature. I 
did so and, after a number of hours’ 
work, produced a commutator sur- 
face that was fine and dandy. This 
achievement was looked upon as 
quite original until a man came from 
Lynn, Mass., and confided to us that 
we were doing nothing original at 
all. He had been doing this same 
thing for nearly a year.” 

“News travels faster than that, 
now,” I said. 

“Yes,” he replied, “Can you 
imagine one branch of a company 
doing something for a year before 
the other branch of the same com- 
pany hears of it—today? 

“Something important happened 
about this time. A gauze wire brush 
with a few silver tubes running 
through it, was imported from Ger- 
many. The idea was that the silver 
tubes allowed air to pass through 
the brush to keep it cool, and at the 
same time afforded more rigidity 
than was obtainable in either the 
gauze or copper-leaf brush. It was 
represented that this brush would 
absolutely prevent cutting the com- 
mutator and retain that chocolate 
brown so much sought after. It did 
help some. Why, I do not know. 

“Again something important hap- 
pened. A Boston firm of grindstone 
quarrymen presented a natural 
stone, cut into a rectangular shape, 
to be used in place of sandpaper for 
grinding commutators. With this 
stone it was possible to grind about 
1/82 in. off a commutator with an 
8-in. face and the same diameter, in 
a day. It was looked upon as a great 
thing. Much was said about the 
special grit in this stone, and the 
particular kind of a stone it was, 
and the particular place where it 
was supposed to be deposited by the 
peculiar quip of Dame Nature. 

“Then came another English prod- 
uct, supposed to be found in some 
‘Shire’ on the other side. I had one 
of these in my tool kit and I re- 
member that at one time I lost my 
watch and the commutator stone at 
about the same time, with the re- 
sult that my grieving was directed 
entirely to the loss of the stone. 

“As you know, commutation was 
not developed to its present-day de- 
gree of perfection until someone 
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discovered a method of tapering off 
the abrupt magnetic break between 
the poles of a generator by interpos- 
ing between the polepieces another 
set of magnets which were called 
interpoles. This was a great step 
toward sparkless commutation. It 
reduced the number of times we had 


This shows, A, the proper way to 
hold a commutator stone on the 
face of a commutator and, B, the 
wrong way. 


If the stone is held by the handles, 
as in B, it will have a tendency 
to rock. As a result, the upper and 
lower edges of the stone will be 
rapidly worn away, producing a 
convex surface. 


to smooth up the commutator with 
either a stone, or a large wooden 
saddle with a leather cradle on 
which were bolted a number of 
layers of sandpaper; this was used 
by two men, one at each end of the 
device, pressing down on the commu- 
tator while it rotated. As one layer 
of the sandpaper became worn out 
it was torn off and the next, fresh 
layer came into play. Would you be- 
lieve it, I actually saw this operation 
less than a year ago in a central 
station in a small town in New York! 

“Then came another step — the 
development of the graphite carbon 
brush. This was a real move be- 
cause it actually lubricated the 
commutator while it was in service. 
Today there are many who still be- 
lieve that with the graphite brush 
we have to maintain that ‘chocolate’ 
color, when in realty it is a glazed 
surface, which in itself is an im- 
posed resistance between the brush 
and the commutator bar, and should 
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not be there at all. The heat which 
we once tried to dissipate with the 
tubular German gauze brush is 
caused by the very same chocolate 
brown color. To demonstrate this 
to yourself, let that condition de- 
velop on the commutator of your 
automobile generator and it will quit 
generating. Another vivid demon- 
stration is to remove the glaze on 
a d.c. generator commutator, with- 
out disturbing the field resistance 
setting, and note the voltage in- 
crease on the switchboard voltmeter. 
Note also that the commutator will 
operate at a lower temperature. 

“To realize fully the importance 
of this, count the number of bars 
between brushes, multiply this by 
the r.p.m., and see how small a frac- 
tion of a second each bar is in con- 
tact with the brush. 

„Some adventurous person 
thought that if natural sandstone 
would serve as a cutting stone for 
removing copper from commutator 
bars, why not use the harder, manu- 
factured stone made of emery? It 
was tried, and with poor results, 
because in the first place the emery 
contained metallic particles and was 
itself a conductor of current; the 
small particles lodged between the 
bars, embedded themselves in the 
mica, and caused short-circuits. Be- 
sides, nothing along the lines of a 
satisfactory ‘bond’ with which to 
hold the particles together, had been 
developed. 

“Some years later, in the produc- 
tion of aluminum, by melting 
bauxite clay in an electric furnace 
a sort of clinker was accidentally 
produced through some misad- 
venture of the process; this clinker 
was looked upon as a most unde- 
sirable result of an otherwise good 
purpose. Later this clinker was 
found to be much harder than the 
emery that was being brought all 
the way from Turkey and, not only 
could it be controlled as to hardness 
and crystal form, but it was tougher 
and less of a conductor than the best 
emery mined. We now have various 
forms of this clinker crushed to 
different sizes of grains and known 
by numberless trade names, each 
variety having its own peculiarities. 

„Wheels were made with various 
kinds and with various mixtures of 
the various kinds, bonded together 
with a thousand or more combina- 
tions of bonds. Among the more 
common bonds are shellac, silicate of 
soda, infusorial earths, and the like, 
fired in ovens at various tempera- 
tures and resulting in wheels of 
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different tensile strength for various 
speeds and for cutting numberless 
kinds of materials such as iron, 
steel, brass, copper, rubber, paper, 
etc. The numbers and letters found 
on a wheel, signifying the manu- 
facturer’s recipe for the particular 
mixture and process employed in 
making that wheel, are closely 
guarded as his business secret, and 
there are several millions of them. 
There is no business today with as 
little recorded information relative 
to it as the compounding and manu- 
facture of grinding wheels, razor 
hones and the like. 

„Several types of machines have 
been designed for grinding commu- 
tators with a grinding wheel while 
the commutator is rotating at its 
regular speed, with the idea of thus 
obtaining a surface that is as true 
as it is possible to obtain under 
working conditions, remembering 
the short period of time that each 
brush is in contact with each bar. 

“It remained for someone to think 
of developing a manufactured grind- 
ing block which could be used in a 
stationary position for grinding the 
commutator face while it is turning 
at full speed, thus keeping the bars 
true after being finished. Taking 
advantage of the hard, sharp manu- 
factured grain, and experimenting 
with a bond that would suit the pur- 
pose, have resulted in stones which 
are today capable of removing as 
much copper from the commutator 
face in 30 min. as could be done with 
a natural stone in a day, or more. 
Where a commutator has become 
ridged between brushes, or where 
flat spots have developed, it is now 
possible to resurface satisfactorily 
in much less time than required by 
turning and the final result is su- 
perior because the work is accom- 
plished while under full speed.” 

“In your experience, what are 
some of the difficulties that users 
have encountered with commutator 
stones, and how can they overcome 
them?” I asked. 

„Well,“ he answered, “objections 
have been registered by some plant 
operators to the effect that a commu- 
tator could not possibly be trued up 
with any of the several artificial 
stones, held to the face by hand. On 
the face of it this attitude seems 
reasonable, but when it is remem- 
bered that the process is, although 
old as stated, practically a new way 
to do the job, those who use a stone 
should consult someone who has had 
experience with it, before attempt- 
ing to condemn it. Where flat spots 
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have been developed it will be found 
that when using a commutator stone 
which has a sufficiently ‘large face 
area, these spots will be ‘bridged’ 
because of the rigid nature of the 
stone, and only the high parts of 
the commutator will be ground off 
until sufficient copper is removed to 
permit the stone to reach the lower- 
most surface. The mistake has 
often been made of using a stone 
too small for the job, and thus really 
making the condition worse by 
grinding the flat spots more flat. 
Some manufacturers of these stones 
make them with the face of the 
stone concaved so that the low spots 
are not ground any deeper while the 
stone is wearing its grinding face 
to the curvature of the commutator. 

“The surface speed at which the 
grinding is to be done has much to 
do with the coarseness or fineness 
of the stone used. A stone of this 
kind which seems to give good satis- 
faction at a speed of 5,000 linear ft. 
per min. would wear away faster at 
a linear speed of 1,000 ft. per min. 
The ‘hogging cut’ should be done 
with a coarse stone, and the ‘finish- 
ing cut’ with a fine one. If a cer- 
tain cutting stone does nice work 
with comparatively low stone loss at 
a certain linear speed, and it wears 
away too fast at some other speed, 
or it ‘clogs’ copper at some other 
speed, the particular make of stone 
Should not be condemned. To ex- 
plain what I mean, I will mention 
the experience which many have had 
with a grinding wheel. A certain 
wheel is bought and placed in the 
grinder. It does the work splendidly. 
Later the wheel seems to have be- 
come ‘soft’ and wears away quite 
rapidly. If the r.p.m. of the wheel 
is increased to the point where the 
surface Speed is the same as it was 
when new, it will again behave as it 
did at first. Now here is where the 
commutator stone manufacturer has 
his problem; he must produce a few 
different ‘grades’ which will serve 
over a wide range of speed. If the 
user of commutator stones has had 
trouble and will take the time to 
make a complaint and give the facts 
in the case to the manufacturer, the 
latter will, if responsible, imme- 
diately take back the stone com- 
plained of, and replace it with one 
that will do what is expected of it.” 

What do you recommend should 
be done with a commutator that is 
out of round?” I asked. 

“Where a commutator is worn 
elliptical or egg-shaped, it may be 
trued up with a stone by bolting a 
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shelf rigidly to the brush rigging or 
frame on the down-running side of 
the machine; the shelf should be 
made of 2-in. plank and placed 
within 1% in. of the commutator. 
Now lay the stone on the shelf, hold 
it in position by hand, and allow the 
commutator to ‘swipe’ it at each 
revolution, moving the stone side- 
wise occasionally as a wood turner 
moves his chisel, only much slower. 
I have trued up commutators 8 ft. 
in diameter and 30 in. in width in 
this manner much more satisfac- 
torily and a great deal quicker than 
could have been done by turning. 
After getting the commutator trued 
up, the finish grinding may be done 
free-handed. 

“The manufacturer will advise 
what grades are required if the user 
will give the speed and size of the 
commutator and the width and clear- 
ance between brushes. Very small 
commutators are more easily re- 
moved and trued up in a lathe, but 
they may be maintained in good 
condition if a stone of medium grade 
is used in place of sandpaper; be- 
sides, the stone cost will be less than 
the cost of sandpaper. Collector 
rings, either of bronze, brass, iron 
or steel may readily be trued up 
with stones and the work is ac- 
complished quite rapidly. The 
glassy, hard surface developed on 
collector rings can immediately be 
removed with any one of the several 
makes of stones. 

“Here is something else that is 
worth considering from an efficiency 
standpoint; if the glaze is not al- 
lowed to form on a commutator and 
a high polish is maintained instead, 
the commutator and brush sets will 
operate much cooler. On a.c. motors 
of the slip-ring type, such as are 
used on elevators, if the glaze is re- 
placed by a polish, the inrush of 
current will be reduced considerably 
and the time of acceleration also 
reduced, which results in a saving 
of current. 

“Any of the various makes of 
so-called commutator stones should 
be kept well wrapped up when not 
in use, so that no oil or water will 
get on them. To look at them they 
do not seem to require any care in 
keeping, but many dollars’ worth of 
them have been ruined by improper 
storage between the times they are 
used. They differ much from grind- 
ing wheels and the ordinary, so- 
called grinding blocks. Their pro- 
duction is the outcome of specialized 
study and their uses are many and 
varied.” 
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Specifications for Oil and 
Grease Lubricants 


which includes a brief, non-technical discussion of 
the various characteristics that affect their applica- 


tion and lubricating value 


7 | ~O THE average industrial 
operating man a discussion of 
the specifications and tests of 

lubricants leaves him with a smat- 

tering of statements and terms 
which he often understands vaguely. 

The purpose of this article is to 

clarify some of these ideas, explain 

the terminology, and indicate in a 

general way how the various quali- 

ties affect lubricating value. 

The average industrial plant does 
not have the facilities for making 
oil tests. Plants with chemical 
laboratories under the direction of a 
trained chemist can make such tests, 
provided they buy or contain the 
special oil-testing apparatus which 
is required. Standard methods of 
making tests in this country follow 
the procedure specified by the Amer- 
ican Society for Testing Materials 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


and commonly called the A. S. T. M. 
tests. Specifications or results of 
tests can be made comparable only 
when based on the same standard 
procedure. 

There are many characteristics of 
lubricants which might be described 
and many tests made to determine 
the nature and usefulness of lubri- 
cating oils. It is doubtful, however, 
if after making all these tests of 
an oil, the knowledge gained by an 
operating man would be very useful 
in determining the correct grade of 
lubricant to use for any given prac- 
tical purpose. 

One of the most important quali- 
ties of an oil, which determines its 
lubricating value, is its so-called 
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The satisfactory solution of bear- 
ing problems in industry requires 
the use of a reliable lubricant. 


Interruptions to service, which may 
be due to the failure of a bearing 
because of improper or inadequate 
lubrication, will cause far more loss 
than the cost of a lubricant selected 
for the work and its proper applica- 
tion. This industrial view was 
taken at the Addressograph Com- 
pany, Chicago, Ill. The view of the 
laboratory and other illustrations in 
this article were supplied by the 
Vacuum Oil Co., New York, N. Y. 


“oiliness,” or the ability to cling to a 
metallic surface. This quality is of 
great importance in that it assists 
in the retention of the oil within the 
bearing and also causes it to adhere 
to the rotating shaft firmly enough 
to be carried through between the 
shaft and its bearing. Without 
oiliness the pressure would squeeze 
the oil out from between the shaft 
and its bearing and leave a dry, 
metal-to-metal contact. Also, the 
oiliness of a lubricant affects the 
quality of retaining the oil on a 
stationary bearing so that it will 
not be dry when it starts up. Up 
to the present, however, there are no 
standard A. S. T. M. tests for de- 
termining oiliness. Many men at- 
tempt to estimate this quality of a 
lubricant by rubbing the oil between 
the thumb and finger. Even ex- 
perienced lubricating engineers can- 
not rely upon the assumptions made 
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on the results of such crude tests. 

In spite of the fact that tests do 
not always definitely determine the 
value of an oil for a given purpose, 
it would be well if everyone who 
has to do with the purchase and use 
of lubricants and lubricating oils 
knew what the more common tests 
are and what emphasis is to be 
placed on each. 

For example, it is decidedly to the 
purchaser’s interest when buying oil 
to know that in a great many in- 
stances such considerations as fire 
and flash tests of the oil he is buying 
are of very little consequence; that 
the specific gravity is not of vital 
importance; or that the color of the 
oil does not add to or detract from 
its lubricating value. The purchaser 
should know in a general way what 
these tests signify, so that he will 
not buy oil under the cloak of a 
technical barrage. 

The color of lubricating oils, 
which are refined for many pur- 
poses, is given special attention only 
in the case of a very few lubricants. 
These lubricants may be confined to 
the “bleached” products which are 
repeatedly filtered for the purpose of 
providing a stainless product for use 
in textile work or similar industries 
where it might come in contact with 
the goods and cause damage. Gen- 
erally, after an oil has been in use 
it picks up enough impurities so 
that the colorless qualities of the 
original oil are of little consequence. 
In the end, oil is purchased for use 
and not for looks. Color, however, 
does indicate to a certain extent the 
degree of refinement, neutralization 
and filtering. If an oil does not have 
a stable color after standing it may 
indicate that it is poorly refined. It 


may, on the other hand, indicate’ 


that the container was not clean 
when the oil was placed in it. 
Although color is determined by 
the use of a tintometer by which the 
comparative color values are set 
down numerically, little or no im- 
portance can be given to these 
figures in determining the value and 


correctness of an oil for a purpose. 


Most of the advance in lubrication 
practice has been due to the studies 
made on automobile bearings. 


This view shows a dynomometer 
test. The study of the use of lubri- 
cants by such laboratory tests, the 
results of which are checked against 
practical operation, has given lubri- 
cation engineers a much better 
knowledge of what friction is, how 
it may be reduced, and the effect 
of oils of different characteristics 
under various operating conditions. 
Similar studies and investigations 
have been made in industrial lubri- 
cation problems. 
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In connection with the color of an 
oil, it is interesting to note, how- 
ever, that the darker the oil the 
higher is the number denoting its 
color characteristics. 

It is generally thought that the 
coloring matter in oil is nothing 
more than unsaturated hydrocarbons 
which are susceptible to decomposi- 
tion under heat. Black oils or very 
dark oils naturally contain more of 
the unsaturated hydrocarbons than 
the filtered oils and are, therefore, 
not so capable of withstanding high 
temperatures and severe service as 
are the highly-refined and specially- 
treated oils. 

All oils when subjected to heat, 
such as turbine oils or internal-com- 
bustion engine oils, oxidize more or 
less and immediately change to a 
darker color. This mere darkening 
of the oil must not be interpreted 
as a breaking down of the oil nor 
as a diminishing of its practical 
lubricating value. 


GRAVITY DOES NOT DETERMINE 
LUBRICATING VALUE 


The gravity of an oil is another 
specification which is sometimes 


over-sold as to its relation to lubri- 


cation. The purchaser should always 
bear in mind that he is purchasing 
oils, not to match a set of figures 
denoting the physical characteristics 
of the oil, but for the service value 
of the oil. The gravity of the oil 
is something that is secondary and 
is usually a result rather than a pre- 
determined factor. Refiners do not 
produce oil just for the purpose of 
displaying figures denoting its 
gravity. 

Specific gravity of an oil is the 
weight of a volume of that oil com- 
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pared with the weight of an equal 
volume of water, the comparison 
being made at 60 deg. F. Specific 
gravity may be determined in 
several different ways; the hydrom- 
eter method is the one most com- 
monly used. 

Beaume gravity is an arbitrary 
scale giving direct readings in de- 
grees which denote the density of 
the liquid; the higher the number 
on the scale the lighter the oil is. 
For example, an oil having a Beaume 
reading of 24 deg. has a specific 
gravity of 0.9091, which means that 
the weight of a gallon of that par- 
ticular oil is only a trifle more than 
0.9 that of a gallon of water. Most 
oils are lighter than water, although 
there are a few heavy residual prod- 
ucts which violate this rule. 

The gravity or weight of an oil 
is not a determining factor of its 
lubricating value. Practically the 
only value this test has is to assist 
in determining, in conjunction with 
other tests, the type of crude oil 
from which the lubricant was ex- 
tracted. 

The flash test is made by putting 
a quantity of oil into a vessel and 
raising the temperature at a uni- 
form rate. The temperature of the 
oil in the vessel is carefully noted 
at intervals just before applying a 
test flame to the vapors arising from 
the heated oil. The lowest tempera- 
ture at which the oil vapors flash“ 
momentarily on the application of 
the flame, is the flash point of the 
oil. This flash point is denoted in 
degrees Fahrenheit or Centigrade, 
as the custom may demand. 

The test may be made in an open 
cup or in a closed cup. The flash 
point resulting from the closed-cup 
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test, however, is considerably lower 
than that of the open-cup test be- 
cause the closed cup prevents the es- 
cape of the oil vapors, and a com- 
bustible mixture of air and oil vapor 
is produced at a lower temperature 
than in the open cup. 

The minimum flash point of lubri- 
cating oils is about 300 deg. F. for 
the lightest grades. With increasing 
viscosity the flash point rises and in 
the residual oils may be as high as 
600 or 700 deg. F. The lubrication 
of high-pressure air compressors 
and steam cylinders using super- 
heated steam is about the only type 
of industrial work in which the flash 
point is of any consequence. How- 
ever, most flash trouble in air com- 
pressors can be traced to too much 
lubrication rather than a low flash 
point. Incidentally, the flash point 
is also important in the case of tem- 
pering and transformer oils, al- 
though these applications do not 
come under the head of lubrication 
problems. 

The fire test is conducted in the 
same way as the flash test; the heat- 
ing of the oil is continued until the 
vapors from the heated oil will not 
only “flash” but continue to burn 
when the flame is removed. The 
minimum temperature at which the 
oil ignites and continues to burn is 
the fire point of the oil. This point 
is always higher than the flash 
point. ) 

The flash and fire tests of any 
good grade of lubricating oil are 
sufficiently high for the work for 
which the particular manufacturer 
recommends the product. Flash and 
fire tests are of value in the lighter 
oils, such as kerosene, none of which 
is suitable for use as a lubricant. 
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The pour test of an oil signifies 
the lowest temperature at which the 
oil will flow or pour out of a con- 
tainer. The greatest care should be 
taken in arriving at a result in a 
pour test as it is quite easy to ob- 
tain several different readings for 
the same oil. 

The cold test of an oil is the tem- 
perature at which the oil congeals 
and refuses to flow. This tempera- 
ture is usually a few degrees lower 
than the pour test. The two tests 
are sometimes spoken of inter- 
changeably, but this is erroneous as 
there is a distinct difference between 
the pour test and the cold test. An 
oil that has a pour test of 10 deg. 
F. might have a cold test of 5 deg. F. 


LUBRICANTS FOR OUTSIDE USE RE- 
QUIRE A LOW COLD TEST 


A variety of devices is used to de- 
termine the cold test of an oil. How- 
ever, an ordinary test tube is quite 
satisfactory. The oil should be 
placed within the tube and cooled 
slowly and the temperature noted on 
a thermometer which is placed in the 
oil. The lowest temperature at 
which the oil will still flow when the 
tube is tilted is the pour test of the 
oil. Careful observation and some 
experience are required to make this 
test of value. The cold test is, of 
course, noted at a little lower tem- 
perature When the oil loses its mo- 
bility and assumes the aspect of a 
solid. 

The cold test is only important 
when fluidity is demanded under 
low-temperature conditions, as in 
outdoor service, such as railway 
work, quarrying and mining or any 
work in which machinery is used 
under low-temperature conditions. 
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Another section of the testing 
laboratory where oil problems are 
studied. 


Standard tests are established by 
the American Society for Testing 
Materials for determining the va- 
rious characteristics of oils. Many 
of these tests require special appar- 
atus and considerable care and ex- 
perience to get reliable results. 
Industrial plants which desire to 
test their oils and do not have a 
latoratory and trained chemist, may 
have their tests made at commercial 
laboratories. 


Drives and oil bearings on convey- 
ors, pumps and other equipment 
which is often placed in unheated 
and poorly-sheltered locations should 
receive the same attention in winter 
time as an automobile, and have the 
oil changed. An oil intended for 
indoor use will cause a heavy fric- 
tion load, particularly at starting 
time, if used in exposed locations in 
winter. Refrigerating machinery 
presents a low-temperature service 
problem where a high-grade, low 
cold test oil is an absolute necessity. 

The volatility or evaporation loss 
of an oil is sometimes determined. 
This loss is evidenced in the loss of 
weight of the oil when the oil is 
exposed to high temperature for a 
specified time. In order to make 
this test, the oil is placed in an open 
vessel, heated, and maintained at a 
definite temperature. The difference 
in weight between the original oil 
and the remaining quantity of oil is 
the evaporation, which is reported 
as a percentage loss. 

There are so many variables 
present in testing for volatility that 
the test is not likely to be very ac- 
curate. The nature of the container, 


the method of heating the oil, and 


the atmospheric or barometric pres- 
sure at the time of making the test, 
all enter into the final results. The 
volatility test is quite unimportant 
in lubricating oils, as any good 
grade of oil over 300 deg. F. flash 
point will have a volatility loss that 
is practically negligible. 

The specific heat of an oil is a 
measure of the quantity of heat re- 
quired to raise the temperature of 
1 lb. of oil 1 deg. F., as compared 
with the quantity of heat required 
to raise the temperature of 1 lb. of 
water 1 deg. F. The specific heat of 
a lubricating oil is not of serious im- 
portance as regards lubrication 
itself. When lubricating oils are 


used for heating baths, fluid medi- 


ums and other similar purposes, 
specific heat may then become a 
factor as a heat transfer medium. 
However, it is interesting to note 
that the specific heat of oil is about 
one-half that of water, but varies 


116 


with the viscosity, temperature and 
gravity, and with the different types 
of oils. 

The body or viscosity of an oil is 
probably the test which the pur— 
chaser is most interested in and the 
one upon which he will very likely 
select an oil for a specific job. This 
test is conducted by means of a 
viscosimeter. In this country, the in- 
strument used is the Saybolt viscosi- 
meter, while Great Britain uses the 
Redwood, and continental Europe 
the Engler. The Saybolt readings 
are tabulated in seconds of time, and 
the Redwood and Engler in degrees. 

Briefly, viscosity is the time in 
seconds required by a given quantity 
of oil to flow through a standardized 


orifice at a definite temperature. 


This is the Saybolt method of meas- 
urement and is probably the most 
widely used. Viscosity readings are 
ordinarily taken at various tempera- 
tures between 100 deg. F. and 210 
or 212 deg. F. 

It must not be supposed that be- 
cause two oils have the same read- 
ings at say, 100 deg. F., they will 
also have the same viscosity at 160 
or 180 deg. F. Some oils, due to 
their origin and blending, retain 
their body better than other oils 
which are apparently the same. 
Such oils may have a lower viscosity 
at the lower temperature and a 
higher viscosity at the highest tem- 
perature; that is, a more constant 
body is retained by the oil over a 
wide range of temperatures. This 
characteristic is very desirable in 
a lubricating oil, especially for con- 
ditions where there are fluctuations 
of temperature. At the lower tem- 
perature, the internal friction of 
such an oil is relatively low, whereas 
at the higher temperature the same 
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oil will maintain its body and 
lubricating capacity. Wide range of 
viscosity due to temperature fluctua- 
tions is generally an undesirable 
feature of a lubricating oil and one 
that should be avoided as far as 
possible. This is not so essential 
when selecting an oil for a definite 
operating temperature. 


How VISCOSITY AFFECTS THE USE 
OF THE LUBRICANT 


Lubricating oils vary in viscosity 
from 60 sec. Saybolt to over 3,000 
sec. at 100 deg. F., beyond which the 
oils assume the consistency of semi- 
solids. The lighter oils are used for 
light, high-speed work where small 
clearances are the rule. As they in- 
crease in body, they find their use- 
fulness in the slower and heavier 
work where the clearances are larger 
and where a thicker film of oil is 
necessary. 

Viscosity of an oil is sometimes 
an indication of its fitness for a 
particular job. For example, a bear- 
ing with no mechanical imperfec- 
tions, may run quite warm when an 
oil of a certain body or viscosity is 
introduced. When an oil of a little 
lower viscosity is introduced, the 
temperature of the bearing will drop 
many degrees. This drop in tem- 
perature is due to the lower friction 
loss in the oil itself. The lighter 
oil having less internal friction 
naturally absorbs less power as the 
shaft rotates and consequently pro- 


Economical manufacture of stand- 
ard quality products is studied 
in experimental refineries such as 
are shown here. 

These illustrations show two ex- 
perimental distilling units where 
actual refining processes are carried 
on in miniature and the product 
produced under properly controlled 
laboratory methods. 
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duces less heat. Such power losses 
quickly run into money losses in 
terms of unnecessary power or fuel. 
High bearing temperatures may be 
due to the use of oil of a viscosity 
unsuited to the work and are not 
necessarily indications of imperfect 
mechanical conditions or abnormal 
pressures. 

For steam cylinder lubrication, 
the viscosity of the oil is an im- 
portant factor. Steam pressure and 
temperature, the speed of the en- 
gine, the load and consequently the 
volume of steam passing into the 
cylinder, are factors in determining 
the body of the oil to be used in the 
cylinder. In the first place the oil 
must be easily atomized; it must be 
broken up by the steam and dis- 
tributed to all internal parts requir- 
ing lubrication. It must not have 
too heavy a body to do this. Next, 
it must seal and lubricate the valves, 
piston, and cylinder walls so that the 
full power of the steam may be 
utilized in pushing the piston for- 
ward. These two factors must be 
considered carefully in selecting the 
steam cylinder lubricant. Viscosity 
enters into the selection to the ex- 
tent that the oil will neither be too 
heavy to be distributed by the steam 
nor too light to seal the piston and 
lubricate the parts. 

Lubricating oils made from West- 
ern crudes are high in viscosity at 
low temperatures as compared with 
oils made from the Eastern crudes, 
but they decrease in viscosity much 
faster as the temperature is in- 
creased. The first mentioned are 
asphaltic base oils, whereas the 
Eastern crudes are paraffin base oils. 

Selecting a lubricant for a par- 
ticular service is a task which calls 
for a thorough knowledge of lubrica- 
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tion and of the source and manu- 
facture of the oil. Since viscosity 
is the most common characteristic 
used in selecting an oil for any par- 
ticular purpose it is well to keep in 
mind that the oil which should be 
used depends upon the temperature 
of the bearing, the pressure on the 
bearing, the speed, the type of bear- 
ing, and the method of application. 
The following generalizations may 
be made: 

(1) High pressure requires high 
viscosity oil. (2) High temperature 
requires high viscosity oil. (3) 
High speed requires low viscosity 
oil. It is obvious that many installa- 
tions necessitate a compromise on 
these factors, particularly when it 
is remembered that additional com- 
plications arise due to the type of 
bearing and method of application. 
In general it is well to select an oil 
which is of medium viscosity, as be- 
tween the heavy and light viscosities 
which would be indicated as desir- 
able by the three generalizations 
mentioned. 

While viscosity is one of the more 
important tests“ or specifications of 
lubricating oils, it should be remem- 
bered that, after all, it is merely 
an indication of the fitness of an oil 
for a job. It is in no sense a guar- 
antee that the right oil has been 
selected. 

Oils that are subject to’long, con- 
tinuous use, as in circulation sys- 
tems of steam turbines, or steam 
engines, or in the crankcases of 
internal combustion engines where 
there is likely to be contamination 
with water or other impurities, must 
have a special quality that resists 
the formation of an emulsion. This 
means that compounding of mineral 
oils with animal or vegetable oils is 
prohibited, as these oils emulsify 
readily when mixed with water. 
Mineral oils, on the other hand, do 
not mix easily with water but even 
with what is known as “straight 
mineral“ oil, there is a difference in 
the resistance to water contamina- 
tion, technically known as demulsi- 
bility.” 

Only high-grade oils, especially 
treated and manufactured will re- 
sist the tendency to emulsify. With 
proper care they will retain their 
original characteristics over long 
periods. 

The demulsibility test is a meas- 
ure of the tendency of the oil to 
separate from water and is useful 
only in determining the separating 
qualities of oils manufactured es- 
pecially to resist emulsification in 
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service. It is only one of many 
testing methods in use by the oil 
refiner in producing oils for lubricat- 
ing purposes. 

There are other tests which are 
more a problem for the oil chemist 
than for the purchaser or user of 
oils. For instance, the acidity test 
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Problems in connection with trans- 
former oils are studied in this part 
of the laboratory. 


While transformer oil requirements 
differ somewhat from those required 
for lubricating oils, some of the 
testing procedure and the specifica- 
tions are based on similar tests for 
both. One of the tests of particular 
importance for a transformer oil is 
the sludge test, which indicates how 
long an oil will stand up without 
the formation of a sludge which 
would decrease its insulating value. 
Also, a transformer oil must be well 
neutralized. 


is used to determine what, if any, 


acids may be present as a result of 
adulteration or improper refining. 
An oil which has not been well neu- 
tralized will sometimes change its 
characteristics during use or stor- 
age. Freedom from acidity is im- 
portant in Diesel engine lubrication. 

The sludge test, which determines 
the tendency to form a sludge, has 
comparatively little bearing on 
lubrication, but is of interest to the 
manufacturer and important in de- 
termining the insulating life and 
value of transformer oils. The 
breakdown test, which indicates the 
temperature at which the oil begins 
to “crack” and “break down” into 
lighter and more volatile oils, is of 
little value in that practically none 
of the lubricants will break down 
under 650 deg. F., which is far above 
the temperatures encountered in 
ordinary usage. This test is, how- 
ever, sometimes made on turbine 
oils. 

Such tests require the services of 
an expert chemist. They cannot be 
properly classified under the term 
“specification,” although they have 
to do with the nature and make-up 
of the oil. 
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Greases are not tested in the same 
way that oils are, owing to the great 


differences in their nature and 
characteristics. Instead of speaking 
of viscosity“ when referring to 


grease, the term “consistency” is 
used. The only quality tests that 
can be conducted on greases are 
those for determining the presence 
of free acid or alkali. Such tests 
do not establish the lubricating 
value of a grease nor do they indi- 
cate the uniformity of the product. 
It can only be said that uniformity 
is not so readily determined in 
grease products as it is in lubricat- 
ing oil products. 

It is evident from the foregoing 
paragraphs that the chemical and 
physical tests which are applied to 
lubricants, especially to oils, in no 
way evaluate the oils as lubricants. 
Lubrication in the true sense of the 
word demands more than the appli- 
cation of an oil to a bearing or other 
machine part that may require oil 
so that the machine will run with- 
out wear or renewing of parts; that 
is only one phase of the industrial 
problem. 

True lubrication is the application 
of the oil: (a) for the maintenance 
of a complete and perfect film; (b) 
for the maintenance of the perfect 
film with the minimum of friction 
and power consumption; (c) 
economical application. 

The solution of the lubrication 
service problem does not lie in se- 
curing oils answering to a certain 
set of specifications. It does not 
consist of a comparison of several 
sets of specifications and selection of 
the oil for the job by theoretical 
analysis. 

Bearing lubrication is a practical 
problem and one that is solved best 
by the study and observation of the 
practical use of lubricants under 
conditions of actual service. This 
involves the practical demonstration 
of the suitability of the oil for the 
work, its ability to meet the condi- 
tions of service, and its capacity for 
continued performance over a period 
of time. The correct oil for a pur- 
pose is the result of the study of 
lubrication problems and the de- 
velopment of a lubricant to satis- 
factorily meet the conditions when 
used properly. 

In order to produce oils uniformly, 
the manufacturer must gage his 
product against certain standards or 
specifications which are determined 
by tests, so that when the customer 
buys a brand of oil, whether it be 

(Please turn to page 133) 
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Power Service Layout for 


Small Motor 


Drives 


including features of the electrical distribution 
system, the manner of mounting the motors, and 
the types of control and drive connections used 


LTHOUGH laying out a power 
A service installation for a large 
group of machines requiring 

only small amounts of power may 
not seem as difficult as the power 
layout for the usual mill or factory, 
still there are many questions to be 
considered, upon the solution of 
which rest both the size of initial 
investment required and the econ- 
omy of operation after installation. 
The Brooklyn plant of Library 
Bureau furnishes an interesting 
example. In this installation care- 
ful consideration was given to these 
factors by MacNutt, Watts, and 
Tankard, electrical engineers and 
contractors of New York, N. T., 
who designed and erected the in- 


By FRANCIS A. WESTBROOK 
Consulting Engineer, New Canaan, Conn. 


stallation of motors and power drive 
equipment described in this article. 

Library Bureau is a manufacturer 
of card catalog and filing systems, 
and various office equipment. The 
Brooklyn plant of this company 
specializes on printing and paper 
products; hence this plant is much 
in the nature of a printing establish- 
ment although it does not have the 
large presses found in many job 
printing and newspaper plants. 

As might be expected, the power 
requirements of the individual ma- 
chines are very small—in only three 
instances do they exceed % hp. per 


8 


Fig. 1—Belt drives are used almost 
exclusively in this plant. 


Individual drive is used throughout 
and belt drive is an economical 
method of reducing the high motor 
opora to the low speed required at 

e presses. Note the use of pedes- 
tals for mounting the motors and 
the convenient location of the motor 
starting switches with reference to 
the machine operators. 


machine, as may be seen from the 
accompanying table showing the 
sizes of motors for the various ap- 
plications. Also, most of the ma- 
chines occupy considerable space, 
compared to the size of the motor 
used. These factors had a decided 
bearing on the type of drive that 
should be used. Group drive was out 
of the question because the friction 
losses would be as large as the load 
itself. Also, many of the machines 
require from 12 to 15 different 
speeds; hence individual drive was 
used throughout and in most cases 
the motors were connected to the 
machines by belts except where ex- 
tremely low speeds were required, 
when back-geared motors were belt- 
ed to the machines. The problem 
then was to supply a large number 
of small power services. 

The building which houses the 
plant is a new concrete structure 
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and is provided with conduit built in 
during construction. Outlets are 
provided on each floor at practically 
every post and pilaster on the floor. 
This feature greatly simplified the 
conduit layout as it was necessary 
to provide only the conduit running 
from these outlets to the individual 
motors. 

Three-phase, 220-volt power was 
brought into the basement as shown 
in Fig. 2. A cabinet encloses the 
switches controlling the power and 
light supply as well as their respec- 
tive meters. The supply then passes 
through the large distribution cab- 
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No. 10 Chandler & Farquhar punch. 


resses 
J. T. Robinson rotary board cutters.. 
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Motors, Control, and Drive Connections Used 
in a Printing Plant 


NAME OF MACHINE 


10-in. Saw table 


Small drill 
Dewey ruling machine 
Hickok ruling machines 


Dewey punches 
Tabbing machines 
E-1 Harris p 


J. T. Wright paper drill 
26-in. Rotary board cutter 


14 -in. Auto feed rotary board cutter... 


Small punch 
Intertype machines 


g 


S2858 | S5858 S888 


tt et pt et p — — 


Squirrel cage 
Squirrel cage 
uirrel cage 
ound rotor 
Wound rotor 


Squirrel cage 


Squirrel cage 
Squirrel cage 
Wound rotor 


Squirrel cage 


Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 


. start. switch 
. start. switch 
. Start. switch 


sw. & sec. res. 
. sw. & sec. res. 


. start. switch 
start. switch 
. start. switch 


inet shown at the left of the illus- 717171... ßßßßßße bile Hd koera 


tration. Two sets of buses will be 
noticed; the set on the left is for 
the three-phase power supply, while 
the set on the right distributes the 
lighting supply. Individual feeders 
starting from fuses connected to the 
buses go to each floor through verti- 
cal conduit runs from this panel. 
On each floor is a polarized panel 
box similar to the one illustrated in 
Fig. 3. A polarized panel box is 


12x18 Miller feeder press equipment. . . 
10x15 Miller feeder press equipment... 


F. Wesel Prof. press 
Multi-color auto feed press 
15x21 Golding job presses 
8x12 Golding job presses 
12x18 Golding job presses 


8x12 Golding job presses 
7x11 Golding job presses 
10x15 Thomson press 


Miller saw trimmer 

Metal edge box machine 
Sheridan cutter 

Miehle vertical presses 
Hoole numbering machines 


8888 88885 


bt pt pt et pe 


HEE 


Squirrel cage 
Squirrel cage 
2 Naa cage 

ound rotor 
Wound rotor 


Wound rotor 


Wound rotor 
Wound rotor 
Wound rotor 
Wound rotor 


Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 


. sw. & sec. res. 
. start. switch 

. start. switch 
. start. switch 


Man start switch refers to a manually operated motor starting switch, which throws the motor across 
the line without fuses and afterwards cuts in the fuse protection. 


one in which all wires of one phase Sec. res. given in the control column, refers to the rheostat in the rotor circuit of wound rotor motors 
and is for speed control. 


ere groupes eee Th Ter 57 motors in this installation. Only the types of applicati listed, th 
: e are a total o motors in this ins ion. y the types of applications are , the 
tration each door opens into a com- un of makes under each application not being included. s | 


partment housing the fuses and bus r 

for one phase. The panel box, shown 
on top of the floor to the individual 
machines, as shown in Fig. 1. In 


in the illustration, is centrally lo- 
cated on the fifth floor and has 40 

most instances the conduit could be 
laid on the floor so as to be parallel 


circuits. This type of box saves 

space, especially where induction 
to an aisle of machines, as shown in 
Fig. 1. Placed in this way the con- 


motors, requiring three wires, are 

used. From these distribution 

panels, conduits radiate to outlets on duit does not obstruct traffic in the 
aisles and the conduit on the floor 

between machines causes no more 


the posts and pilasters on the floor. 
These outlets are placed approxi- 

trouble than the motors and other 
equipment around the machines. 


Figs. 2 and 3—Distribution cab- 
inets form the backbone of the 
power wiring on this job. 


The service entrance is shown in the 
switch and meter cabinet in the 
illustration at the left. The left- 
hand switch is for the lighting serv- 
ice while the switch at the right 
controls the power service. Leads 
from the power switch run to the 
left-hand set of busbars in the dis- 
tribution cabinet, from which run 
feeders to the various floors of the 
building. Polarized distribution cab- 
inets, as shown in the right-hand 
illustration, distribute the individ- 
ual circuits on a given floor. 


mately 6 in. above the floor level. 
From these outlets conduits are run 
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Where conduit crosses an aisle, a 
shallow trench was cut in the floor, 
the conduit placed therein and 
covered with cement. 

After going across the aisle, the 
conduit was carried on top of the 
floor. Three-way or “T” conduit 
fittings were used for junctions to 
motors and control. 

Rigid conduit was used through- 
out except for the short stretch of 
flexible conduit connecting the con- 
duit fitting on the motor to the rigid 
conduit. This may be seen in Fig. 1. 
One of the presses in the immediate 
foreground has been temporarily 
moved away—its motor can be seen 
standing second from the right in 
the foreground. 

The arrangement used for enclos- 
ing the motor leads can be seen on 
this motor. These motors were not 
equipped with fittings to enclose the 
motor leads and receive the conduit; 
so an ordinary knockout box, having 
a hole large enough to go over the 
outlet for the stator leads, was bolted 
to the stator frame by means of four 
machine screws. One of the punch- 
ings was knocked out of the side of 
the box towards the rotor leads (in 
the case of a wound-rotor motor, as 
shown in the illustration) and a 
piece of flexible conduit connected 
thereto and to the end bell through 
which the rotor or slip-ring leads 
passed. A punching was knocked 
out of the top of the box and flexible 
conduit was run from this point to 
the rigid conduit. All splices were 
made in the knockout box. 

Most of the motors were mounted 
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on the concrete floor, as shown in 
Figs. 1 and 4. A few, however, were 
mounted on the frames of the ma- 
chines themselves, as shown in Fig. 
5. The linotype machines have 
special bases provided on the frames, 
as also do some of the smaller 
presses which have a friction drive 
through a belt working over an 
idler, and pressing against part of 
the periphery of a flywheel, as may 
be seen in the center of Fig. 1. 

Some of the motors for the presses 
were mounted on pedestals as can be 
seen in Fig. 1. These pedestals are 
very simple, consisting of two 6-in. 
pipe flanges, a short length of 6-in. 
pipe and two pieces of strap iron. 
The pipe was threaded and one 
flange screwed tightly to each end. 
One flange was then bolted to the 
concrete floor and the two pieces of 
strap iron bolted to the other flange 
to form a base on which the motor 
slide rails were mounted. 

From the accompanying table it 
will be seen that three standard 
motor speeds were required: namely, 
900, 1,200 and 1,800 r.p.m. With 


Figs. 4 and 5—Drive arrangements 
for automatic cross cutters and 
high-speed card presses. 


At the left is shown the use of 
back-geared motors belted to cross 
cutters used for cutting cards. The 
motors are mounted directly on the 
floor and in under the machines to 
save floor space. The same idea is 
carried out in the right-hand illus- 
tration, showing the complete power 
drive equipment for the high-speed 
card presses mounted on an angle- 
iron frame which is bolted to the 
machine base. The rheostat for 
varying the motor speed may be 
seen mounted on this frame directly 
behind the motor starting switch. It 
is operated from the front. 
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the exception of the presses and 
ruling machines, these motors are of 
the constant-speed, squirrel-cage 
type and are belted to their respec- 
tive drives. The presses require ad- 
justable speed, in some cases as 
many as 12 or 15 different operat- 
ing speeds, depending upon the char- 
acter of the work being done. 
Wound-rotor induction motors were 
provided for this service. 

The class of labor that operates 
these machines is of a high order of 
intelligence; so it was unnecessary 
to reduce the control methods used 
to a matter of push-button switches. 
Manually-operated, across - the - line 
starting switches are provided for 
all motors, as may be seen in Figs. 
1, 4 and 5. In addition, the variable- 
speed motors are provided with a 
manually-operated rheostat which 
increases or decreases the resistance 
in the rotor or secondary circuit to 
obtain the desired motor speed. 

Inasmuch as all of the drives are 
through belts, with the addition of 
a few back-geared motors, it was 
necessary to provide guards. In all 
cases these were made of coarse wire 
netting formed over strap-iron 
frames. Good examples of these 
guards are seen at the left of Fig. 1 
and at the right of Fig. 4. In the 
case of the Harris presses (shown in 
Fig. 5) it was possible to mount the 
motor, starting switch, and speed 
control rheostat all on one frame, 
which was fastened to the base of 
the press. It was then a simple 
matter to run a wire netting guard 
around the short stretch of belt. 
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Here are some 
practical ways for 


INDUSTRIAL ENGINEER 


Recording Rewinding Data 
for Cross Connections 


together with the details of typical jobs on which 
accurate information is essential when laying out 
and checking up a new winding ‘ 


By A. C. ROE 


Renewal Parts Engineering Dept. Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 
D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


N THE article that appeared in 
1 the January, 1926, issue of IN- 

DUSTRIAL ENGINEER, some prac- 
tical rules governing the use of cross 
or equalizer connections were given. 
In this article examples of the appli- 
cation of the connections are pre- 
sented, together with methods of 
recording rewinding data for special 
machines, as an aid to the winder 
when checking rewound machines 
with the original winding and also 
when laying out a new winding. 

In Fig. 1 the winding data are 
given for a 300-kw., ten-pole, three- 
phase, 60-cycle, 720-r.p.m. rotary 
converter, having 120 slots, 360 bars 
and three coils per cell. This wind- 
ing also has three a.c. collector rings 
with five taps per ring, as will be 
explained under rotary converters. 
The data in Fig. 1 apply to a wind- 
ing that has the cross connections 
behind the commutator in the form 
of a two-layer winding as shown in 
Fig. 1 of the January, 1926, issue 
and the small sketch at A in Fig. 1 
of this article. 

The procedure for taking and 
checking the data, for cross connec- 
tions is outlined in what follows: 
Disregard the taps to the collector 
rings or consider this as a lap wind- 
ing with cross connections only. By 


Fig. 1—This is the winding dia- 
gram of a 300-kw., ten-pole, three- 
phase, 60-cycle, 720-r.p.m. rotary 
converter having 120 slots and 360 
bars with 360 cross connectors. 


Fig. 2—Diagram for recording re- 
winding data for 1,000-kw., eight- 
pole generator with lap winding in 
120 slots, 360 bars, three coils per 
cell. Every other slot is cross- 
connected. 


inspecting the commutator necks or 
risers, the cross connection taps can 
be located, and the spacing noted. 
Then select’any one bar that has an 
equalizer connection attached to it 
and trace out the coil that connects 
to the bar. If the machine is less 
than 100 per cent equalized then 
check the strap (that is middle, etc., 
single coil) that connects to the 
equalizer bar. Trace out the com- 
plete coil and mark the top and bot- 
tom slots and then draw a sketch 
like Fig. 1 showing the armature 
coil. Next, with a test light find the 
other end of the cross connector, 
which will be the number of bars 


-145-217-289 
169-4! -313 
-133 -25 -337 


- Middle strap in eoch shot with numbering night to lef? 
far bottom coils equivale Hobie ates 
EZAMI 


121 


THE CROSS or equalizer 
connections provide a factor 
of safety against circulating 
currents between brushes of 
like polarity, due to changes 
in the magnetic field of a di- 
rect-current machine caused 
by bearing wear or other con- 
ditions that make the arma- 
ture operate in unequal mag- 
netic densities under the dif- 
ferent field poles. Equalizer 
connections are mostly used 
on large machines with lap 
windings or with wave wind- 
ings having more than two 
circuits. In some rotary con- 
verters the collector rings and 
their taps to the winding are 
used as cross or equalizer 
connections also. In other 
cases the spacing of the alter- 
nating-current taps is differ- 
ent from the cross connector 
spacing. These details are 
discussed in the examples 
presented in this article. 


e 


divided by pairs of poles on either 
side of the bar selected. Then line 
out from the bar to which the other 
end of one cross connection is at- 


as 7 
Ring A fo slots -1-25-49 -73-97 - 
e Be « -9-33-57-81-105 
e Ce © -i7-4-65-89-13 
Tap coils have \ ond 9 pitch 
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tached, to the slot on a line with this 
bar and mark it off on the sketch as 
shown. Also locate the center line 
of the cross connector on a bar and 
slot, etc. 

If the keyway in the shaft is in 
view, it is better to find the slot or 
tooth that is on the center line of 
the keyway. Then use this in locat- 
ing a data coil. This will be shown 
later. | 

In Fig. 2 is shown the method of 
recording the rewinding data for a 
1,000-kw. generator, eight poles, lap 
winding, 120 slots, 360 bars, three 
coils per cell, coil pitch 1-and-15. 
The cross connections, at the rear of 
the armature are as shown in Figs. 
6 and 7 of the January, 1926, issue. 
In this case slot numbers are used 
in locating the cross connections as 
indicated in the table of Fig. 2. The 
spacing in bars or single coils, is 
l-and-7, the connector pitch being 
120-430 in slots and 3604290 
in bars. Note the method of indi- 
cating the cross connector data at 
the rear end of the armature. The 
dots each represent a slot and the 
numbers of slots are the ones to 
which a connection is made to the 
middle strap in the slot indicated. 

Figs. 3A, 3B and 3C illustrate the 
method of recording rewinding data 
on a difficult job: namely, the arma- 
ture of a large, single-phase, series- 
type motor. The armature has re- 
sistance leads and cross connections 
in the form of nine rings at the rear 
end, similar to Fig. 5 of the Janu- 
ary, 1926, issue. Fig. 30 shows that 
the winding uses half-coils, the rear 


— 


Figs. 3 and 4—Rewinding data for 
a large single-phase motor having 
resistance leads and cross connec- 
tions in the form of nine rings. 


Fig. 4 shows the construction of 
the resistance leads used as indi- 
cated in Fig. 30. 


Figs. 5 and 6—Rewinding data for 
single-phase armature using re- 
sistance leads as half-coils and 
cross connections. Fig. 6 shows 
another way to record data for this 
winding. 
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A special clip is used for the 


clips. 
cross connectors, as shown in Fig. 
30. The sketch also shows that the 
coils are connected to the commuta- 
tor through resistance leads placed 


in the bottom of each slot. These 
resistance leads are made of ger- 
man silver or other resistance alloy. 
Those shown in Fig. 8C are made 
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Fig. 7—In A is shown a rotary 
converter armature, with four col- 
lector rings, for a 250-hp., two- 
phase, 12-pole machine. In B, 
showing the rear end of the arma- 
ture, the a.c. taps from the bottom 
of the tap coils and also the spac- 
ing of these coils can be seen. 


from flat ribbon bent over flat and 
a piece of insulation placed between 
the folds. Fig. 4 shows the method 
of folding. View A shows the flat 
strip with the top and bottom leads 
punched out. It is next folded along 
the dotted line, as in B, which shows 
the top view of the folded piece and 
the insulation between the folds. C 
is the front view. Six of these are 
tapped together to form a winding 
unit. Fig. 30 shows the coils are 
joined together on the front (com- 
mutator) end with clips in such a 
manner as to give the same results 
as though the coil ends were placed 
in the commutator necks; that is, a 


4 Cl. on tooth between slots $an§ 


2 mica 


aten CL. Pole 
bars y j 


A 
| &ieprserepdi S 
commuroro- 
Fig.3C 


C. or pole and brush 


cross connect tap to bar I 


fo TN Resistance head in bottom of slot-7 
Pa, I dine up with bottom coils in slot-7 
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Fig.5 
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Single -phase, 6-pole winding with 42 slots, 252 bars 
7 cross cennecting rings used 
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continuous circuit. Thus the arma- 
ture circuit is closed through the 
clips and only the resistance leads 
that are connected to the bars in 
contact with a brush are in circuit 
at any one time. 

In taking data on a winding of 
this type it is best to work down- 
ward; that is, start with any one top 
coil. Mark the slot No. 1, and con- 
trary to previous instructions, make 
the slot numbers run clockwise. 
Then find the center line of this top 
group of coils and make a sketch 
showing the steps made. At the 
same time note the equalizer connec- 
tions and make necessary notations. 
Then mark the slots and clips and 
remove enough top coils to expose 
the bottom coils to view. Next, from 
the marked clips and slot, trace out 
the corresponding bottom conductors 
and fill in the sketch; also mark the 
slots. Next hold a test light on the 
front clip that the top strap (No. 1) 
is connected to and with the other 
test lead explore the commutator 
until a light is found on one bar 
only. This will locate bar No. 1. 
The next step is to locate the slot 
that contains the resistance leads in 
contact with top coils 1, 2, 3, 4, 5, 6. 
First mark the clips 1, 2, 8, etc., to 
correspond with the top strap mark- 
ing. Then lift enough bottom coils, 
working back towards slot No. 1, to 
expose the resistance coils. It is then 
an easy matter to trace out and note 
the slot that contains the leads. In 
this case, the resistance leads in slot 
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es colector ring taps- 
Ring pitche cf. Borland 37 
Colector pitch e 144/24 = borland 7 


Cross connection pitch = jag. Ba- land I 
Every other coil cross connected except 
when collector tap is on third coil— 
see Sketch 
Cross Connecho 


Fig. 8—Diagram and data for 
eight-pole, six-phase rotary con- 
verter with 144 slots and bars. 


Coil pitch is 1-and-18. Six collector 
rings with the ac. taps also used 
as equalizer connections give 50 per 
cent equalization. 


No. 4 connect to top straps 4, 2, 1 in 


slot No. 1, and top straps 6, 5, 4 in 
slot No. 75. These data are then put 
down as shown in Fig. 3, which also 
shows that an equalizer tap is made 
to top strap No. 1, in slot No.1. By 
checking further we find the next 
tap is made to strap No. 5 in slot 


No. 2, as the spacing is 1-and-11 or 


Fig. 9—In A a method is shown 
for recording data for a rotary con- 
verter using flexible cable at the 
rear of the commutator for the 
equalizer connections. In B the 
connections to the collector rings 
are illustrated, and in C the method 
of attaching the rings to the arma- 
ture core is shown. 


Armature cross connections and 
connections to collector rings 


123 


ten. Next, on checking the taps to 
ring No. 1, we find five taps, one 
each from straps 91, 181, 271, 361, 1. 
Considering the top straps as bars, 
the cross connecting data are then 
put down as in Fig. 3C and the 
upper part of Fig. 3A. 

With motors of this type, when 
the complete machine is available, it 
is good policy to mark the pole and 
brush center line on the commutator 
by scratching the bar with a knife 
before removing the armature from 
the frame. Fig. 3A shows that the 
center line of the pole and coil falls 
on the mica between bars 9 and 10, 
that the center line of the brush is 
between bars 3 and 4, and that the 
center line of slot No. 3 falls on the 
mica between bars 450 and 1. 

In Fig. 5 are shown the data for 
a single-phase armature with resist- 
ance leads and cross connections. 


aps from comm 
utator to rings 


3 spacing equals 360/60 =6or land bar pitch 


CI. Slot-6 and bar 360 


also CL.of keyway 


First single coil in slot- connects to bar land ring A 
First single coil in slot-3 connects tobar Tand ring ft 
200-Kw. rotary converter, 600-volts DC. Three-phase, 
60-cyc/les, 7 , 720 rpm. with 120 slots, J60 bars, coil 
ch . Starting with collector tap coil in s/ot-l, 


land I 


CL. of keyway on CL. of slot 6and bar 
360. Cable, ring type of cross connector, 
at back of commutator and fastened to 


Fig.9 B 


3 ninth coil is a tap coil ie. 7 plain coiis between 
each fap coil 


A Ring coils in slots 


: collector chart 


See ring and 


armature spider with cleats as shown inc 


collector ring taps are spaced between 
cross connection taps 
Pitch of cross connections in bars is 360/5*72 or! &73 
Pitch of collector taps is 360/572 or land 73 
spacing of collector ring taps = 360/15 924 or land 5 


Spacing of collector ring and cross conn. taps is 360/60 °6 


Cross Connection Data or land 7 
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Rotary frame. 
D.C. Rocker ring : 


Brush lifting ring 
Shifting roc -. 
Comm. rear Vring- . 
Comm. bar 


In this case the resistance leads con- 
nect to the coil at the rear end, pass 
through the armature slot and con- 
nect to the commutator at the rear 
end, as shown in Fig. 5A. A special 
clip is used to make the cross con- 
nection at the rear end also. The 
resistance leads are in the form of 
half-coils. In taking data, we start 
at the top and work down to the 
resistance leads. The result is 
shown in Fig. 5. 

In Fig. 6 is shown another way 
of recording the bottom coil and re- 
sistance coil data for the armature 
shown in Fig. 5. This shows that 
the bottom coil in slot 7 lines up on 
both ends with the resistance leads 
in slot 7. The cross connection data 
are given in Fig. 5. 

Rewinding data required for wind- 
ings of rotary converter armatures 
will now be considered. In Fig. 7A 
a 250-hp., two-phase, 12-pole rotary 


converter armature with four col- 


lector rings is shown. In Fig. 7B is 
shown the rear end of an armature 
with the a.c. tap coils. Note the 
spacing and the method of bringing 
out the taps. | 

The rules that apply to collector 
ring connections apply also to ring- 
type equalizer connections: that is, 
there will be as many taps to each 
ring as there are pairs of poles. The 
spacing of the taps per ring, or 
pitch, is equal to BP. The total 
number of taps is equal to PXR or 
pairs of poles times number of rings. 
The tap spacing is (BP) XR. 

The majority of rotary converter 
armature windings are cross-con- 
nected and the a.c. taps tend to com- 
plicate the winding data. In some 
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cases the collector rings and their 
taps to the winding are used as cross 
connections also. In other cases the 
spacing of the a.c. taps is different 
from the cross-connector spacing; 
therefore, care must be taken in re- 
cording these data. 

In Fig. 7A the winding has 192 
slots and bars, 4 rings, 12 poles, 
6 taps to each ring. The ring tap 
pitch is 1926 32, or I-and-33 bars 
or slots. The total number of taps 
equals 6X4 or 24, and tap spacing is 
192.24 8, or l-and-9 bars or slots. 


Fig. 11 Method of recording re- 
winding data for a rotary converter 
and booster winding. 


cp on bor 
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Fig. 10—Cross-section of a syn- 
chronous booster converter arma- 
ture showing connections between 
the booster and the collector rings. 


In Fig. 1, one method is shown 


for recording winding data for a 
rotary armature, with the cross con- 
nections at the rear of the commu- 
tator. The winding in Fig. 1 is 
three-phase; therefore, there will 
be three rings and for ten poles there 
will be a total of 15 taps (five per 
ring) spaced as shown in the table 
with Fig. 1, which gives the data in 
bars and slots. This is necessary 
with more than one coil per cell 
windings, to enable the winder to 
space the coils. For instance, in 
winding the armature shown in Fig. 
1 he would start with a tap coil; 
then put in eight plain coils; then a 
tap coil, and repeat. 

Fig. 8 shows the data for an eight- 
pole, six-phase rotary with 144 slots 
and bars, coil pitch l-and-18, and 
six collector rings. In this case the 
a.c. taps are also used as equalizer 
connections, resulting in 50 per cent 
equalization. That is, with six rings 
and eight poles, there will be 6X4 or 
24 ring taps spaced as shown in the 
table in Fig. 8. The pitch is 144 
4—36, or l-and-37 bars; spacing 
equals 144-246, or l-and-7. The 
ring layout is shown at the top of 
the data diagram. The machine also 
has a number of S-shaped involute 
cross connectors tapped into the rear 
of the winding, as indicated in the 
cross connection table in Fig. 8, 
making a total of 48+24—72 taps. 
Fig. 8A shows one series of equal- 
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Taps to booster land \3 (single corls), 28 taps 
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izer taps while Fig. 8 shows that 
there are two series of cross con- 
nection taps between the a.c. ring 
taps. 

In Figs. 9A, 9B and 9C a method 
of recording data is shown for a 
machine similar to the one illustrat- 
ed in Fig. 1; that is, one in which 
a flexible cable is used at the rear 
of the commutator for the equalizer 
connections. Fig. 9C shows the 
method of attaching the rings to the 
armature core and also the tap spac- 
ing. Note that rings 1, 4, 7 occupy 
the top row, rings 2, 5, 8 the middle 
row, and rings 8, 6, 9 the bottom 
layer. 

Fig. 9B locates the equalizer taps 
and the a.c. collector ring taps in 
relation to the center line of the key- 
way, bar and slot. It also brings 
out the fact that the a.c. collector 
ring taps are used as equalizer con- 
nections. These taps are represented 
by dotted lines, making a total of 60 
equalizer taps or 60360 16.6 per 
cent equalization; a spacing of 360 
60 6, or l-and-7. 

Fig. 9A gives the coil and tap data 
with reference to the keyway. This 
sketch also gives the tap coil spacing. 

From the examples just given of 
rotary armature windings, a check 
should be made to determine the 
relation between the a.c. collector 
ring taps and the equalizer connec- 
tions and the information recorded 
in a manner that will enable any 
winder to rewind the armature and 
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Taps for Booster and Converter Windings 
There are 28 taps (7 to each ring) from booster winding to rings. Pitch 


IJ. and- 5, (1-and-17 for same phase). 


Taps to ring A-1 in top of slots 4, 20, 36, 52, 68, 84, 100 
Taps to ring B-1 in top of slots 8, 24, 40, 56, 72, 88, 104 
Taps to ring A-2 in top of slots 12, 28, 44, 60, 76, 92, 108 
Taps to ring B-2 in top of slots 16, 32, 48, 64, 80, 96, 112 


TAPS FROM CONVERTER TO BOOSTER 
Rear of Converter Winding to Front of Booster Winding 


BOOSTER 
Tor SLor No. 


CONVERTER 
Tor SLor No. 


8888 8888 8888 8888 8888 SESS 8888 


duplicate the original winding in 
every respect, including the spacing 
of taps with relation to keyway, a. c. 
and equalizer taps. 

There is another type of machine 
that has a somewhat more compli- 
cated winding. This is the syn- 
chronous booster converter. In this 


REMARKS 


Looking at machine from collector ring 
side, the strap is in the left-hand side of 
the slot connector to the booster: also the 


cross connector. 


There are 168 cross connectors—spacing is 
pane? and pitch in single coils is l-and- 


5, as shown at rear of converter. 


On the booster armature slots 3, 7, 11, 15, 
19, 23, 27, 31, 35, 39, 48, 47, 51, 55, 59, 
63, 67, 71, 75, 79, 88, 87, 91, 99, 103, 107, 
and 111, 28 slots, are only half-full, i.e. 
contain only a top coil half. 


Front pitch on booster is l-and-7. Rear 
pitch on booster is 1-and-8. 
Center line of keyway is on center line 
of slot 12 on converter, and center line of 
slot 6 on booster armature. 


type a synchronous, alternating-cur- 
rent generator or booster is added 
between the converter armature and 
the a.c. collector rings. In general 
the booster has the appearance of 
the ordinary direct-current gener- 
ator; that is, there is a stationary 
field and a revolving armature, with 
distributed winding but without a 
commutator. A brief explanation of 
the function of this booster will help 
to give an idea what effect wrong 
data would have on the operation of 
the machine. 

The booster main poles are in line 
with the converter main poles. This 
enables the booster winding to give 
an equal boost or buck with a given 
field excitation. Then by varying 
the field excitation of the booster, its 
armature voltage, which is alternat- 
ing in character, may be increased 
or decreased and its voltage can be 
added to (boost) the d.c. voltage or 
it can be subtracted from (buck) the 
d.c. voltage. The voltage variation 
generally runs between 30 volts be- 
low normal to 30 volts above normal 
line voltage. 

In Fig. 10 is shown a cross section 
of a synchronous booster converter 


Fig. 12—This shows the complete 
synchronous booster converter of 
the type from which data were 
taken in Fig. 11. Note the taps 
between the rotary and booster 
windings. 
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(27) 


armature, the booster armature, and 
the connection between the booster 
and the four collector rings. The 
taps from the rotary armature to 
the booster armature can be con- 
sidered the same, and the same 
winding rules apply as to a.c. col- 
lector ring taps. 

Fig. 11 shows a method of record- 
ing the rewinding data. Starting 
with the rotary armature winding 
which has 168 slots, 336 bars, 14 
poles, 28 taps, and 168 cross con- 
nections, the equalizer pitch in slots 
is 168 7 24, or l-and-25. The 
spacing in slots is l-and-2. In bars 
the equalizer pitch equals 3367 
48, or l-and-49, and the spacing is 
33616822, or l-and-3. The coil 
pitch is 1-and-12, the tap spacing in 
slots is 168—28—6, or l-and-7, and 
the ring pitch is 168 7224, or 1- 
and-25. 

Note the manner of tying the 
booster winding with the rotary 
winding by lining out from slot 12 
on the rotary to slot 6 on the booster. 
The center lines of these slots coin- 
cide, as will be noted. 

By following the tap d from the 
top of rotary armature slot 1 to the 
top coil in slot 1 of the booster wind- 
ing, we find the booster circuit is 
from slot 1 to bottom 8, to top 2, 
bottom 9, top 8, bottom 10, top slot 
4 and then out to the A: ring on tap 
B. Or, the conductors in the top of 
slots 1, 2, 8, 4 and in the bottom of 
slots 8, 9, 10 are in series with 
the tap from the rotary winding and 
the A: ring. This series of coils 
forms a separate group, there being 
as many of these groups as there 


Fig. 13—This is a special duplex, 
six-pole, four-circuit wave, singly- 
reentrant, retrogressive winding. 
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3512 —-220V-800 Ram. 
6 pole, 79 slots, 158 bars 
Coll pitch \ond 4 lead l o 53 
4-Circuit wave, refrogressive, single -reentrant 


ee 
4 4 
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are rings times pairs of poles. Also 
note that there will be a number of 
slots that contain only one conductor. 
This slot will be one booster coil 
pitch ahead of the slot that contains 
the ring tap; that is, the booster 
coil pitch is 7 or l-and-8 and the tap 
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Fig. 14—Here is a simple form for 
recording data on the winding 
shown in Fig. 13. 


This winding is for a 86-hp., 220- 
volt, six-pole, 800-r.p.m. motor with 
79 slots and 158 bars. 


B to ring A: is from the top of slot 
4. Then 44-7=11, or slot 11 will 
not have a bottom conductor. 

The taps from the booster wind- 
ing to the collector rings follow the 
same rules as applied to rotary con- 
verter armature collector ring taps. 

In the tabulated winding data 
given in the table on page 125 for 
the winding shown in Fig. 11, the 
ring number is given before the 
rotary slot number as this ties the 
winding to the rings through the 
booster. At the top of this tabula- 
tion are given the data for taps to 
rings at the rear end of the booster 
winding. 

Fig. 12 shows a complete syn- 
chronous booster converter rotating 
element for a six-phase machine. 
The large armature with the com- 
mutator is the rotary winding; the 
small armature has the booster 
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winding. Note the taps between the 
rotary and booster windings. 

From the above it is obvious that 
too much stress can not be placed 
upon the importance of getting the 
proper relation between the booster 
and rotary armature windings. This 
can be done by locating the keyway, 
then the slots: on a line with it, and 
then working back to a tap from the 
rotary to the booster. 

In what follows information is 
given for a special duplex, six-pole, 
four-circuit wave, singly re-entrant, 
retrogressive winding. The top layer 
of conductors is shown in Fig. 184, 
There are four conductors per slot, 
the top (No. 1) conductor being 
connected to a bottom conductor 
(No. 4) in a slot one coil pitch (13 
slots) away by means of a special 
connecting clip. Conductors No. 2 
and No. 8, in slots l-and-18 apart, 
are connected together, the connec- 
tion being made inside of the top 
and bottom connecting clip as shown 
in Fig..18A, thus making two wind- 


-Toil 2 ead soldered fo 
coil » 
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ings of the two-layer, diamond-shape 
type, one inside the other. 

The armature is shown in Fig. 
18B with the top layer of conductors 
removed. Note how the bottom con- 
ductor (No. 4) is connected across 
the front to conductor No. 8, and a 
connection made from their junction 
to the commutator. Also note that 
conductor No. 2 connects to con- 
ductor No. 1 across the front and a 
connection is made to the commuta- 
tor from this junction, thus forming 
two layers of a two-layer winding 
at the front end. The start of the 
series of three coils can be traced 
around the armature in Fig. 13B. 

Figs. 14 and 14A show the com- 
plete series. Starting at bar 1 (at 
the left in the diagram) which con- 
nects to the top conductor in slot 1, 
we cross to slot 14, conductor 4 or 


the bottom conductor across the 


Figs. 15 and 16—Two types of 
windings that frequently give 
trouble to the winder. _ 


— i - 


of 
„ „ 


— A. 
— Y 
i o s 


p= = 


a „ 
Armature having s, S2 , 
Pa using half idla bar with c ang 
SAS. Sy jumping bor and „ 
I 63 bars and coils, ead pitch T 
xn. Gnd 33, botom throw. 


* ù 
— — rum = ow awa on « 


Bars Aand | made om 
by long jumper. 


34 slots 76 bars 


one dead coll 


nine double bars 
making 67 active bars 


Coll pitch \and 9 
Lead n 1 ond 34 


Double bars spaced 7-6-7-6-7-6-7-6-6 


wat 


127 


rear, then from slot 14 conductor 4, 
to bar 53, to slot 27, conductor 3, 
across the rear of slot 40, conductor 
2, then to bar 105, to slot 58 con- 
ductor 1, to slot 66, conductor 4, | 
across the rear, then out to bar 157 
which completes a series of three 
coils. 

The data given in Fig. 14 are suf- 
ficient to lay off the winding but the 
data in the table furnish an inter- 
esting study of this type of winding. 

In Fig. 15 are shown the winding 
data for an old type of motor that 
would give trouble to the average 
winder. This armature has 32 slots 
and 65 bars, and since there are only 
2 times 82 or 64 single coils, there 
is one bar too many. The 64 bars 
will not connect into a single-series 
wave winding, but 68 bars will, since 
63 plus 1 will give a lead pitch of 
82, or l-and-38. This means that by 


using a half-idle coil as shown, one 


bar will be used up and by jumping 
bars B and 84 and making them one, 
the number of active bars is re- 
duced to 68. 

Another odd type of winding is 
shown in Fig. 16. This armature 
has 34 slots and 76 bars or 9 bars 
too many, since there are 2X34—68 
single cofls and 68 bars will not form 
a single wave. winding. Therefore, 
there will be one dead coil making 
use: of a total of nine bars. These 
are used up in the manner shown in 
Fig. 16 by jumping bar 1 to the ad- 


jacent bar and considering these as 


one large bar. This is done at bars 


9, 16, 24, 31, 39, 46, 54, and 61, 


which spaces the jumpers fairly 


even. In counting off the lead pitch 


or lead throw, the jumped bars must 
be counted as one bar. The series 
of two coils illustrates this fact. 
On machines of any type that have 
interpoles, a careful check of the 
armature winding data should be 
made and particular attention paid 
to the alignment of the commutator 
bars with reference to the center line 
of the keyway when the commuta- 
tors are removed for repairs, or 
when new mica segments are used. 
When interpole machines are 
tested at the factory the end bracket 
and brush positions are located on 
the dead neutral. On machines hav- 
ing fixed brushes the end brackets 
are doweled to the frame, thus es- 
tablishing a fixed position for the 
coil and lead pitch. The bars in 
the commutator also have a fixed 
relation to the keyway in the com 
mutator bushing, that is, the center 
line of the bar or mica on the center 


line of the keyway and also the 
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center line of an armature tooth or 
slot, bears a fixed relation to the 
center line of the keyway in the 
armature punching. Also, both the 
keyways in the commutator bushing 
or spider and the armature punch- 
ings have a fixed relation, thus 
establishing a fixed relation between 
the center line of a coil, tooth, slot 
and bar or mica, according to the 
rules given above. 

In dismantling a commutator and 
reassembling it without checking the 
relation of the bar to the keyway, 
there is a chance of throwing the 
neutral off. The greatest amount 
that the neutral can be shifted is 
equivalent to the chord of one-half 
the bar angle measured at the face 
diameter of the commutator or, in 
other words, one-half the width of 
one bar and one mica strip. The 
length of this chord or width of 
bar depends upon the number of 
bars and the diameter of the com- 
mutator, being greater with a small 
number of bars and a given diam- 
eter. That is, the chord length in- 
creases with a large diameter. 

If a commutator has the center 
line of the keyway on the center line 
of a bar, then the most that the bar 
can be shifted would be to the posi- 
tion where the center line of the 
keyway lines up with the center line 
of the mica, which is a total shift 
of one-half bar. Changing the com- 
mutator alignment one-half bar, will 
affect the speed, causing a variation 
of 3 to 10 per cent in speed and also 
cause sparking and flashovers in 
some cases. 

Figs. 17A, 17B and 17C show a 
tool or gage that has been devel- 
oped to check the bar alignment with 


reference to the keyway. Fig. 17A 


Fig. 17—This is a tool or gage 
that is useful in checking up bar 
alignment with reference to the 
keyway on a commutator spider. 
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shows a good view of the gage, 
which consists of two fixed arms at 
right angles to each other, the up- 
right arm being attached to the 
shorter arm in such a manner that 
its inside surface is on the center 
line of a slot in the short arm. This 
slot carries a small dummy key that 
fits the keyway in the commutator 
bushing under test. The inside sur- 
face of the upright is thus on the 
center line of the keyway. This 
upright is slotted and carries an ad- 
justable arm which is also slotted 
and has a pointer at one end. The 
surface of the adjustable arm that 
is in contact with the surface of 
the upright represents the center 
line of the keyway. 

Fig. 17B shows the gage in place 
at the rear of a commutator and 
shows how the keyway center line 
is transmitted to the surface of the 
commutator. 7 

Fig. 17C shows the top front view 
of Fig. 17B, which indicates that 
the center line of the keyway is on 
the center line of the bar. 

From the above it follows that, 
when taking rewinding data, the 
keyways of the armature and the 
commutator, play an important part 
in all cases (none excepted). The 
rewinding data should be laid out 
with the keyways as the base or 
starting point of the data taking and 
recording operation. 

A little time expended when tak- 
ing and recording rewinding data 
will in the end prove a time-, labor- 
and material-saving proposition. 

When taking data on a machine 
with which one is not familiar, do 
not cut off any leads nor lift too 
many coils, without first marking 
the ore and commutator and also 
making a pencil sketch to show the 
relation of the disturbed parts. In 
other words, ke a lot of haste 
very slowly. f 
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Rigid But Demountable Rail 


Around Machinery 


OME form of guardrail is often 

essential around steam engines, 
turbines, motor-generators, motors 
and other machinery to protect em- 
ployees or visitors around the plant. 
A demountable guard rail, which 
may be used for this purpose, is 
shown in the accompanying sketch. 


The advantages of a guard rail 
which can be removed easily are 
obtained in this construction. 


A feature of this construction is 
that although this rail is rigid when 
erected it can be removed easily. 
Also, no flanges project above the 
floor when the guard rail is removed. 

The rail is set into sockets which 
are made up of short pipe sections 
cast into the concrete. The uprights 
are made of brass pipe, with an ex- 
panding member of special construc- 
tion. The horizontal top rail is held 
securely by the same bolt which 
holds the vertical supports fast in 
the floor sockets. 


Washington, D. C. G. A. LUERS. 
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Testing Insulation With 
High-Frequency Voltage 


together with faults of present methods of testing 
and the scope of application and results obtained 
through the use of the new method 


electrical apparatus to insulate 

between the various parts which 
have a difference of potential and 
also to insulate all parts of the cir- 
cuit from “ground.” The “ground” 
insulation is thoroughly tested by 
the present method of applying a 
high potential, usually at normal 
frequency, between the winding and 
the core or frame at various stages 
of construction. The present meth- 
ods of testing the insulation of va- 
rious parts of the same circuit, such 
as from one turn to other turns, or 
one layer of wire to other layers of 
wire, are far from adequate. 

The present method of testing 
consists of placing the coil over a 
pole piece magnetized by a primary 
coil which induces a voltage in this 
coil as the secondary coil of a trans- 
former. The maximum voltage that 


È SULATION is used on rotating 


By J. L. RYLANDER 


Electrical Engineer, Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 


can be induced by this method will 
not exceed 10 or 20 volts per turn in 
most coils, as the voltage is limited 
by the size of pole piece that can be 


FOR MANY years the need for a 
higher test voltage between turns 
of individual coils or complete 
windings has been recognized. To 
obtain this higher test voltage, 
high frequency is now being used. 
How the high-frequency voltage is 
generated, applied to the appa- 
ratus under test, and the benefits 
obtained through its use are dis- 
cussed in this article, which is an 
abstract of a paper delivered by 
Mr. Rylander at the Midwinter 
Convention of the American In- 
stitute of Electrical Engineers held 
last month in New York. 
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Fig. 1—A very high voltage can 
be applied to any winding without 
injurious current flow, if its fre- 
quency is sufficiently high. 


The apparatus illustrated here pro- 
vides high voltage having a fre- 
quency varying between 5,000 and 
200,000 cycles per sec., depending 
upon the equipment under test. 


inserted into the opening of the coil 
and by the frequency of the circuit. 
Usually 133 or 500 cycles per second 
are used. This test discovers short- 
circuits where there is actual copper- 
to-copper contact. However, it does 
not discover any weak or damaged 
insulation where there is not actual 
copper contact. Therefore, many 
coils are given no insulation test. 

The windings of d.c. armatures 
are tested by this same induction 
method by revolving the armature 
slowly and testing each coil separ- 
ately. This test discovers any short- 
circuits caused by actual copper-to- 
copper contact and also discovers 
open circuits. As this type of test- 
ing apparatus is only adaptable for 
rotating windings, induction motor 
primary windings are not given this 
test. 

In order to obtain a higher test 
voltage, that would be considered a 
real insulation test, between turns of 
coils both before and after winding 
the coils in the machine, high-fre- 
quency voltage is applied directly to 
the terminals of the coil or windings. 
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With high frequency, advantage can 
be taken of the inductance of the coil 
or winding and thus obtain almost 
any voltage desired. 

The use of high frequency for 
various test purposes is not new, but 
as far as the author is aware it has 
not been applied to the commercial 
testing of individual coils and of 
wound apparatus. 

A very high voltage can be ap- 
plied to any winding if the fre- 
quency is sufficiently high. The 
voltage drop due to the inductive 
reactance is E= 2 X 3.1416 MKL 
X I, where f is the frequency in 
cycles per second, L is the induct- 
ance in henries, and J is the current 
in amperes. For example, a 15-turn 
circular coil with a 12-in. diameter 
having a d.c. resistance of 0.1 ohm 
and an inductance of 0.001 henry 
would have approximately the fol- 
lowing voltages across its terminals 
with 10 amp. in the circuit: 1 volt, 
d.c.; 4 volts, 60 cycles per second, 
and 4,000 volts with 60,000 cycles 
per second. It is thus seen that 
practically any desired voltage can 
be placed across a coil or a winding 
if sufficiently high frequency is ap- 
plied. The voltage is applied by con- 
‘necting the two leads from the high 
frequency apparatus directly to the 
terminals of.the coil or winding, 
either partially or completely fin- 
ished. 

When high frequency is applied 
to the apparatus under test, it sets 
up an alternating electromagnetic 
field of a particular frequency in a 
manner similar to a radio trans- 
mitter. If a short-circuit occurs in 
the winding, the wave length and 
frequency will be changed accord- 
ingly, and the strength of the out- 
going signals is reduced. A wave 
meter is used to measure the out- 
going waves and thereby determine 
whether any insulation failure has 
occurred. 

The wave meter consists of a set 
of inductance coils, variable con- 
denser with a vernier attachment, 
two variable resistances and a low- 
reading ammeter of the thermo-ele- 
ment type, all connected in series 
with one of the inductance coils. 
The inductance coils are such that 
by changing the setting of the var- 
liable condenser, resonance may be 
obtained for the frequency generat- 
ed by the coil or winding under test. 
The condenser, the ammeter, and the 
variable resistances are mounted on 
a panel and a tuning coil is placed 
near the apparatus being tested. 
The tuning coils have low resistance 


INDUSTRIAL ENGINEER 


and a minimum capacity for a given 
inductance. Coils with taps are un- 
satisfactory on account of the end- 
turn loss. 

The wave meter is tuned to the 
frequency of the waves emitted by 
the apparatus under test and it acts 
in a manner similar to a radio re- 
ceiving set. A current flows in the 
wave meter circuit which is meas- 
ured by the ammeter. The variable 
condenser is adjusted until a maxi- 
mum current is shown on the meter 
which thereby indicates the condi- 


t der test 
Apparatus Under tes Voltage 


Measuring Gap 
Transformer or Instrument 
S~ Rotating Dise Gap 
Transformer 
ondary 


A 


Inductance Tuning Coil 
f Variable Condenser 


Ammeter of thermo 


= element Type 


High Resistance 
Low Resistance 


Fig. 2—The connection scheme for 
the equipment producing high volt- 
age is shown at A. 


Diagram B shows the connections 
for the apparatus used to detect the 
presence of short-circuits or other 
defects in the winding under test. 


tion of resonance and also the fre- 
quency of the circuit. The meter 
reading alone does not mean any- 
thing in particular; it is the relative 
meter readings used in connection 
with the condenser readings and the 
distance from the tuning coil to the 
apparatus under test which tell the 
story. 

The principle by which high fre- 
quency is produced by this outfit is 
that a condenser placed across the 
secondary terminals of the trans- 
former is charged during each alter- 
nation of the 60-cycle current. The 
condenser is automatically dis- 
charged through rotating disks when 
the voltage reaches a predetermined 
value on each alternation. The dis- 
charge of the condenser through the 
apparatus under test produces a 
high-frequency current whose fre- 
quency is determined by the appara- 
tus under test and the capacity of 
the condenser. 

The high-frequency testing ap- 
paratus for commercial use consists 
essentially of, (1) equipment for 
generating the high frequency and 
applying it to the apparatus under 
test, and (2) a means of detecting 
any short-circuits or failures in the 
insulation of the apparatus under 


rotating gap. 
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test while the high frequency is 
being applied. An illustration of 
the apparatus is shown in Fig. 1. A 
schematic diagram of the connec- 
tions is given at A and B of Fig. 2, 
Fig. 2A showing the generation of 
the high frequency and its applica- 
tion to the coil or winding and Fig. 
2B showing the apparatus used in 
the detection of an insulation failure. 

The power is furnished by a trans- 
former of 10-kw. capacity with 
7,500/15,000 and 30,000 volts on the 
secondary. A 70 per cent reactance 
limits the current to one and a third 
times full-load current with the 
short-circuit current in the second- 
ary. The condensers have a capacity 
of 0.05 microfarads at 30,000 volts. 
The air-gap for discharging the 
condenser is formed between two 
motor-driven, rotating, brass alloy 
disks so that the arc across the gap 
will not burn the metal. The sphere- 
gap limits and measures the voltage 
across the apparatus under test. A 
resistance of 15,000 ohms is placed 
in series with the sphere-gap to pre- 
vent the spheres from being burned 
by the arc. For voltages of 5,000 
and higher, 5-cm. spheres are used, 
and for lower voltages 1-cm. spheres 
are used, also instrument measure- 
ment. A panel contains switches for 
the circuit breaker and plugs for 
tapping in different values of re- 
actance. A handwheel is used for 
controlling the spacing of the gap 
of the rotating disks. Voltages rang- 
ing from 2,000 to 30,000 volts can 
be obtained with this particular ap- 
paratus. By a combination of series 
and parallel connections the trans- 
former will give 7,500, 15,000 or 
30,000 volts; intermediate voltages 
are obtained by adjustment of the 

The manipulation of the test ap- 
paratus consists of connecting the 
leads to the coil or winding under 
test and setting the sphere gap for 
the value corresponding to the de- 
sired test; then closing the circuit 
breaker and opening up the rotating 
disk gap until the desired voltage is 
obtained. This is indicated by a 
spark across the measuring gap. 
The voltages are generally applied 
for 10 to 15 sec. The frequency is 
determined by the apparatus under 
test usually within the limits of 
10,000 to 200,000 cycles per sec. for 
individual coils and 5,000 to 100,000 
cycles per sec. for wound apparatus. 

The damped, high-frequency volt- 
age as produced by this set gives a 
somewhat more severe test on the 
insulation than a corresponding 


March, 1926 


voltage at normal frequency. For- 
tunately such a test can be used to 
discover faults without damage to 
the normal insulation. 

In general, the voltage builds up 
somewhat on the end coils. At first 
thought this may seem to be a dis- 
advantage, but in actual service the 
end coils of a group are subjected to 
greater voltage in the case of surges 
than are the other coils. The voltage 
on the inner coils is sufficiently high, 
however, to give an adequate test for 
defects in material or workmanship. 

The high-frequency, test voltage 
applied to the terminals of wound 
apparatus corresponds closely to the 
regular ground test as given by the 
Standards of the American Institute 
of Electrical Engineers. This al- 
lows a liberal margin of safety over 
the strain due to operation at its 
normal voltage, and also to the mo- 
mentary high-voltage, high-fre- 
quency surges that may be im- 
pressed in service. 

The voltage which it is desirable 
to apply to individual coils before 
winding into a machine is largely a 
question of judgment based on ex- 
perience. We have used successfully 
on induction regulator coils a test 
voltage on single coils somewhat 
higher than the operating voltage of 
the machine for voltages lower than 
2,500 volts, while for voltages over 
2,500 a test voltage somewhat lower 
than the operating voltage was used. 

The methods used for various 
types of apparatus are somewhat 
different, depending on various con- 
ditions. The method of testing a 
single coil is shown in Fig. 1. 

The method of testing the wind- 
ings of a two-pole, single-phase in- 
duction regulator is shown diagram- 
matically at J of Fig. 8 for the stator 
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and at JI for the rotor. The two 
leads from the high-frequency set 
are connected to leads A and B of 
one pole and the tuning coil of the 


wave meter is placed alongside the. 


frame as shown at C. The voltage 
is applied for 10 to 15 sec. The two 
high-frequency leads are then con- 
nected to the leads E and F of the 
other pole of the winding and the 
tuning coil placed at G. 

The high frequency leads can be 
connected to three-phase machines 
by the methods shown at III to VI 
of Fig. 3. The high-frequency leads 
may be connected across each pole- 
phase group as shown at V, from 
each lead to the star connection, as 
illustrated at VJ, or across the leads, 
as at III and IV. Each of these con- 
nections has merits for certain con- 
ditions as determined by the number 
of poles, the voltage of the machine, 


the number of turns in the winding, 


the number of parallel connections 
and the size of the machine. 

On a d.c. armature the voltage is 
applied at two points on the commu- 
tator corresponding to the location 
of the brushes, and the armature is 
then rotated. 

The tuning coil of the wave meter 
is placed in the most advantageous 
position, which usually is close to the 
outside circumference of rotors and 
either inside the bore or outside the 
frame of stators. 

For each coil and winding the 
wave meter settings are recorded. 


Fig. 3—Methods of applying the 
high-frequency voltage to various 
types of windings. 

Diagrams I and II show the method 
of testing the stator and rotor of a 
single-phase induction regulator. 
Diagrams III to VI inclusive, show 
the testing methods for three-phase 
induction regulators having va- 
rious connection schemes. 
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These settings show both the fre- 
quency and the strength of signal 
transmitted from any particular ap- 
paratus when the winding is normal 
and free from faults. As each coil 
or winding is tested, the readings 
will correspond to the standard read- 
ings if the winding is free from 
faults, but if short-circuited, dif- 
ferent readings will be obtained. It 
is thus easy to check any apparatus 
that has been previously tested. If 
new, the approximate readings can 
usually be estimated with sufficient 
accuracy by comparing the general 
characteristics of the windings with 
other known windings, and checking 
one part of the winding with another 
is an additional check. The fact that 
a short-circuit has a deadening ef- 
fect on the radiations transmitted as 
well as changing the wave front 
length and frequency, facilitates the 
discovery of any short-circuits. 

This method of insulation testing 
was first applied commercially in the 
testing of induction regulator coils. 
The results were so satisfactory that 
the test was extended to the wound 
regulators, both stators and rotors 
of single-phase and three-phase ma- 
chines of all voltages up to 14,000 
volts and hundreds of wound pri- 
maries and wound secondaries are 
now being tested each month with 
high frequency. The development 
has now reached a point where com- 
pletely wound d.c. armatures, turbo- 
generator coils, and wound induction 
motors either partly or completely 
connected have been tested experi- 
mentally. Considerable experimental 
work must be done before this 
method can be applied safely as a 
commercial shop test to complete 
windings of large alternators or in- 
duction motors. For example, suf- 
ficient information as to satisfactory 
test values is not yet available to 
apply high-frequency voltage, as a 
test to the complete windings, which 
will be a proper measure of their 
ability to withstand surges during 
operation. 

Testing coils. and windings with 
high frequency. has given valuable 
information on the insulation of the 
apparatus to which this test is ap- 
plied. For example, it has shown 
that insufficient insulation for `e- 
liable operation was used in some 
cases; that different kinds of ma- 
terial should have been used in 
others; that certain insulating ma- 
terials have been badly crushed dur- 
ing one of the coil-forming opera- 
tions; that the vacuum impregnation 
has not fully penetrated to all parts 
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of the coil, and that the moisture has 
collected in these spots; and that the 
insulation used on certain designs 
was too liberal. It has also fur- 
nished a good idea as to whether the 
insulation was sufficiently balanced 
between the various turns and layers 
to withstand the natural uneven volt- 
age distribution that occurs in coils 
and windings whenever the windings 
are subjected to surges and line dis- 
turbances. 

Consequently, it is seen that high- 
frequency testing has made possible 
the improvement of the insulation of 
the windings by eliminating weak or 
defective coils, which might other- 
wise have been used. High fre- 
quency also checks the ability of the 
insulation to withstand the occa- 
sional severe dielectric strains that 
will occur in service and to which 
at present so many of the otherwise 
unaccountable insulation failures are 
attributed. 

As induction regulator coils have 
been tested regularly for over four 
years some of the results of these 
tests will be of interest. During 
the first two years, 5 per cent of all 
coils tested failed to stand the pre- 
scribed test but the weekly percent- 
age of failure varied from 1 per cent 
to 30 per cent. During the past year 
the percentage failures varied from 
0 to 2 per cent weekly, with an aver- 
age of 1 per cent. This great re- 
duction in the number of coils that 
failed to stand the test was ac- 
complished by correcting the cause 
of the trouble, which can usually be 
determined by a thorough, pains- 
taking examination. 

However, if these coils had not 
been rejected on account of the high- 
frequency test, all of the coils would 
otherwise have been used, as none of 
the coils had any defect that could 
have been discovered by any other 
method than the use of high-fre- 
quency voltage testing. 

A record of the complete windings 
that have been tested shows that out 
of 100 machines of a certain particu- 
lar type there were no failures, but 
on other types there were as high as 
10 per cent and an average of 1 per 
cent for all types. It is not to be 
inferred that the faults detected by 
this test would all have resulted in 
service failures. The applied test 
has purposely been made severe in 
order to certainly weed out all weak- 
nesses of this class. 

There has been a distinct improve- 
ment in these machines from the 
Service standpoint. Whereas, there 
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was a considerable number of fail- 
ures, before high-frequency testing 
was started on these coils, there has 
not been reported a single insulation 
breakdown in service of any machine 
on which the high-frequency test had 
been applied to the coils or the 
winding. 

High-frequency testing shows up 
poor workmanship, checks the in- 
sulation design and the processes of 
manufacture. It insures that proper 
and adequate insulating materials 
are in their proper place and not 
missing or damaged and that no 
harmful foreign materials are pres- 
ent therein. 

It checks up such features as 
the elimination of moisture and the 
thoroughness of impregnation, un- 
due mechanical pressure at any point 
and the ability of the materials to 
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stand the mechanical operations of 
coil construction, and whether the 
various materials are sufficiently 
uniform. 

All of the above conditions may 
exist but they may not be detected 
or discovered without the aid of 
high-frequency testing as they are 
hidden from view and consequently 
visual inspection does not reveal any 
imperfections. 

One real merit of high-frequency 
testing is that it invariably shows 
the cause of the failure, as the arc 
is of only such intensity as to burn 
out the weak insulation -vithout 
burning the copper. When a ma- 
chine fails in service the opposite 
nearly always occurs, as the copper 
is usually so badly burned as to de- 
stroy all evidence of the cause of the 
insulation failures. 


Comments on “Compensators and 
Primary Resistance Starters” 


HAVE been much interested in 

the symposium discussion on 
“Operating Characteristics of Com- 
pensators and Primary Resistance 
Starters” for starting squirrel cage 
motors, which appeared in the Janu- 
ary issue of INDUSTRIAL ENGINEER. 
It is very easy to argue in favor of 
either compensator or resistance 
starter from the standpoint of elec- 
trical characteristics, and each has 
certain legitimate, although more or 
less theoretical, advantages which 
can be claimed for it. 

However, a point which has been 
overlooked by all but one contributor, 
and barely suggested by him, is the 
reliability of the apparatus and the 
ease with which it may be placed in 
service again after a breakdown, by 
either temporary or permanent re- 
pairs. 

In this respect primary resistance 
starters, whether of the so-called 
“compression” type, the grid type or 
the wire or ribbon wound type, 
possess a considerable advantage 
over the compensator, particularly 
where continuity of service and re- 
duction of length of shutdowns are 
important. 

Compensator coils do burn out 
more or less frequently from various 
causes, as the writer has learned 
from sad experience. About the only 
way to repair a burned-out compen- 
sator coil is either to rewind it, ma- 
terial and labor for which are seldom 


at hand, or to replace it with a new 
coil, which usually must be obtained 
from the manufacturer’s warehouse 
and often from his factory. Any of 
these procedures involves a delay of 
from several hours to several weeks, 
as I likewise have cause to know. 
Resistance starters, on the other 
hand, not only very seldom burn out 
(any failure being usually due to 
mechanical damage), but if the re- 
sistance unit does open it is a com- 
paratively simple matter to patch it 
until new parts can be obtained. If 
cast grids are used they can be wired 
or clamped together; if a wound re- 
sistor burns open, repairs can 
usually be made by bridging the 
break, while there are several 
methods available for repairing the 
carbon disk type. Any of these re- 
pairs can be made in from a few 
minutes to a few hours at the most. 
The cost is correspondingly small. 
Often continuity of service out- 
weighs the small difference in effi- 
ciency which may exist between the 
two general types of starters. 
Louis D. MOORE. 


Formerly Electrical Engineer, 
Missouri Pacific Railroad Co., 
Kirkwood, Mo. 


* X + ** 


I have read with considerable in- 
terest the article concerning the 
operating characteristics of com- 
pensators and primary resistance 
starters that appeared in the Janu- 
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Comparative Data on 
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Starters for a 10-Hp., 220-Volt, Squirrel- Cage Motor 


UsINO 67 PER CENT 
oF LINE VOLTAGE 
FOR STARTING 


Full-load current 

Current inrush at line voltage.. 

Starting voltage—per cent of line voltage 

Starting torque—per cent of full-load 
torque 

Line current at start—amp 

Size of starting fusee—amp 

Size of conductor req 


ary issue of INDUSTRIAL ENGINEER. 

The difference between the two 
types of starters is very clearly 
brought out, but there is one point 
in regard to their practical applica- 
tion that has not been mentioned. 
With the primary resistance starter, 
it is usually necessary to provide 
heavier conductors for the supply 
circuit, and install larger fuses to 
take care of the greater current re- 
quired in starting. This point can 
best be illustrated by comparing an 
I-C Class 8605 automatic compensa- 
tor with an I-C Class 8547 primary- 
resistance type automatic starter. 
The comparative sizes are shown in 
the accompanying table which has 
been made up for a motor rating of 
10 hp., 220 volts, three phase, 60 
cycles. 

Data are given for a starting volt- 
age of 67 per cent of line voltage, in 
the first two columns of the table, 
and for a starting voltage of 80 per 
cent of line voltage in the next two 
columns. 

With regard to the starting volt- 
age in ordinary use I believe that 
the 67 per cent tap on compensators 
is satisfactory for over 90 per cent 
of ordinary applications. It is the 
practice of the Industrial Controller 
Company to connect all compensators 
on the 67 per cent tap for standard 
use, and it is very seldom that we 
ever hear of the necessity for chang- 
ing to a higher voltage. 

It is true that, if the comparison 
is made on the basis of 80 per cent 
of line voltage for starting, there 
will be less difference between the 
compensator and the resistance 
starter, although even in this case 
the current drawn from the line 
would be 25 per cent greater in the 
case of the resistance starter. 
Under these conditions, however, 
neither starter would meet the usual 
power company requirements as to 
allowable starting current, which 
places them on an equal basis. 


VOLTAGE FOR STARTING 
EXCEPT IN CASE OF 
ACRO88-THE-LINE STARTER 


Usina 80 PER CENT or LINE — 


8605 
Compen- 
sator 


38547 
Primary [Aeross-the- 
Resistor 


8547 
Primary 
Resistor 


174 
67 


78 
116 


90 
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From a practical standpoint it 
would seem that when the operating 
conditions are such that a motor will 
not start until 80 or 85 per cent of 
line voltage is applied to the motor 
terminals, the compensator or re- 
sistance starter might almost as 
well be discarded and the motor 
thrown directly across the line. As 
a matter of interest, however, it 
might be worth while to make 
a comparison showing fuse and con- 
ductor sizes for the two types of 
starters connected on the 80 per cent 
taps, comparing these also with a 
starter of the across-the-line type. 
This comparison is drawn in the last 
three columns of the accompanying 
table. 

So far as the user is concerned, 
the most important factor to con- 
sider in determining which type of 
controller is to be used is the ques- 
tion of torque required and the line 
current permitted by the power com- 
pany. After this point is decided 
the most important consideration is 
the mechanical design of the con- 
troller itself, as either type of 
starter will, of course, operate satis- 
factorily. We believe that, from a 
practical standpoint, the questions 
as to line voltage disturbance, power 
factor during starting, and power 
loss in starting, can be disregarded. 

There is, however, one application 
where the transformer type of 
starter has the advantage over the 
primary resistance type, due to less 
power loss in starting. This is 
where the starter must be made dust 
tight and where ventilation is not 
practicable. The losses in the trans- 
former are so small that no difficulty 
is experienced with dust-tight en- 
closures, but with the resistance 
type starter some ventilation is 
usually necessary in order to dissi- 
pate the heat developed. 


H. L. VAN VALKENBURG. 


Chief Enginecr, 
Industrial Controller Co., 
Milwaukee, Wis. 
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Specifications for 


Lubricants 
(Continued from page 117) 


this year or next, that brand will 
have the same viscosity, flash and 
fire, specific gravity, cold test and 
other tests. Specifications are the 
oil refiner’s guide in standardizing 
the production of his plant so that 
he can produce, year after year, the 
oils that he has found to be success- 
ful in meeting conditions in actual 
operation. They are the oil re- 
finer’s insurance that his product is 
of a certain quality and has certain 
characteristics. 

Oil specifications mean much to 
the refiner of lubricating oils. Serv- 
ice is the specification that means 
much to the user of lubricating oil. 
Practically all manufacturers of 
lubricants have made a close study 
of the problems of lubrication in in- 
dustry and are equipped to offer 
service and advice, which is based 
on a wide experience with industrial 
operating conditions, in the choice 
and application of lubricants to the 
particular problems of a plant. 

Purchasers and users of oils in 
industrial plants would do well to 
acquaint themselves with the va- 
rious specifications and the tests 
that are made in order to determine 
those specifications, if for no other 
reason than to be able to give them 
their proper weight, and no more, 
when they are buying lubricants, or 
making recommendations, or endors- 
ing recommendations to solve the 
lubrication problems of their ma- 
chinery or equipment. 

A discussion of the various types 
of equipment and devices for apply- 
ing lubricants under different indus- 
trial operating conditions will be 
taken up in another article of this 
series to appear in an early issue 
of INDUSTRIAL ENGINEER. 

EDITOR’S NOTE: Special acknowledg- 
ment is made to the Vacuum Oil Co. 
New York City, for valuable informa- 
tion and assistance in the preparation 
of this and previous articles. Other 
companies who have co-operated are: 
Dearborn Chemical Co., Chicago, III.; 
Jos. Dixon Crucible Co., Jersey City, 
N. J.; Keystone Lubricating Co., Phila- 
delphia, a.; Marland Refinin Co., 
Ponca City, Okla.; The Pennzoil Co., 
Oil City, Pa.; Riehle Bros. Testing 
Machine Co., Philadelphia, Pa. (oil and 
bearing testing apparatus); Standard 
Oil Co. of Ind., Chicago, III.; Ree 
Flake Graphite Co., Chicago, III.; 
Tagliabue Mfg. Co., Brooklyn, N. 
(oil testing apparatus); The Texas Co., 9 


New York City; Waverly Oil Works 
Co., Pittsburgh, Pa. 
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Devoted to the Maintenance and 
Dua eaha e LEa] Saa n Cd Padaria 


G. A. VAN BRUNT, Managing Editor 


If You Show Appreciation for Good Work 
You Will Get More of It 


ECENTLY an executive who has made an unusually 
rapid advancement from the ranks to the Vice- 
Presidency of an internationally-known institution was 
introduced at a dinner by one of his former superiors 
with the remark, “One of his outstanding character- 
istics is his practice of always giving the other fellow 
credit when he has done a good job.” He might have 
added that this practice has unquestionably been an 
important factor in the success of many an executive. 
Appreciation may be defined as a just valuation or 
proper estimate of worth or merit. It does not neces- 
sarily signify payment of money for services rendered. 
The reward may only be a handshake or a word of 
praise, but its value to the recipient is usually out of 
all proportion to its cost. 

It is not an easy matter for anyone to do his best, 
month in and month out, and for most of us it is 
particularly difficult to keep up the necessary interest 
and sustained effort when there is a feeling that no 
one knows or cares whether we are doing our best. 

Most successful executives have learned that a few 
words of appreciation for work well done are exceed- 
ingly effective in securing results in the way of 
loyalty and efficient service, that would be difficult or 
impossible to obtain by any other means. 


Do Not Overlook the Valuable By-products 
of Maintenance Work 


OST of the benefits that accrue from proper 

maintenance attention to equipment are well 
known. Some of the incidental benefits, by-products, 
as it were, may not be so apparent or well recognized. 
On this point two of the maintenance executives who 
discussed their problems in the February, 1926, issue 
of INDUSTRIAL ENGINEER made interesting comments. 
For example, Hugo Slivinski, Master Mechanic, Deer- 
ing Works, International Harvester Co., said: 


Whenever a machine is taken down and repaired or over- 
hauled, it is always given a coat of paint. This freshens 
up the machine and the operator looks on it more as he 
would a new machine and so gives it better treatment. 


Again, W. W. Lankton, Asst. Electrical Engineer, De- 
troit Copper and Brass Rolling Mills, had this to say: 


The curve drawing meter also has a peculiar psycholog- 
ical effect. Whenever it is being set up on a motor-driven 
machine, the operator almost invariably goes over his ma- 
chine very carefully, oiling all parts and looking over belts 
and pulleys. In some cases of overloads, the trouble is 
immediately rectified in this manner. 
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Even though it is oftentimes necessary to make 
operators responsible for oiling and otherwise taking 
care of their machines, it can be assumed that in many 
cases these men are not particularly interested in this 
part of their work. This indifference, combined with 
more or less ignorance, is likely to result in neglect 
of the equipment, in the absence of some outside stim- 
ulus. The management must supply this stimulus and 
can do it most effectively through the medium of a 
well-organized maintenance department. If the plant 
owners or management do not care enough about the 
equipment to take the proper care of it, operators can 
hardly be blamed for adopting this same attitude and 
neglecting their machines. Neglected equipment spells 
low output, poor quality of work and, usually, low 
wages, all of which make for low morale. 

The work that the maintenance department does in 
keeping the wheels turning is worth all it costs, and 
more. In addition, the by-products alone of this work 
merit all of the support and encouragement that you 
can give to the maintenance department. 


— o 


What “Rating” Means and How It 
Should Be Considered 


ISUNDERSTANDING of how to use properly 

the manufacturer’s rating of equipment is 
often one of the important causes of dissatisfaction 
with the service rendered. Ordinarily the general or 
nominal ratings as listed by the manufacturer are 
intended only as a general guide, and are not always 
suitable for promiscuous selection and application. 
However, the prospective user needs a guide to indicate 
the various sizes of units available. As a general rule, 
the manufacturer rates his equipment at the highest 
safe figure obtainable under practically ideal operating 
conditions. Service or operating factors are then set 
up by which the rating is multiplied to give a new 
capacity or rating to take care of unusual conditions. 
This, of course, calls for equipment of increased nom- 
inal rating or capacity if satisfactory service is to be 
expected. 

A common mistake of the prospective user is to 
neglect to take into account the fact that he has 
unusual conditions which require the use of a service 
factor. This is particularly true in connection with 
the mechanical apparatus used in power transmission. 
It is not uncommon to find chains, clutches, couplings, 
speed reducers, variable speed drives and other devices 
of standard rating attached to a heavy-duty or over- 
rated motor. The user then condemns the mechanical 
element if it does not stand up under the heavy service 
conditions. 

Service ratings are as necessary as the primary 
ratings of equipment. Any manufacturer of either 
electrical or mechanical equipment welcomes the oppor- 
tunity to advise a user from his experience on the 
allowances which should be made in the selection of 
equipment for any particular service. 
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Do Not Leave the Care and Operation of 
New Equipment to Chance 


VERY operating man is familiar with the inertia 
incidental to the acceptance and adoption of new 
ideas, methods or equipment. Many have also found 
that after a new piece of equipment is adopted for use, 
perhaps after a good deal of argument, it frequently 
happens that those who have it in charge do not under- 
stand or appreciate its value enough to take the proper 
care of it. 

An interesting example of this was found recently 
in one plant. The plant engineering department had 
{nstalled roller-bearing lineshaft hangers in a new 
addition. The oiling of these was left to the super- 
vision of the production department foreman. During 
all of his years of experience, lineshafts had always 
been oiled every day. He could not comprehend that 
the new bearings required attention only at long periods 
and so compromised by instructing his oiler to oil them 
once a week. As the oiling was done while the shaft 
was in operation an excess of oil was poured in, only 
to run out again when the shaft stopped. This neces- 
sitated adding 2-qt. containers to catch the overflow. 

Many plants are getting over these difficulties with 
new equipment which is not thoroughly understood, 
by having the engineering or operating departments 
take over its care until it is well broken in and the best 
methods of oiling, inspection, and control have been 
demonstrated by practical operation to the satisfaction 
of everyone concerned. Then there is little excuse or 
opportunity for trouble. | 


Standardize the External Dimensions 
of Mill-Type Motors 


ANY attempts at standardizing industrial motors 
have been made, all of which have failed for 
various reasons. From the standpoint of the user, 
standardization cannot come too quickly. But from the 
viewpoint of the manufacturer, changing so as to meet 
certain standards which would not improve the per- 
formance of the motor, existing designs that have been 
evolved at great expense, would impose a hardship that 
manufacturers are undoubtedly justified in opposing. 
At the present time, however, conditions have 
changed regarding one type of industrial motor. It is 
now generally understood that manufacturers are about 
to redesign their lines of mill-type motors, which are 
used extensively in steel mills. The time is, therefore, 
ripe for undertaking a standardization program for 
this type of motor. 

A movement sponsored by the Association of Iron 
& Steel Electrical Engineers is now under way for 
standardizing such external dimensions of mill-type 
motors as will give interchangeability of motors of 
a given rated capacity. This Association is asking 
manufacturers to standardize on the following items: 
(1) horsepower ratings and speeds; (2) armature 
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bearing dimensions, particularly if ball or roller bear- 
ings are used; (3) maximum external dimensions; (4) 
mounting bolt-hole dimensions; (5) shaft diameters; 
and (6) shaft tapers, keys, and keyways. With all of 
the manufacturers standardizing on these features it 
is expected that each manufacturer’s mill-type motor 
will be interchangeable as a unit with any other manu- 
facturer’s mill-type motor of the same capacity. 

This is a program that deserves the whole-hearted 
support of not only steel mill engineers and operators 
but also the operating engineers of all industries. 
Standardization, on the features mentioned in the fore- 
going, will reduce inventories of motors, bearings, arma- 
ture shafts and pinions. It will enable all manufacturers 
to compete on equal terms on all jobs. It will make the 
operator’s problem of spares a much simpler one and 
will increase the turnover of electrical stores and spare 
equipment. Efficiency and economy mark the operation 
of the plan throughout. 

Moreover, this is the first decisive step towards the 
standardization of all types of industrial motors, a 
result that will be accomplished sooner or later, if there 
is an insistent demand on the part of industrial users. 
The Editors of INDUSTRIAL ENGINEER will be glad to 
have readers express their opinions on this subject. 


See — 
Overvoltage on Lamps May Cost More 
Than You Realize 


O ARGUMENT is needed to prove that burning 

lamps at overvoltage shortens their life. That is 
a matter of common knowledge. It is also easy to see 
how the necessity for frequent replacement of lamps 
increases the cost of operating the lighting systems. 
There is, however, another item of expense which is 
likely to be overlooked: namely, the cost of replacing 
burned-out lamps. On this point Andrew Vogel, Plant 
Engineer, General Electric Co., made the following 
comments at a recent meeting of the Illuminating 
Engineering Society: 


It frequently costs more to place a lamp in a socket 
than the lamp is worth. When you are lamping fixtures 
at a height of 30 to 35 ft., or in some cases at a height 
of 50 to 60 ft., it is a rather expensive operation. Naturally, 
you want to keep your voltage just as constant as possible in 
order to obtain the maximum life from the lamp. 

In our design of wiring systems we design the copper 
to enable us to get a maximum of three watts per square 
foot at any point, or over any reasonable area. We have 
also designed our wiring installations so that the difference 
in voltage with one lamp on, or with all of the lamps 
in the section on, shall not be more than three volts. In 
other words, we do not adopt any arbitrary percentage of 
voltage drop. If the incoming line gives us the proper 
voltage we are going to get all of the usable life out of 
the lamp; we are going to get everything out of that lamp, 
from the standpoint of life and maximum efficiency, in 
every way possible. 


Checking the voltage of the lighting circuits with a 
graphic voltmeter over a sufficiently long period to 
enable the variations to be determined, and study of 
your lamp replacement records, may point the way to 
a worth-while saving in the operating and maintenance 
costs of your lighting system. 
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— Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction ts that 
you do a good turn to the other fellow when he asks a 
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Who Can Answer 
These? 


Method of Marking Rubber Gloves.— 


I would appreciate receiving any in- 
formation concerning satisfactory 
methods of marking linemen's rubber 
gloves which are periodically subjected 
to electrical tests, as I wish to mark 
on the gloves the date of the last 
test. These gloves are used constantly 
for both inside and outside construc- 
tion work. Any help that readers can 
pe me will be greatly appreciated. 
owell, Mass. J. H. J. 
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What Are the Comparative Advantages 
of Two-Point and Four-Point Adjust- 
able Hangers?—I am planning on in- 
stalling an additional section of line- 
shaft and would like to get the 
opinions of other readers about 
whether to use two-point or four- 
point adjustable hangers. What are 
the advantages of each from the in- 
stallation, operation, and maintenance 
standpoints? Would these advantages 
be worth the difference in cost? This 
will be a 1 16/16-in. shaft, 50 ft. long. 
The present installations are all two- 
point adjustable hangers. Will other 
readers tell me what they would use 
and why? 

Indianapolis, Ind. B. K. W. 


Heating of Commutator on Rewound Re- 
pulsion-Induction Motor—I recently 
rewound a G. E. single-phase -h. p. 
four-pole type RI 110-volt repulsion- 
induction motor and am having 
trouble with it on account of heating. 
The commutator seems to heat flrst 
and in about two hours the motor gets 
so hot that you cannot put your hand 
on it, and it keeps on getting hotter. 
It does this when running idle. I have 
tested the commutator, armature, 
fields, and bearings and they seem to 
be O. K. The armature is well bal- 
anced. I used No. 16 d.c.c. wire in the 
rotor and main field and No. 18 in the 
compensating field. I shall appreciate 
any information regarding the cause 
and remedy of this condition. 
Hubbard, Ore. R. 8. 


Changing 25-Cycle Brake Coli to 60- 
Cycle Service.—I am having a little 
trouble in changing over a brake coil 
from 25-cycle to 60-cycle service. This 
coil is used on the brake on the hoist 
motion of a 10-ton traveling crane. 
The coil was originally wound with 
about 1,400 turns of No. 21 magnet 
wire for 25-cycle service. I have re- 
wound the coil using 800 turns of No. 
15 wire, but the coil only lasted a few 
days before burning out, and it does 
not seem to have the lifting power of 
the old coil when used on the 25-cycle 
service. This coil was formerly con- 
nected across a 440-volt, 25-cycle 
power supply and will be used on the 
same voltage for the 60-cycle service. 
The diameter of the smallest turn is 
about 2 in. and the largest turn about 
4 in. The coil is in reality a solenoid 


question that you can 
answer from your ex- 
perience. 
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with a plunger working through the 
center of it. Can some reader tell me 
how many turns to use on this coil 
and what size of wire should be used 
in order that I may use it on the 60- 
cycle power supply? 

Green Bay, Wis. H. B. 
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Drying Out Direct-Current Motors.—One 


of our largest steel works was recent- 
ly flooded, due to the breaking of a 
dam. About 500 direct-current, shunt- 
wound, 250-volt motors, ranging in 
size from 10 to 250 hp. have been 
under water for 10 days. Our prob- 
lem is to dry out these motors in the 
shortest time. The greatest difficulty 
encountered is in drying out the shunt- 
field coils. Drying out in an oven is 
rather slow, due to the large number 
of motors that must be taken care of. 
I would greatly appreciate learning 
from readers what methods they 
would suggest for drying out these 
motors, particularly the field coils. 

Bressoux, Liege, Belgium. P. V. H 
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Are Transformer Laminations Injured 


by burning off Oil and Insulating 
Compoundst—I will appreciate it if 
some readers can give me the follow- 
ing information: Does heating trans- 
former laminations to remove the in- 
sulating compound and oil injure them? 
Is it standard shop practice to do this? 
How much will the iron loss be in- 
creased, if any, by this procedure? If 
the laminations are japanned after 
burning off the oil and compounds, 
will this cut down the core loss? Will 
an oxide form on the iron, during the 
heating, which will cut down the core 
loss? How hot may the iron be heated 
without injuring it? 

Santa Ana, Cal. C. C. B. 
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Trouble with Solder.— We are having 


considerable trouble in making sol- 
dered joints hold on rectangular wire 
in coils that are subjected to rather 
high temperature, such as might be 
the case in series field coils and brake 
series coils. We have tried an 80 lead 
—20 tin solder, but it melts due to the 
excessive heat. Can our readers sug- 
gest any methods that will enable us 
to join these wires together in a man- 
ner that will stand rather high tem- 
perature? I shall be very much in- 
debted to any reader who can give me 
some help in this matter. 

Norton, Va. W. H. 


Overload Protection for Generators. — 


(1) We have installed in our power 
plant, two 2,000-kva. generators and 
two 4,000-kva. generators all of which 
are rated at 2,300 volts, three phase, 
60 cycles, 3,600 r.p.m., and are driven 
by steam turbines. What protection 
should we have on these generators? 
Should reverse power relays, or over- 
load relays, or both be used? Are 
these relays necessary and also what 
other protection is required on these 
machines? The four machines are ar- 
ranged to be paralleled together and 
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quite often all of them are running 


simultaneously. (2) We have installed 
one 50-kw., 125-volt, motor-driven 
generator which operates in parallel 
with two 100-kw. steam-driven ex- 
citers for supplying fleld excitation 


for synchronous motors. Should we 
have circuit- breaker protection on 
these machines and if so, should a 


three-pole circuit breaker be used? I 
shall appreciate any information that 
readers can give me regarding these 
questions. 

Detroit, Mich. R. J. B. 
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Winding Rectangular Wire on Edge. — 
I would like some suggestions from 
readers on how to wind coils, using 
rectangular wire or ribbon. These 
coils have to be wound with the copper 
on edge. My particular problem is 
the mechanical operation of winding 
the thin copper strips on edge with- 
out using too elaborate a machine. To 
be specific, I desire to wind both a 
round and an approximately square 
coil, using 1/16-in. by %-in. copper 
ribbon. The diameter of the core of 
this coil should be 1 in. and in the 
case of the square coil, the side should 
be 1 in. I also desire to make up a 
coil around a l-in. core using strip 
copper 0.01 in. by 1 in. 

Bloomington, III. A. S. 


Answers Received 
To Questions Asked 


How to Support a Mule Stand.—We are 
planning on a lineshaft installation in 
which it will be necessary for the 
shaft to extend across the room, with 
an additional section to be installed at 
right angles along the side wall. We 
have been considering using a mule 
stand but some of our men who have 
had experience with this device in 
other shops advise going to the ex- 
pense of separating the shafts and 
using two motors. 

I should like to know the methods 
other readers have used in supporting 
such stands and lubricating the pul- 
leys and the results they obtained. 
This is a mill-construction building 
with a 2 15 /16-in. main shaft and a 
116/16-in. shaft on the extension. 
Milwaukee, Wis. R. C. A. 


I believe that R. C. A. has the choice 
of two methods of supporting his mule 
stand. The first is to extend the shaft 
up to a support such as a roof girder, 
ceiling beam, or the like. A bearing 
may be mounted at the top and bottom 
and clamped tightly to the shaft to 
keep it from rotating. Provision should 
be made so that the shaft can be moved 
slightly in any direction for alignment. 
The second method, which is necessary 
where an overhead support is lacking, 
is to brace the upper end of the shaft 
by means of four truss rods of heavy 
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construction. These should extend to 
the walls or floor. 

However, I believe that a mule is un- 
desirable as there are usually lubrica- 
tion and belt troubles due to the fact 
that the space is cramped, which neces- 
sitates a short, tight belt. An idler still 
further complicates matters. Much the 
better method is to install a bevel gear 
drive. This has the advantage of re- 
quiring very little space, no overhead 
construction and slight attendance. A 
gear drive of the size given by R. C. A. 
would have one iron gear and one in- 
serted, wooden-tooth gear. 

A most important point is that if a 
ratio of, say, one to one is selected, and 
it need not be absolute, one gear may 
have say 100 teeth, while the other 
would have 99 or 101. This results in 
the teeth wearing more evenly and so 
giving more silent operation. It is pos- 
sible to use any desired ratio but it is 
well to see that the number of teeth 
in one gear is not a multiple of the 
number of teeth in the other. 


Chief Engineer, PHILIP N. EMIGH. 
The Mountain Water Supply Co., 
Indian Creek, Pa. 
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In answer to R. C. A.’s question 
about the practicability of using a mule 
stand for cross-shaft driving, I would 
say that he seems to have touched on 
the two most important points when 
he mentions the support and the lubri- 
cation. When properly installed and 
maintained there is no reason why that 
type of drive should not be satisfactory 
in every way; if, however, certain 
points are neglected the mule drive 
can be just as cantankerous and stub- 
born as its more famous namesake is 
credited with being. 

The accompanying sketch shows one 
of many such drives which I know from 
experience are giving no trouble what- 
ever and are almost noiseless in opera- 
tion. The only attention required is 
to screw down the grease cups daily. 

The main points considered in the 
layout and installation of this drive 
are its supports and lubrication. Figs. 
I and IV show how the mule stand is 
supported and braced. The arbor a is 
threaded into a 10-in. flange, b, which 
is bolted onto the bottom side of a 
10-in. by 12-in. timber. Two guy rods, 
e and d, with turnbuckle adjustments 
are attached to the bottom of arbor a 
to counteract the belt pull. This might 
appear to be an unnecessarily heavy 


Construction, bracing and method 
of lubricating a mule stand drive 
for a 4-in. belt with the mule pul- 
leys operating at 600 r.p.m. 
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and rigid support for a light drive, but 
the worst enemy of the mule drive is 
vibration and the more vibration can 
be eliminated, the better the drive will 
operate. 

The other important factor, lubrica- 
tion, is taken care of in this particular 
drive by grease cups which force com- 
mon grease into the end of a hollow 
shaft and out through small grease 
holes, as shown at i, Fig. II. The bottom 
of the pulleys, Fig. III, is finished as 
shown at k and is supported by the 
bottom l of the cup m; this cup also 
helps to retain the grease which is 
forced down through the hollow shaft 
and under the pulley by the grease cup 
above. 

This method of lubrication is quite 
satisfactory for light drives. These 
sketches show a drive with a 23§-in. 
main shaft and a 2%s-in. cross-shaft 
with a 4-in. belt. The mule pulleys 
operate at 600 r.p.m. For a heavy 
drive, however, where it is necessary 
to use a 10-in. or a 12-in. belt, roller 
bearings should be used on the shafts 
and ball-thrust bearings under the 
pulleys. 

There are a few other points which 
will also make for satisfactory opera- 
tion: one of these is to fasten a sup- 
port, h, Fig. I, to the end of the arm e 
which carries the pulley on which the 
slack side of the belt runs when the 
load is applied. When this is not done 
a sudden load will often cause the belt 
to drop off, although it takes very little 
to support it. 

It is also good practice, wherever 
room permits, to make the distances n, 
Fig. IV, between the centers of the pul- 
leys and the centers of the driving 
and of the driven shafts, a number of 
feet which will be at least twice the 
width of the belt in inches; thus, for 
a 6-in. belt the distance between shaft 
centers should be 12 ft. The reason 
for this is that the belt is twisted one- 
quarter turn and if that quarter twist 
is taken in too short a distance the life 
of the belt will be considerably short- 
ened and the drive will tend to give 
more trouble through vibration. 
Belleville, Ont., Can. J. H. GALLANT. 
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From my experience with a mule 
stand, I would strongly advise R. C. A. 
to drop the idea altogether especially 
for a permanent installation. If it is 
necessary to run one shaft at right 
angles to the main shaft by all means 
use another motor and drive this shaft 
independently. The saving in power 
alone will soon pay for the motor, to 
say nothing of the installation and 
maintenance costs of a mule stand. 


l 
| 
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It is very difficult to line up a mule 
stand so that the belt will run right 
on all four pulleys. There is no rule 
that can be applied; it is simply a mat- 
ter of cut and try. Moreover, to lubri- 
cate the pulleys on the mule, it is 
necessary to shut down to fill or screw 
down the grease cups. The power 
waste is enormous and the best belt will 
not survive long when used over a 
mule stand. 

For very light power transmission, 
involving not more than 2 or 8 hp., a 
mule might be more practicable, but 
from the size of shafts named in the 
inquiry, I surmise that R. C. A. ex- 
pects to transmit a considerable amount 


of power. GUY H. WINTERSTEEN. 
C .eveland, Ohio. 


If R. C. A. remembers that the same 
rule applies to mule stands as to all 
other pulley practice, that is, that the 
belt must run in such a way that it 
will feed onto the pulleys in a straight 
line, he will have less trouble. Mule 
stand pulleys operate most readily if 
the same size pulleys are used on the 
driving lineshaft and on the driven 
lineshaft. It is, of course, essential 
not to use a pulley of a diameter too 
small for the weight of belt. The 
diameter of pulleys to be used on the 
lineshaft is immaterial. 

Some industrial plant men prefer to 
use flanged pulleys on the mule stand, 
but this is not essential, and unless the 
pulleys are aligned absolutely the belt 
will wear on one or the other of the 
flanges. 

One of the best methods of securing 
the mule stand, wherever possible, is to 
use two shafthangers placed horizon- 
tially on a heavy post. Where a post 
or a wall is not convenient, the shaft 
of the mule stand may be attached to 
the ceiling or floor by mounting one. 
end in a cast iron socket or floor plate 
screwed to the ceiling or floor. The 
other end is braced by guy wires or 
cables preferably with a turn-buckle in 
them for taking up any slack and giv- 
ing sufficient tension, so that the mule 
stand will maintain vertical alignment, 
even when the drive is operating under 
full belt tension. A mule stand must 
be erected very substantially or it may 
be pulled down in case the belt breaks, 
as was once experienced by the writer. 
Digin, III. SVEN D E. SALOMONSEN. 
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What aber Equipment Will Be Required 
Heret—I would like to have some of 
our readers tell me what equipment 
they think will be necessary for a 
shop to handle a neral motor repair 
business in a city 8 a population. 
o i . I wish to have as com- 
pletely equipped a shop as is consist- 
ent with the amount of repair work 
that I may expect to do in a city of 
this size. Any recommendations as 

and makes of equipment 
necessary, will be very much appreci- 
ated. Also, I should like to know 
what kinds and amounts of supplies, 
such as insulated wire, insulation, var- 
nishes, tapes, etc., should be carried 
in stock. 

Pedro Miguel, Canal Zone. P. F. W. 


Answering P. F. W.’s question, a 
great deal would depend upon the size 
and type of machinery used in this 
town, and whether the power supply is 
mostly alternating or direct current. I 
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presume that it is alternating current. 
The average contracting shop for re- 
pairing motors, transformers, and con- 
trol equipment is established in a build- 
ing approximately 60 ft. by 80 ft. 

Regarding the selection of equipment, 
the following suggestions are offered: 
He will need a lathe with at least a 
9-in. swing, which will permit rotors 
or armatures of about 18 in. diameter 
to be handled. A grinder with fine and 
coarse wheels about 8 in. in diameter 
and a small power drill for taper-shank 
bits, with an adjustable, round shank 
for small drills, will be needed. Coil 
winding equipment which may be ob- 
tained with the motor attached is the 
most suitable because there are no line- 
shafts or belts to install. At least one 
taping machine will be necessary. I 
would recommend the coil winding ma- 
chine and attachments invented by 
S. H. Browning and manufactured by 
the Mutual Foundry Co., Atlanta, Ga. 
This company also makes a coil 
spreader. These machines are used by 
many electrical repair shops and are 
advertised in INDUSTRIAL ENGINEER. 

For dipping and baking, a sheet-iron 
tank about 2 ft. deep, by 4 ft. wide and 
6 ft. long, will be found suitable for 
this purpose, although the dimensions 
may be altered as necessary. I would 
recommend a ventilated oven about 6 
ft. long, 5 ft. wide and 5 ft. high, built 
of brick or some other insulating ma- 
terial. This oven may be electrically 
heated, if gas is not available, or it 
may be either oil fired or steam heated, 
if desired. 

Equipment for heating ovens with oil 
may be obtained from Hauck & Co., 
Brooklyn, N. Y. A monorail system 
with a 1-ton, chain hoist is almost a 
necessity. This monorail should ex- 
tend the full length of the shop and be 
arr d so that it passes directly over 
the lathe, the dipping vats, right into 
the oven. A switch should be arranged 
so that motors can be handled from 
trucks at the doorway, or so that 
trucks can back under the monorail. 

One or two armature racks should 
be built of 4-in. by 4-in., or 4-in. by 
6-in. timbers, bolted together and well 
braced. A table of heavy material 
should also be built for supporting 
stators, while being wound. Both table 
and armature racks should have casters 
about 8 or 4 in. in diameter; smaller 
casters are a source of annoyance. The 
workbench should be provided with 
drawers for hand tools and should be 
well lighted both for night and day 
work, since there will be many overtime 
jobs on elevators and other important 
equipment. 

The supplies needed will vary some- 
what, depending on whether the equip- 
ment to be repaired is large or medium- 
sized, and also on whether the larger 
portion is a.c. or d.c. If the town of 
Don Miguel does not have an electrical 
supply house, the stock would probably 
have to be larger than ordinary. The 
following stock of tape will be re- 
quired: 1-lb. rolls of %-in., friction 
tape; %-in., cotton tape in rolls about 
8% in. in diameter, for use on the 
taping machine and %-in., varnished- 
cambric tape in 3%-in. diameter rolls 
so that it may be used on the taping 
machine for high-voltage equipment. 
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The thickness of the tape should be 
from 0.010 in. to 0.015 in. 

Fishpaper is the most commonly 
used insulating paper and the untreat- 
ed variety is the most flexible. The 
moisture content is only about 7 per 
cent, which can be reduced by heating 
the machine before dipping. The thick- 
nesses generally used are 0.010 in., 
0.015 in. and 0.020 in., which may be 
combined to obtain almost any thick- 
ness desired. A supply of fibre sheets 
18 in. by 30 in. and of 1/8 in., 1/16 in. 
and 1/32 in. thickness will be needed 
for wedges and strips. Flexible mica, 
used for insulating transformers, mold- 
ing mica, used for commutator cones 
and slip ring insulation, and commu- 
tator segment mica come in sheets ap- 
proximately 18 in. by 30 in. and should 
be obtained in thicknesses of 0.020 in., 
0.025 in., 0.030 in. and 0.035 in. Mold- 
ing mica sheets 0.045 in. and 0.050 in. 
thick should also be obtained. An insu- 
lation cutter should be bought, as it 
will be found useful in cutting tin clips 
for bands and fastening coils before 
taping. It will also be found necessary 
in preparing insulation for closed slot 
stators and other equipment. Several 
sizes of cotton sleeving should be 
stocked and if d.c. or wound-rotor a. e. 
motors are to be repaired, various 
thicknesses of carbon and one or two 
sizes of pigtail wire will be needed for 
brushes. 

Magnet wire will be an important 
item in your stock. It is made round, 
square and rectangular, which would 
make it impossible to stock every size 
and shape required; so the best thing 
to do is canvass the possible customers 
and ask permission to check up on 
their equipment. Obtain the horse- 
power and note whether d.c. or a.c., 
single- or poly-phase. Also note the 
temperature rating. Procure a wire 
gage and find the size of wire, from a 
stub, if the motor is of unusual design 
or size. The average a.c. or d.c. arma- 
ture will have wire ranging from No. 
9 round to No. 17 round. In small 
motors the wire will range from No. 20 
to No. 33. Large stators and wound 
rotors sometimes have square, and in 
other cases rectangular, wires. In an 
emergency substitute round wire for 
this odd-shaped wire, but try to keep 
the cire. mil area the same, using the 
wires in parallel. Sometimes on a. c. 
windings the slot span can be changed 
to make up for the loss of copper. 
Copper bars can be reinsulated. 

Paint is to the armature winder 
what putty is to the carpenter, “a 
friend in need.” I prefer yellow or 
amber baking varnish for oilproofing; 
when the finished machine is removed 
from the oven, and is still hot, I spray 
or brush it with black air-drying var- 
nish. Black varnish gives a neat ap- 
pearance and also makes the machine 
practically waterproof. 

Tinned steel wire, sizes No. 16 to 21, 
will be required for bands on single- 
phase and wound rotors and d.c. arma- 
tures. Burnley’s soldering paste and 
soldering acid will be needed, as well 
as half-and-half solder wire, which is 
sold by the pound on reels weighing 
from 10 Ib. to 50 lb. A solution of 
denatured alcohol and rosin can be 
used as a flux for soldering armature 
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bands. Shellac gum is bought by the 
pound, or it may be purchased already 
prepared in one quart or con- 
tainers. Amber shellac is best for all- 
around use. Glue should be bought in 
half-pint or pint cans, Le Page’s glue 
is considered good. 

P. F. W. will have to use his own 
judgment in selecting material, as he 
is familiar with the district in which 
he is located and knows whether he 
has any competitors, and their strength. 
He can also determine the amount of 
equipment installed in the town or dis- 
trict and from this determine what 
materials he should have on hand. 
Birmingham, Ala. GRADY H. EMERSON. 


Misleading Results Sometimes Obtained 
from es Test.—Sometimes I get 
rather misleading results through the 
use o A magneto to determine 
whether there are defects in some of 
our electrical apparatus. Under 
tain conditions have found that the 
magneto will indicate a dead ground, 
whereas further investigation shows 
that the equipment is in ve ood 
operating condition. Also, 7 Pave 
found that a magneto will sometimes 
indicate an open in a shunt-field coil, 
when further investigation shows that 
the field coil is O. K. I should like to 
know if any readers have had similar 
experiences and can explain the rea- 
sons for this peculiar action of the 
magneto. Also, can you suggest other 
test methods that might be used un- 
der the conditions mentioned? 
Omaha, Neb M. P. 
Answering M. P., the misleading in- 

dications to which he refers are the re- 

sult of the alternating current produced 
by the magneto. If the equipment be- 
ing tested has an appreciable electro- 
static capacity, it acts as a condenser 
and permits the alternating current of 

the magneto to flow and thereby a 

ground is indicated even when the 

insulation resistance is high. 

The false results indicated while 
testing shunt field coils are due to the 
inductance of such coils, which may be 
so high as to prevent the alternating 
current of the magneto from flowing, 
thus indicating an open circuit. 

It is much better to use a direct- 
current source of supply for such tests. 
There is an instrument available known 
as the Junior Megohmer (made by 
Herman H. Sticht & Co., New York, 
N. Y.), which furnishes 110 volts 
direct current and is well suited for 
tests such as mentioned by M. P. The 
cost of the instrument is very little 
more than that of a good magneto. It 
has a range of 20 megohms and is, 
therefore, suited for many other tests 
which cannot be made with a magneto. 
New York, N. Y. GEORGE O. POWERS. 
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Answering the question asked by 
M. P. regarding the use of our old 
standby, the magneto, I would say that 
many place too much confidence in 
magneto tests and consequently are 
often misled, causing much trouble and 
useless expense. Magnetos are all 
right to use on lighting circuits or mo- 
tor circuits in conduit or otherwise, but 
they are useless in testing a circuit or 
a number of circuits of high capacity. 
I have tested circuits with a magneto 
and found them apparently grounded, 
but in testing the same circuit with the 
proper apparatus the insulation was 
found to be excellent. 
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The best instrument any electrical 
repair gang can have around the shop 
is a megger. This does not necessarily 
have to be a large expensive outfit. 
The small megger in the aluminum 
case, put on the market by James 
Biddle, is very handy for all-around 
testing and will not give misleading 
results if properly used. Any good 
instrument of this type will be found 
to be worth many times its cost in an 
industrial plant of any size, especially 
one large enough to have electricians. 

The megger can be used for making 
periodic tests on motors, starters and 
many other pieces of electrical equip- 
ment. If records are kept of these 
periodic tests on cards or charts where 
they can be referred to from time to 
time, many costly shut-downs may be 
averted because the condition of the 
equipment will be known in advance 
and may be repaired before it finally 
gives out, causing serious damage. If 
it cannot be repaired at the time, spare 
equipment can be made ready to take 
its place on short notice. An hour 
saved in many large industrial plants 
is well worth the price of any such 
insulation testing instruments. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., 
Donnacona, Que., Can. 


Replying to M. P.’s question in a 
recent issue; nearly all magneto test 
sets generate alternating current. Since 
this is the case, the flow of current 
will not be limited by the ohmic re- 
sistance alone, but will be limited by 
the impedance of the circuit. The im- 
pedance of the circuit in ohms is equal 
to the square root of [the resistance 
squared plus (the difference of the in- 
ductive reactance and the capacitive re- 
actance squared) J. The use of an al- 
ternating-current test set on a circuit 
containing capacitive reactance or in- 
ductive reactance would require some 
information concerning the relative 
magnitude of the quantities involved. 
This information is usually not avail- 
able and for this reason the use of the 
magneto test set is rather limited in 
its application. 

Practically all electrical machinery 
has a considerable amount of induc- 
tance or inductive reactance. The in- 
ductance of a circuit is directly pro- 
portional to the magnetic flux, the 
number of turns, and inversely pro- 
portional to the current. From the 
above it is seen that a large number 
of turns or an iron core will greatly 
increase the inductance of the circuit. 

A shunt field coil has a very large 
number of turns and also has an iron 
core, and consequently has a large 
amount of inductance. The inductive 
reactance is directly proportional to the 
inductance. If the capacitive reactance 
is zero and the ohmic resistance is small 
in comparison to the inductive react- 
ance, the impedance will be largely de- 
termined by the inductive reactance. 
All magneto test sets are rated to ring 
through resistance and not through 
impedance. In the above case the im- 
pedance is very large and the resistance 
is small; hence the magneto will indi- 
cate an open circuit because of its 
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inability to ring through the high im- 
pedance of the field coil. 

To test shunt field coils, when the 
magneto indicates an open circuit, 
direct current must be used. Several 
dry cells connected in series will in 
most cases give good results. 

en the magneto indicates a 
ground or a short-circuit when none 
exists, it is caused by the capacitive 
reactance of the apparatus. The capa- 
citive reactance is inversely propor- 
tional to the frequency and to the 
capacitance. The capacitance of a con- 
denser is the measure of this condenser 
to hold a charge. Two conductors 
separated by a dielectric form a con- 
denser. From this it is seen that all 
electrical apparatus must be composed 
of a large number of condensers. 

Alternating current will flow through 
a condenser and as the magneto gener- 
ates an alternating current and if the 
apparatus has sufficient capacitance, 
the magneto will indicate a ground or 
a short-circuit where none exists. 
Therefore, it will be necessary to apply 
some other test. As a rule electrical 
machinery does not have sufficient 
capacitance to cause the magneto to 
indicate a ground, this being more 
noticeable on transmission lines. 

For insulation testing the Megger 
manufactured by the James G. Biddle 
Company, Philadelphia, gives excellent 
results. For information concerning its 
operation and construction, refer to 
literature of that company. It may be 
of interest to note that the Megger has 
a direct-current generator and for that 
reason it may be used where magneto 
test sets would give misleading results. 

CHAS. F. CAMERON. 
Rock Springs, Wyo. 
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In reply to M. P.'s question, I would 
say that I have used the ordinary mag- 
neto testing set successfully for several 
years on general troubleshooting. It is 
a fact, however, that the high-resist- 
ance magneto will ring apparent 
grounds when they do not exist. But 
if one is careful in testing and turns 
the magneto handle himself he will find 
that the handle turns easily when the 
ground is “false.” When the ground is 
“dead” or positive, the handle of the 
magneto will be found to turn hard; 
that is, it will be harder to turn than 
in the case of a “false” ground. The 
“false” ground also rings the bell with 
a fainter tone. If the magneto has 
about a 16,000-ohm rating it will be 
found to give better results for general 
testing of circuits and equipment. A 
35,000-ohm magneto is not very well 
suited for ordinary work, but can be 
used to better advantage on high- 
voltage equipment, such as 6,000 volts 
and higher. 

A very good ground testing outfit 
can be made by using an ordinary po- 
tential transformer such as used for 
voltmeters and other switchboard in- 
struments. The usual tests are for 
2,200 volts and below; so a transformer 
of 2,200/110 volts rating can be used. 
The low-tension side of the transformer 
may be connected to any 110-volt cir- 
cuit through a fuse, while one side of 
the high-tension winding is connected 
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to the machine or circuit to be tested, 
the other wire being connected to 
ground. If the machine or circuit is 
defective the primary fuse will blow. 
This is a fairly reliable test even on 
2,200-volt equipment of small capacity. 
For finding grounds on stators and like 
equipment (provided no other method is 
handy) the normal voltage of the ma- 
chine can be applied to one wire 
through a fuse and the oil switch 
thrown in; an arc is usually visible at 
the grounded coil. 

On 500-volt shunt fields and some 
designs of 250-volt fields, the magneto 
gives a faulty indication; that is the 
bell does not ring, thereby indicating 
an open-circuit. Try breaking the mag- 
neto circuit while ringing; a small 
spark is usually visible if the circuit is 
not open. A magneto of 50,000 ohms 
will usually ring on these fields. If 
the voltage on which the fields operate 
is available they can be momentarily 
connected directly across the line. If 
the field has a magnetic pull or gives 
an are upon breaking the circuit, the 
field is not open. 

A magneto test is not infallible, how- 
ever, as I well remember after inter- 
mittently testing a shunt field on a 
small motor for three or four hours. 
A circuit was indicated each time, but 
the motor operated as if it had an open 
field. Finally I pulled the lead wires 
to each field and found one of them to 


be loose. GRADY H. EMERSON. 
Birmingham, Ala. 


8 ¢ $ g 


The reason that M. P.'s magneto 
indicated that a good machine was 
grounded, is because the machine had 
a small amount of electrostatic capa- 
city between the conductors and ground. 
The magneto generates alternating cur- 
rent which, when impressed on even a 
small amount of electrostatic capacity, 
delivers a sufficient amount of current 
in charging the “condenser” to ring the 
magneto bell. Almost any motor, gen- 
erator, rotary converter or power cable 
has some electrostatic capacity and, 
therefore, the magneto is of relatively 
little value for making tests on them. 

As to why the magneto did not ring 
through the field coil—this is a case of 
inductance, which may be considered 
as the opposite of electrostatic capacity. 
The inductance acts as a “choke” to the 
alternating current from the magneto, 
to such an extent that the current 
which does pass through the coil is too 
small in amount to ring the bell. 

This inductance phenomenon also 
makes it very difficult to use a magneto 
with any degree of reliability for test- 
ing insulation of field coils. For ex- 
ample, if the coil is grounded near one 
end of its winding, and the magneto is 
connected to the other end, the induct- 
ance through which the magneto cur- 


rent will have to pass before complet- 


ing its circuit, may be so great as to 
prevent the bell from ringing. Or, if 
the ground is at the center of the wind- 
ing, a test either way may still show 
clear on account of the inductance of 
the coil. ` 

It is the writer’s experience that the 
so-called magneto is of little or no value 
either for testing grounds or for test- 
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ing field coils. It rings through electro- 
static capacity and does not ring 
through inductance. Also, a magneto 
gives no accurate idea as to the insula- 
tion resistance value in ohms, of the 
apparatus tested. On this point, when 
a test of insulation is made and the 
bell does not ring, one knows only that 
the insulation resistance is greater 
than a certain amount, this being the 
resistance rating of the magneto. Prac- 
tically the only good use for a magneto 
is in testing the continuity of wiring. 

The best way to test field coils is to 
connect them in series with 110 or 220 
volts d.c. through a suitable lamp bank 
if necessary. Then, with a voltmeter, 
measure the drop across each coil. This 
test shows whether the windings are 
continuous, and also tells by comparison 
whether the coils have approximately 
the same number of turns. If the 
coils are known definitely to have the 
same number of turns of the same kind 
of wire, a variation in the voltmeter 
readings indicates short-circuited turns 
in the low-reading coils. 

For testing insulation resistance an 


insulation resistance measuring instru- 


ment, such as a Megger testing set 
will be found useful. The Megger is a 
direct-current generator outfit, and has 
a direct-reading ohmmeter scale on 
which may be read the actual value of 
the insulation resistance. A recent 
modification of the Megger, known as 
the Meg Insulation Tester, generates 
500 volts direct current and the scale 
reads up to 100 megohms (100,000,000 
ohms), the first mark above zero on 
the scale being 10,000 ohms. Small 
amounts of electrostatic capacity do not 
affect the reading of this instrument. 
Neither is it affected by the speed at 
which the crank is being turned by the 
operator. 

For large machines with a consider- 
able amount of electrostatic capacity, 
use may be made of the Super-Meg, 
which generates a constant voltage by 
means of a slip-clutch arrangement 
when the crank is turned above its 
rated speed. Instructions for using 
these instruments are contained in our 
pocket manual 1060E. I shall be glad 
to send a copy of this manual to M. P. 
or to any reader who is interested in 
insulation resistance measurements. 

T. B. WHITSON. 


James G. Biddle, 
Philadelphia, Pa. 
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Replying to the question by M. P., 
the use of a magneto in testing is very 
likely to give misleading results, ex- 
cept in such work as is within the 
range of the instrument. A magneto 
is, in general, designed to ring through 
20,000 to 40,000 ohms resistance. Elec- 
trostatic capacity must be considered 
when using the magneto in testing long 
circuits or cable circuits as it is this 
capacity that will cause the bell to 
ring and indicate a short-circuit, 
whereas no short-circuit may exist in 
this ease. 

Iron in a circuit has quite the oppo- 
site effect, but this is due to the in- 
ductance of the circuit which tends to 
prevent current from flowing, indicat- 
ing an open circuit, and must be con- 
sidered when ringing out the field coils 
of generators, motors and the like. 
Test bells and test. lights are useful 
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in many instances and also there are 
different devices on the market which 
are used as fuse testers to simplify 
testing work on electrical circuits. A 
telephone receiver may be wired as a 
circuit tester and is often used in this 
respect. The A. V. O. tester has a 
number of qualities to recommend it to 
the average electrician who does not 
have the money to spend for various 
instruments, as it is a combination volt- 
meter, ammeter and ohmmeter. 

West Allis, Wis. EDWARD JAMES. 
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Measurements Requlred for 
Condult.— When ending conduit by 
use of a hickey, what measurements 
should be taken for making an offset, 

several conduits 

laced 
side by side? I find it hard to get 
both sides the same on a double offset. 

Can some reader tell me how I can 

make a good-looking. job by the use 

of a hickey on this kind of bending? 

If any readers have other devices or 

methods for malin double bends and 

offsets I should like very much to 
know about them. 

Worcester, Mass. R. S. T. 

In answer to the question asked by 
R. S. T. regarding a method for ac- 
curately measuring an offset that is to 
be made in a conduit, I have used the 
following method with very satisfac- 
tory results. 

For example, assume that a conduit 
is to be installed as shown in the accom- 
panying illustration. It is to be run 
from an outlet box on the wall of the 
first fioor, as at point 1, up to the wall 
to the offset and then run up through 
the second floor and extend upward 
along the partition on this floor, as is 
shown in the diagram. To make an 
offset in a conduit so as to fit this loca- 
tion accurately, the procedure is as 
follows: First, measure the distances 
A and L between the points 1 and E, 
and 2 and 3, respectively. Make the 
distance L as short as possible. Then 
measure the distance W between the 
wall on the first floor and the wall on 
the second floor; this is, in reality, the 
distance offset by the two walls. 


M 
Measurements that should be taken 
and methods of laying them out to 
insure making accurate offsets in 
conduits. 


Bending 
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Then upon the floor or any flat sur- 
face that is convenient, lay off these 
distances as measured. In the bottom 
diagram these distances are laid off, 
the distance A being laid off as a 
straight line between points 1 and 2, 
the distance W being laid off at right- 
angles to A between the points 2 and 
M; the distance L is laid off on an ex- 
tension of the lines 1-2 between the 
points 2 and N. The line N- is drawn 
in perpendicular to the line 1-2-N; 
likewise line M- is drawn in perpen- 
dicular to the line 2-M to form the rec- 
tangle, 2-N-8-M, as is shown in the 
diagram. The line M-39 is then ex- 
tended to the right, as is also shown 
in the diagram. 

The diagonal to this rectangle is now 
drawn as shown at 2-8. Conduit must 
then start at point 1 and follow along 
the line 1-2 until it reaches point 2; it 
is then bent down to follow along the 
line 2-8 until it reaches point 8, where 
it is then bent up or offset to follow 
an extension of the line M- which is 
parallel to the line 1-2. In other words, 
the line 1-2 represents the partition on 
the first floor and the line 8-O repre- 
sents the partition on the second floor. 
The line N- represents the ceiling of 
the first floor, while point 2 is the point 
at which the offset or first bend is 
started. From this diagram the total 
length of conduit required can be 
measured directly according to the 
dimensions obtained. 

In making the offset in the conduit, 
first place one end of the conduit at 
point 1 and at point 2 mark the con- 
duit for making a bend. After making 
a bend by means of a hickey at point 2 
until the conduit has been bent so as 
to coincide with the line 2-8, point 3 
can be marked on the conduit for the 
second bend. Then with the hickey at 
point 3, bend the conduit upward until 
it coincides with the line 8-O as shown 
in the diagram. 

This is an exceedingly simple method 
of measuring and making an offset so 
that it will fit on the first trial and 
thereby eliminate unnecessary climbing 
of ladders and waste of time in trying 
and fitting, as prevails under the bend- 
and-try method and which also makes 
it difficult to do a good job. 

By measuring the distance A one can 
avoid the necessity of cutting a short 
piece of conduit to piece out to the 
required distance. Special pains should 
be taken in measuring the distance W 
to insure that the exact distance is ob- 
tained between the two walls against 
which the conduit is to lay. The ac- 
curacy of this measurement makes all 
of the difference between a neat-appear- 
ing and a poor installation. 


Plant Electrician, OVIDE C. HARRIS. 
Freiberg Mahogany Co., 
New Orleans, 
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Replying to the question asked by 
R. S. T., I wish to submit the follow- 
ing data which I clipped from Popular 
Mechanics some time ago. I have used 
these data and find that with a little 
practice one can make right- angle 
bends in 3%- and &. in. conduit quite 
accurately. With the larger sizes of 
conduit, it is necessary to use a bend- 
ing machine. I use either a Lakin 
(made by Thomas & Betts Co., New 
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Data for Laying 90-deg. Bends 
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York, N. V.) or an Austin hickey 
(manufactured by M. B. Austin & Co., 
Chicago, III.) Either of these devices 
will give very satisfactory service. 

The data for measuring a conduit 
for the bends are given in the accom- 
panying table. An example of the use 
of this table is shown in the accom- 
panying illustration. Suppose that a 
%-in. conduit is to be run from the 
ceiling outlet box shown in the top 
illustration across the ceiling and down 
the wall. 

Take a length of -in. conduit and 
lay out the distance L as shown in the 
bottom illustration. Locate in the first 
column, “Size of Conduit,” the size of 
conduit you are working on—in this 
case, -in. On this line, you will find 
5, under column A- In, and 2 under 
column “C-+-In.” 

Then from point B on the conduit in 
the bottom illustration lay off 5 in. to 
the left as shown at A. Also lay off 2 
in. to the right, as shown at C. Then 
start the bend at A and finish it at C. 
If the measurement L, in the top illus- 
tration is made to the conduit, instead 
of the wall, as is shown in the illustra- 
tion, the diameter of the conduit must 


Method of measuring conduit for 
making bends. 

By means of the table, the points 
A and O are located with reference 
to B which is placed a distance of L 
from the end of the conduit. The 
bend is started at A and finished 
at the point O. 
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be added to the distance used as L in 
the bottom illustration. 

I use a 3-ft. piece of 1-in. conduit to 
slip over -in. conduit, and a 1%-in. 
pipe to slip over %-in. conduit. 

GEORGE W. STIRTON. 
San Bernardino, Calif. 


Low-Voltage Generator Will Not Excite. 
—It was necessary to rewind the 
shunt field coils of a 50-volt generator 
of very low capacity, which is direct- 
connected to a small motor having a 
speed of about 4,000 r.p.m. It is a 
two-pole machine having 2,000 turns 
of No. 37 wire in each shunt field coil. 
When the winding was completed, the 
machine generated 65 volts satisfac- 
torily. It was then found necessary 
to reverse the generator position with 
regard to the motor, which of neces- 
sity reversed the direction of rotation: 
due to this reversal of rotation the 
residual magnetism of the generator 
was lost. When I separately excite 
the shunt fields from a 650-volt, direct- 
current bus the generator develops its 
proper voltage. When I reconnect the 
fields to the armature terminals I get 
a reading of only 1 volt. I wish some 
reader would tell me what is wrong 
and how I can correct this trouble. 
Stamford, Conn. W. E. H. 


In answer to W. E. H., it would 
appear that he is magnetizing the shunt 
fields for one polarity with the sepa- 
rate excitation and reconnecting the 
flelds to the wrong armature terminals, 
so that the armature current bucks 
the residual magnetism that has been 
just built up. 

To correct this either (1) connect 
the flelds as formerly to the separate 
excitation, but reconnect them to the 
oposite armature terminals after sepa- 


rately exciting them, or (2) connect 


the flelds to opposite terminals of the 
separate excitation and make the same 
reconnection of field leads to the arma- 
ture as was formerly used. i 

CECIL W. ZIMMERER. 
New York, N. Y. 
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In answer to the question that was 


‘asked by W. E. H., I presume that his 


generator is a shunt-wound machine. 
When he changed the rotation of the 
generator mechanically he should have 
changed it electrically, and this is done 
by interchanging the shunt field leads 
at the armature. The very fact that 
it generated when first started and 
failed when he changed the direction 
of rotation, is sufficient evidence that 
there is nothing seriously wrong with 
the generator and his only trouble is 
that the reversed polarity of the arma- 
ture (due to reversed rotation) tend 
to send current through the shunt 
fields in the oposite direction to that 
formerly obtained, with the result that 
the residual magnetism in the field 
poles is killed and the generator does 
not build up. WM. P. AMANNS. 
Chief Electrician, 


Knoxville Iron Co., 
Knoxville, Tenn. 
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Answering W. E. H., the general 
description of the difficulty does not 
make any reference to the position of 
the brushes or the operation of the 
generator as to sparking at the. com- 
mutator. While the flow of current in 
the field of a shunt generator is the 
same when operated as a motor or 
generator provided it revolves in the 
same direction as before a reversal of 
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rotation, as outlined in the question, 
will cause a reversal in the generated 
voltage; hence the flow of current in 
the field winding will be reversed and 
the electromagnetism set up in the 
field core will oppose the residual mag- 
netism so that the resultant magnetism 
for a self-excited machine will be prac- 
tically zero. Hence, no voltage will be 
delivered by the machine when self- 
excited, unless some means such as 
separate excitation is used to give the 
residual magnetism the correct polar- 
ity, or by reversing the field connec- 
tions, which will also give the same 
effect. 

It will also be necessary for satis- 
factory operation to shift the brushes, 
in the direction of rotation, to a point 
where satisfactory commutation is 
obtained; that is, the electrical neutral 
point shifts ahead with a change of 
rotation, to a point which has the same 
angular relation with the mechanical 
neutral as before. 

It is assumed in the foregoing dis- 
cussion that the generator is of the 
non-commutating pole type. 

C. OTTO VON DANNENBERG. 


Designing Engineer, 
Sanderson & Porter, 
Springdale, Pa. 
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In answer to W. E. H., I will say 
that it is necessary, if the generator 


is a shunt machine, to interchange the 


leads of either the armature or the 
field to cure his trouble. If the ma- 
chine is a compound-wound generator 
W. E. H. should also reverse his series- 
field leads, should he decide to reverse 
the shunt-field leads. If the generator 
has an interpole winding and he should 


decide to interchange the armature 


leads he must also reverse the inter- 
pole leads or what is the same thing, 
but probably more convenient, the in- 
terpoles and armature connections can 
be reversed as a unit. 

It may be necessary to separately 
excite the shunt-field winding in order 
to restore the residual magnetism in the 
right direction. 

Ft. Dodge, Ia. CLAUDE D. MARTIN. 
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In answer to W. E. H.’s question re- 
garding the low-voltage generator that 
will not excite itself, the fact that, 
after he rewound the shunt fields, the 
machine generated 55 volts satisfac- 
torily proves that his rewinding is cor- 
rect. The direction of rotation of the 
generator was then reversed and the 
machine would not generate. 

To correct the trouble, simply change 
the polarity of the field connections 
with regard to the armature. In other 
words, reverse the field connections to 
the armature or brush holders. This 
machine should now generate the same 
voltage as before, providing the speed 
is the same. On account of the re- 
versed polarity which might have been 
set up in the field cores previously, it 
may be necessary to excite the fields 
once, from the bus or a battery, so as 
to obtain a residual magnetism of the 
correct polarity to start the machine 
generating. 

This is exactly the same proposition 
as reversing the direction of rotation 
of a d. c. motor. If the generator has 


to run in the opposite direction of rota- 
tion the connections between field and 
armature must be reversed. 

Guy H. WINTERSTEEN. 
Cleveland, Ohio. 
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In answer to W. E. H.’s question, I 
would say that on any direct- current 
machine there are four conditions which 
can be changed. These conditions are 
(1) change from a generator to a 
motor, or vice versa; (2) change in 
direction of rotation; (3) change in 
armature polarity; (4) change in field 
polarity. If any one of the above con- 
ditions is changed, one of the three 
remaining conditions must also be 
changed in order to bring the machine 
back to the same status as it was 
originally. 

In the case mentioned by W. E. H., 
the direction of rotation was changed. 
The natural thing to change with the 
direction of rotation was the flow of 
current through the armature. When 
the voltage started to build up, current 
began to flow through the field coils 
in the opposite direction to its flow 
before the change was made. This 
produced a magnetic flux in the field 
which was in the opposite direction to 
the residual magnetism in the field 
poles, thereby cancelling the same, and 
preventing generator from generating. 

If the armature terminals that were 
connected to the brush holders had 
been reversed, the voltage would have 
built up without any difficulty, for in 
this case the direction of current 
through the field coils would not have 
been reversed to that formerly obtained 
and consequently, the residual mag- 
netism in the field poles would not have 
been killed. This can be done as shown 
at A and B in the accompanying illus- 
tration. 

Sometimes, it is not convenient or 
permissible to interchange the arma- 
ture leads on the brush holders. In 
such cases the change can be made by 
reversing the connection of the shunt- 
field coil to the busbar leads, as is 
shown in C of the accompanying illus- 
tration. 

Probably the easiest way of correct- 
ing the trouble that W. E. H. is ex- 
periencing, would be to change the 
direction of rotation of the generator 
by reversing the direction of rotation 
of the motor, thereby bringing the 


Relation of direction of rotation, 
armature polarity, and field polar- 
ity, in motors and generators. 


At A is shown the relation of field 
current, J, armature current, I. 
armature polarity, and direction of 
rotation R, for a generator. To 
maintain the same status after re- 
versing the direction of rotation of 
the armature, it is necessary to 
reverse the armature leads as 
shown at B. This change could also 
be made by reversing the feld con- 
nections, as is shown at QC. 


generator back to its original operat- 


ing condition. J. M. ZIMMERMAN. 
Renewal Parts Engineer, 
Westinghouse Elec. & Mfg. Co., 
Pittsburgh, Pa 
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Effect of Turning Rotor on Split-Phase 
Motors—I recently had to make re- 
airs on some split-phase motors, and 
ound it necessary to turn down the 
squirrel-cage rotors. I wish some 
reader would tell me what effect this 
would have on the motor character- 
istics, such as speed and capacity? 
Also, can some reader tell me how to 
reverse the direction of rotation on 
shaded-pole type motors? What is 
the rule for determining the direction 
of rotation on such motors? 
Hood River, Ore. V. G. W 


Replying to question by V. G. W. 
about turning down the rotor of a 
split-phase motor, the actual effect 
would be to increase the magnetizing 
current because of the larger air gap. 
This increase would probably be no- 
ticed most at no-load operation. Such 
a condition may be compared to a 
transformer with loose joints in the air 
gap. C. OTTO VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter, 
Springdale, Pa. 
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In answer to V. G. W.’s questions, 
I will consider each one in the order 
asked. The first and most important 
effect of reducing the diameter of the 
rotor is to enlarge the air gap, which 
increases the magnetizing current and 
decreases the power factor. Stray or 
leakage flux is also increased affecting 
the pull-out torque and tending to make 
the motor noisy in operation. 

The net effect of reducing the diam- 
eter of the rotor is to decrease the full- 
load rating or increase the operating 
temperature, depending upon the total 
per cent change of flux density in the 
air-gap. Enlarging the air-gap 0.003 
in. may cause an increase in no-load 
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current of 5 to 10 per cent. It is hard 
to lay down any other rule than to 
advise against turning down the rotor 
any more than is absolutely necessary. 
The only method of reversing the 
direction of rotation of shaded-type 
pole windings, is to turn the winding 
unit over end for end; that is, if both 
end bells are interchangeable, remove 
them and turn the rotor and stator 
around 180 deg. The direction of rota- 
tion will be towards the shading coil. 
Wilkinsburg, Pa. A..C. Roe. 
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In answer to the inquiry by V. G. W., 
turning down a squirrel-cage rotor will 
have a tendency to cause the motor to 
use a higher magnetizing current, 
which will lower the power factor, with 
a corresponding decrease in output. 
The starting qualities will be somewhat 
poorer and the pull-out point higher in 
proportion with a correspondingly 
lower speed. 

The direction of rotation of shaded- 
pole motors is opposite to the end of 
the pole on which the shading coil is 
placed; that is, the shading coil is on 
the leading end of the pole. In chang- 
ing the direction of rotation the shad- 
ing coil is moved to the other half of 
the pole tip and automatically becomes 
the leading edge by virtue of the new 
direction of rotation. When changing 
the position of the shading coil too deep 
a cut will destroy all good character- 
istics of the motor, but a light cut will 
not effect the starting and stalling 
characteristics. 


Newark, N. J. EDWARD JAMES. 
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In answer to V. G. W.’s question, 
turning down the rotor of a split-phase 
motor increases the air gap, leakage 
flux, and magnetizing current, which in 
turn decreases the efficiency of the 
motor. However, this decrease will be 
small, depending upon the increase in 
length of the air gap. The slippage 
of the motor will be materially in- 
creased and the motor will accordingly 
run slower at full load. It will also 
pull out of step at a lower load than 
that for which it was originally de- 
signed. Unless this motor is over- 
loaded, no appreciable difference should 
be experienced in its operation, if the 
double air gap is not increased more 
than 0.055 in. 

The easiest method of reversing a 
shaded-pole motor is to remove the end 
bracket and turn the stator end for end, 
relative to the rotor. Sometimes it is 
more convenient to press the lami- 
nated core out of the frame with the 
field coils attached and turn it end 
for end with regard to the rotor. The 
rotation of the rotor will always be 
toward the shading coil. 

The theoretical method of reversing 
the direction of rotation of this type of 
a motor is to shift the short-circuited 
starting coil to the other tip of the 
main pole. However, this is imprac- 
ticable because it will be necessary to 
machine the slot to contain the shading 


coil. J. M. ZIMMERMAN. 
Renewal Parts Engineer, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 
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Improved Method of 
Connecting Auto-Transformers 
For Lighting Circuits 


I N A GREAT many industrial plants 
the power supply is three phase, 
220 or 440 volts, and the lighting sup- 
ply is obtained from these power cir- 
cuits by means of transformers con- 
nected thereto. It is quite common 
practice to connect an auto-transformer 
across one phase of the three-phase 
supply, the auto-transformer having a 
mid-tap, so that a 220/110-volt three- 
wire, single-phase supply is obtained. 
This system has several disadvantages, 
the more important of which are as 
follows: As all of the lights are con- 
nected to only one of the three phases, 
the lighting load unbalances the power 
circuit to a certain extent. A ground 
on the neutral wire in a three-wire 
lighting circuit is likely to disturb the 
equality of voltages in the three-wire 
circuit and may place as high as 220 
volts across the 110-volt lamps. 

In the connection scheme shown in 
the accompanying diagram, three auto- 
transformers are connected in delta 
across the three-phase power supply. 
Now, instead of using the line wires 


220 

volts 
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Use of this connection of auto- 
transformers on lighting circuits 
prevents danger of overvoltage due 
to grounds. 


As may be seen, the feature of the 
connection lies in the fact that the 
lighting circuits are connected be- 
tween middle points of adjacent 
auto-transformers which, due to the 
fact that the voltages in each trans- 
former are 120-deg. out of phase, 
gives a voltage of only 110 volts. 


ENGIN 


Electrical Service 


around the works 


ing, testing, and emergency or 


through the auto-transformer as well 
as the mid-taps, only the mid-taps are 
used to supply the 110-volt lighting 
circuit. The voltage between any pair 
of mid-taps is equal to the vectorial 
sum of half the voltage in the two auto- 
transformers to which the mid-taps 
connect. In other words, the resulting 
voltage equals 2X110X0.5=110 volts. 
This is due to the fact that the two 
voltages are 120 deg. out of phase, 
thereby resulting in a voltage of only 
110 volts. 

With this connection scheme, three 
110-volt, single-phase lighting circuits 
are obtained, which are 120 deg. apart 
in phase relation. By balancing the 
lighting load equally across these three 
single-phase circuits a good balanced 
load condition will be obtained. 

An advantage of this connection 
scheme lies in the fact that grounds 


will not disturb the voltage on the dif- 


ferent circuits and it is impossible to 
obtain overvoltage, thereby burning out 
lamps. However, it should be remem- 
bered that with this connection of auto- 
transformers it is quite easy to over- 
load them, for in the more usual con- 
nection with a balanced load between 
the two outside wires of the three-wire 
circuit, the transformer is required to 
carry very little load, as practically no 
current flows through the neutral wire. 
With the connection scheme just de- 
scribed the total lighting load passes 
through the auto-transformers and due 
consideration should be given this fact 
when deciding upon the size of auto- 
transformers. However, I think that 
the elimination of overvoltage due to 
grounds will overbalance this disad- 
vantage. Wo. P. AMANNS. 
Chief Electrician, 


Knoxville Iron Co., 
Knoxville, Tenn. 


Method of Using Flashlight 


For Testing Fuses 
HE present-day, fused safety 
switch has a separate compart- 
ment for the fuses, the door of which 
cannot be opened until the safety 
switch is open. This is done for safety 
reasons, so as to prevent any one from 
changing or inspecting the fuses while 
they are alive. However, it prevents 
testing the fuses in the usual manner 
by shunting a test lamp across a pair 

of fuses while they are “hot.” 

To test the fuses that are used in a 
safety switch of this kind, it is neces- 
sary to remove them from the fuse 
blocks and test them with a magneto, 
or by connecting them through a test 
lamp with a source of power. At our 
plant we have devised a method of test- 
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special installations. 


ing these fuses which is much more 
convenient and fully as reliable as the 
two methods just mentioned. 

All of our motor inspectors carry 
small flashlights that have fiber cases. 
We have soldered a strip to the top 
connection of the switch on the side of 
the flashlight case; the other end of the 
strip is soldered to the metal band on 
the fiber case that screws into the cap, 
which holds the lens and the reflector. 
With this arrangement we are able to 
test a fuse by shorting it across the 
metal bands or ferrules at the top and 
bottom of the flashlight. 

On some types of flashlights having 
fiber cases, the top and bottom caps or 
ferrules form part of the electric cir- 
cuit that lights the bulbs. In such 
cases, if the flashlight should be laid 
down on a metal sheet, the light will 
burn even though the switch is off. 
With this type of flashlight the fuse 
may be shunted directly across the top 
and bottom ferrules and if the fuse is 
not burned out the flashlight will burn. 


Chief Electrician, B. 
Shevlin-Hixon Co., W Be CONE: 
Bend, Ore. 


Protecting Wire or Hose Lines 


Lying on Floor 


N THE use of portable electric or 

air tools it is often necessary to 
carry the lines across an aisle or other 
space where men are working or where 
trucking is necessary. Neither hose 
lines nor power wires will stand being 
trucked over without being damaged. 

One method of protecting these wires 
is by the use of a special portable 
bridge, such as is shown in the accom- 
panying illustration. This is made of 
sheet metal which may be of any thick- 
ness sufficient to stand the heavy or 
light traffic in the plant. A slight 
curve is made in this bridge to raise 
the center high enough so that air hose 


This portable sheet metal bridge 
protects the electric power or hose 
lines for portable tools where they 
cross a passageway or aisle. 


144 


can lie underneath it without touching. 
The edges are bent so that they lie 
flat on the. floor and also are beveled 
so as not to give an abrupt obstruction 
to the wheels of the truck. This bridge 
was made and is kept by the mainte- 
nance department and taken to any 
job where the men in this department 
find it necessary to use it. 


Laying Conduit for Difficult 
Underground Installation 


HILE installing six white-way 

lamp posts recently near the en- 
trance of a building, a local contractor 
had to overcome a very difficult prob- 
lem of laying underground conduit. 
Two of the lamps were installed at the 
entrance of this building where a side- 
walk 25 ft. wide was located and the 
other four lamps were placed equidis- 
tant along a 6-ft. walk leading up to 
the entrance. 

In order to wire these lights, it was 
necessary either to cut through the con- 
crete sidewalk or go under it. If the 
walk were cut through an ugly patch 
would be the result, along with the ex- 
tra work and cost of making and re- 
pairing the break. The conduit required 
was in.; so it was decided to drive 
the pipe under the walk to eliminate 
digging a trench. 

An iron spearhead 8 in. long and 
conical in shape, having a %-in. base 
which was threaded to fit into a %-in. 
sleeve, was made for this purpose. The 
sleeve and spearhead were then screwed 
into the length of conduit and driven 
with a hammer to where the earth was 
dug out to locate the concrete founda- 
tion for the post. The pipe was sawed 
off to the correct length after being 
driven through, and threaded with a 
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ratchet die. This cutting operation 
also removed the battered end in each 
case without extra work. The spear- 
head fitting was reused in a similar 
manner to place the conduit required 
for each lamp. One length of conduit 
was lost in forcing it under the 25-ft. 
sidewalk and another was deflected by 
an obstruction, probably a rock. This 
length of conduit had to be removed 
with rope pulley blocks and a new loca- 
tion was tried with success. 

In soft earth a pipe cap could prob- 
ably be used to protect the threads on 
the driven end. 

Heavy pipe a size larger than the 
conduit to be used, might be flattened 
on one end and used to make an open- 
ing in the ground. It could be cut off 
after being driven through and the 
conduit inserted which would make the 
process more costly, but more sure. 
This method would also be adaptable 
for installing steam or water pipes. 

GRADY H. EMERSON. 
Birmingham, Ala. 
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A Handy Stitch For Use When 
Tying Small Cables 


HEN wiring up switchboards and 
mounting resistance grids or con- 
trollers and so on, there are in most 
cases a number of small cables to be 
run and kept together in a neat and 
workmanlike shape. There is a stitch 


‘known as the “Chicago” which is used 


in running cables in telephone ex- 
changes and keeps the cables square 
and neat in appearance, regardless of 
the number in the group. This Chi- 
cago stitch may be used to attach a 
group of cables firmly to an iron sup- 
port, or used as a means to keep them 
lined up properly. When this stitch 
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or tie is completed the cables can be hit 
with a sledge-hammer without knocking 
them out of line. 

The first step in making this stitch 
is to cut a single length of cord long 
enough to pass around the cable group 
enough times to equal the number of 
cables wide multiplied by the number 
deep times two. For example in dia- 
gram VII of the illustration the cord 
is long enough to pass around the cable 
group 5X5xX2—50 times, or the length 
of one turn multiplied by 50 is re- 
quired. This single cord is doubled in 
half as shown in diagram I and folded 
back on itself, diagram II, forming an 
open loop on each side of the running 
ends. These two loops are then bent 
down on each side of the running ends 
as in diagram III. The next step is to 
hold these loops in one hand and with 
the other hand pass the free or running 
ends around the group of cables, 
through the sliding loop, as in diagram 
IV. When these loops and ends are 
pulled tight, they square up the cables 
at the same time. 

After tightening up the double cord 
band around all the cables there will be 
two long, free ends left hanging, one 
of which is shown in diagram VIII. 
The knot is made at the bottom to 
bring the free ends into a position to 
use. Selecting either free end of the 
cord to thread the steel needle shown 
in diagram V, the cord is brought up 
between the first and second vertical 
layers of cable on the right-hand side 
of band A at C in diagram VIII. (Note 
that left and right are indicated by L 
and R at the side of the diagram.) Af- 
ter pulling up all the slack and tight- 
ening the cord, the threaded needle is 
passed between layers 1 and 2 on the 
opposite or left-hand side of band A, 
or D to E in diagram VI. Crossing 
over to the right-hand side of band A, 
the needle is brought up between ver- 
tical layers 2 and 3, as at & in diagram 
VIII. Thus a diagonal crossing is made 
from F to G; the cord comes up at H 
in diagram VI and is pulled tight. In 
the same manner the needle is passed 
over band A, down through layers 2 
and 4 at the left of the band at I in 
diagram VI, with the cord coming out 
at J, diagram VIII. It is then passed 
over to K, up through layers 3 and 4 
to position L, diagram VI. This opera- 
tion is repeated until R in diagram 
VIII is reached, where the free end is 
fastened by the loop through a previ- 
ous turn. In each case the cord is 
passed up and down between each ver- 
tical layer, being looped over the bands 
A and B top and bottom, and pulled up 
tight. 

The above process is repeated with 
the other free end or band B except 
that the cord is passed through the 
horizontal layers, that is between lay- 
ers 9 and 8, 8 and 7, 7 and 6, and 6 
and 5. In making a study of diagrams 
VI, VII, and VIII it will be noticed 
that each cable is held with a double 


Steps in tying cables with the Chi- 
cago stitch. 

Diagrams I, II and III show how 
the cord is looped for sewing. The 
method of tying in the cables and 
the positions of the cords are illus- 
trated in diagrams VI, VII and VIII. 
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cord band on all sides and so locked 
it is held solidly and firmly. If it is 
desired to attach the cables to an iron 
support the same method is used ex- 
cept that in the up and down or cross 
cable looping, the loop is made each 
time around the iron support. Suppose 
for example that the iron support was 
on the bottom in diagram VIII, when 
passing from position F to G, the loop 
would be made around the iron support. 
For light and springy cables the tie 
bands should be spaced 12 in. apart; 
for rigid wires such as solid, fireproof, 
or insulated, the bands should be spaced 
18 in. apart. 

This is a simple stitch to apply af- 
ter the method of procedure has been 
acquired and will be found handy 
around power stations, industrial plants 
or in any place where a number of 
cables or wires are grouped and run for 
any distance. 
Wilkinsburg, Pa. A. C. ROE. 


Automatic Switching 
Simplifies Use of Pumps for 
Fire and Service Duty 


HEN water is needed to fight a 

fire, is no time to think of sparing 
the motors that drive the pumps. They 
must do their duty, even though they 
may be seriously overloaded. What is 
a motor or two compared to the thou- 
sands of dollars worth of equipment 
which will be endangered if they stop 
running? 

With this thought in mind, the elec- 
trical department at the Newcastle 
plant of the National Radiator Com- 
pany have installed a system whereby 
the service pumps have the combined 
duty of furnishing service water and 
fire protection. When these pumps are 
at work during a fire, nothing but a 
power failure or burned-out motor can 
stop them. 

Two Deming triplex-pumps, each 
driven by a 15-hp. motor, alternate on 
the job of supplying high-pressure 
water for testing the castings for 
radiators and boilers. One of these 
pumps is sufficient for this service, so 
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that the other serves as auxiliary 
equipment. An Electric Controller & 
Mfg. Co. 15-hp. automatic compensator, 
provided with a switch, is used to start 
either of these pumps by means of a 
push button. The operating motor is 
protected against overloads by a pro- 
tective panel which opens the motor 
power supply circuit through the com- 
pensator. 

The diagram shows the scheme of 
connections. When motor No. 1 is being 
operated for pumping water for test 
service, switch No. 1 is in the down- 
ward position and switch No. 2 is open. 
Motor No. 2 may be operated similarly 
by throwing switch No. 1 upward and 
leaving switch No. 2 open. Thus it is 
seen that switch No. 1 is simply a 
means of transferring from one motor 
to the other. 

Twice a month, fire drills are held 


Only one compensator is required 
for starting the motors which 
operate the two pumps shown here. 


Two 15-hp. motors connected to a 
single E. C. & M. -hp. automatic 
compensator are operated in parallel 
in case of fire to drive two ming 
triplex pumps. Normally only one 
motor and pump are required to 
supply water for testing and other 
purposes. 
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Control connection scheme for 
using one compensator for starting 
two motors. 

By means of transfer switch No. 1, 
the compensator may be connected 
to either motor for service duty. In 
case of fire when both motors must 
be operated at the same time switch 
ag ais thrown upward and switch 


Mall S closed. 

— ae aa 
at this company’s plant, and every man 
is trained to perform his duties in an 
efficient manner. At the pump station 
there is great activity when the fire 
whistle sounds, for one pump is in 
operation and may be supplying water 
for test work. So the first thing the 
man assigned to the pumps must do is 
to shut down the pump, close the valve 
leading to the test department, and 
open the one which parallels the two 
pumps on the fire system. 

The problem is to start both pumps 
at once with two 15-hp. motors con- 
nected to a single 15-hp. compensator. 
It is quite evident that this is a de- 
cided overload; so the overload pro- 
tective panel must be cut out before 
the starting button is pressed. This is 
done by an auxiliary push button which 
cuts out this panel and permits the 
motors to operate continuously at any 
overload. Normally, this push button 
is locked so that the protective panel 
cannot be cut out accidently. Switch 
No. 2 is closed and switch No. 1 is 
thrown upward for paralleling the two 
motors through the one compensator 
and when the start button is pressed, 
they are brought up to speed auto- 
matically. From that time on these 
pumps will continue to run until the 
stop button is pressed or until trouble 
causes the motors to fail. 

A feature of this switching arrange- 
ment is that it is entirely fool-proof. 
Should the operator fail in the con- 
fusion of a fire to shut down the pump 
on service duty before he attempts to 
parallel the two motors on the line, 
throwing of switch No. 1 to do this 
paralleling, automatically disconnects 
the motor which is operating on the 
line. Then when the start button is 
pressed the two pumps are brought up 
to speed at the same time through the 
use of the automatic compensator. 

L. S. MONROE. 


The Electric Controller & Mfg. Co., 
Cleveland, Ohio. 
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Using Auto Tire Dust Caps as 
Oil Cups on Motors 


Ou. cups are an absolute necessity 
on a motor using the cup and wick 
oiling system. However, it is often 
rather difficult to replace these oil cups 
when they become lost, and suitable 
substitutes which may be obtained 
easily may come in very handy as it 
is not good practice to leave the oil hole 
open, particularly in dusty locations. 
Dust caps from automobile tires 
make excellent oil cups and are of the 
proper size for most small motors and 
fans. If a thread-cutting lathe is not 
available, turn or file a slight taper at 
the open end of the cap, so that it can 
be started into the motor and saw a 
slot lengthwise through the tapered 
portion. If the cap is screwed up 
tightly it will stay in place and give 


service. 
Durant, Okla. J. P. KINCAID. 


Improper Use of 
Thrust Ball Bearings on Worm 
Causes Trouble 


HRU ST ball bearings are not so 
commonly used as are radial ball 
bearings. Unless full consideration is 
given to the detail construction of the 
bearings and the manner of mounting, 
the bearing may fail apparently with- 
out cause. One such case was in con- 
nection with a ball thrust bearing on 
a worm drive. The worm was mounted 
horizontally with radial ball bearings 
and in addition thrust ball bearings 
were used at each end to take the worm 
thrust. Every few weeks, the thrust 
bearings would fracture or the balls 
would break. According to the manu- 
facturer’s ratings for the bearings, 
they were of sufficient capacity to sus- 
tain the thrust loads which were im- 
posed on them. 

After considerable experimenting, 
one of the engineers suggested that the 
balls in the bearing be mounted in a 
cage to prevent their shifting position. 
When this was done the bearing trouble 
ended immediately. Manufacturers 
generally recommend the use of a 
cage or retainers to space the balls 
properly and keep them in position. 
Many times, however, attempts are 
made to apply balls without such a 
retainer. 

The explanation of this trouble de- 
scribed above is that a thrust bearing, 
when mounted with the ball race hori- 
zontal, will operate without any diffi- 
culty. When it is placed on edge, or 
in other words with the axis hori- 


zontal, the balls creep between the sec- 
tions of the races when the screw is 
reversed, causing the races to separate. 
This causes the balls to be caught out 
of position when the load is again re- 


E 


De 


Horizontal 
installation of 
ball thrust 


’ bearing 


NN --- Failure is certain 
where balls are 
creep 


How the thrust load is applied on 
vertical and horizontal ball races. 


When a thrust ball bearing is used 
on a horizontal shaft the balls may 
be crushed, as shown in the lower 
drawing, unless a cage is used to 
retain the balls in their proper posi- 
tion. The conditions are different 
with vertical thrust and loads, as 
indicated in the upper drawing. 


versed and applied on the thrust bear- 
ing. The lowest ball then carries the 
major part of the load and either or 
both the ball and races fail. The use 
of a cage maintains the alignment of 
all the balls in their proper positions, 
distributes the load uniformly and 80 
prevents further trouble from such 


sources. 
Washington, D. C. G. A. LUERS. 


Loose clamp 
against hub 
* 


he path of power service from the first mechanical driv- 
th the auxiliary transmitting equipment to all driven machines. 


Simple Puller for 
Removing Solid Pulleys From 
Old Shafting 


Hayme occasion recently to dis- 
mantle the pulleys and shafting in 
plant, we found it necessary to 
rig up a special device for loosening 
the solid hubs of the pulleys from the 
shafts. The device shown in the accom- 
panying sketch was used. 

This puller was to be used on shafts 
of different diameters; so the clamp 
which fits behind the pulley was made 
up of two %-in. by 3-in. pieces of bar 
steel and bolted together so that the 
edges of the bars fitted against the hub 
of the pulley. Eyebolts were inserted 
as shown. These eyebolts were made 
of 1-in. round steel, 5 ft. long, and 
were threaded for about 4 ft. It hap- 
pened that all of the pulleys were 
within 4 or 5 ft. from the end of the 
shaft. These eyebolts could have been 
made any length desired. 

A piece of 3-in. by 4-in. forged steel 
stock about 6 in. long was slotted at 
the ends. A hole was drilled in the 
center of this and tapped for a 14 · in. 
square screw thread and a bolt made 
to fit. This slotted bar is shown at the 
right in the sketch below. 

The clamp was placed around the 
shaft back of a pulley hub and the 
nuts on the eyebolts placed in the slots 
with large washers under the nuts. 
The bolt with the square thread was 
then tightened against the end of the 
shaft. ! 

Previous to doing this the shaft 
around the hub was well soaked with 
kerosene; then it was tapped with a 
hammer as the pulling force was ap- 
plied with the screw. In some cases 
it was necessary to heat up the hub 


an old 


Solid-hub pulleys were easily re- 
moved from shafts with this puller, 
when dismantling an old plant. 


March, 1926 


with a torch to expand and loosen it 
from the shaft, although in most cases 
the pulleys were loosened by the screw 
and then pulled along the shaft by the 
nuts on the eyebolts. This device more 
than paid for the time and material 
used in its construction by the saving 
in time which it made possible. 
Hollywood, Calif. M. C. CocksHort. 
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Discussion of 
Use of Belt or Chain Drives for 


Woodworking Machines 


N NO other industry, probably, are 

the advantages of the individual 
drive so generally recognized as in con- 
nection with woodworking. The prod- 
uct is so bulky that a re-arrangement 
of machines independent of lineshaft 
restrictions may represent such savings 
in materials handling costs, mainten- 
ance charges, floor space, and power 
costs that the cost of a new installation 
or of the rearrangement of an old one 
is completely wiped out in a few 
months. 

The machine room in a steam-driven 
“planing mill” was a fearsome place; 
the whole building shook with the 
pulsations of the machines and shaft- 
ing, and overhead hangers, shafts, and 
pulleys were deeply coated with oil and 
dust. Back of many machines about 
10 ft. of space was railed off for the 
jackshaft serving that machine and 
from which several belts drove various 
heads and feeds. Contrast such condi- 
tions with that of the accompanying 
illustration, which is a good example 
of a modern mill that has kept the 
same machines but applied individual 
drives to them. 
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Each of the machines that appears 
in this illustration has gained in floor 
space and, instead of a large area 
taken up by the drive there is only that 
occupied by the motor. Also, power is 
used only when needed. 

Whether to use belt or chain drive 
from the motor is often a problem. No 
better way to decide this can be found 
than to put in a few drives of each 
kind and watch the performance and 
costs through a period of years. If 
the chain is to be left exposed to wood- 
working conditions, it will not give 
more than a fraction of its normal 
years of service. A belt stands up 
better in the dust and chips, although 
these will dry out and crack any belt 
if it is continually neglected. 

In the immediate foreground, a 1,500- 
r. p.m., 10-hp. motor is shown driving 
an American outside molder. This 
driving speed is reduced to 800 r.p.m. 
on the jackshaft through 25- and 47- 
tooth sprockets. The Morse chain is 
% in. pitch and 3 in. wide. One of 
the advantages of chain drive is that 
it permits the use of close centers. In 
this particular case, the shafts are 18 
in. apart and could have been made 
closer if it had been necessary. It 
would not be practicable to run belts 
with such small pulleys, and larger 


Because of the high speed at which 
woodworking machines operate the 
selection of the drive is of especial 
importance. 


This illustration shows how a silent 
chain and a belt were used on dif- 
ferent woodworking machine drives. 
In one case the speed is stepped 
down, and stepped up in the other. 
Additional interesting considera- 
tions concerning these drives are 
discussed in the accompanying item. 
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pulleys would have been impossible on 
account of interference. So long as 
odd numbers of teeth are used in the 
sprockets to prevent links running in 
the same teeth all the time, there is no 
hard and fast restriction as to close 
centers, although it is well not to go 
closer than four times the diameter of 
the small sprocket. 

A belt- driven saw, which is also 
shown in this illustration, is connected 
up to operate at double the speed of 
its 1,500-r.p.m. driving motor. In this 
case a 4-in. belt is used. An automatic 
idler insures the proper driving tension. 
The motor is mounted on a sliding base 
which is used to take up the belt 
stretch; the chain-driven motor also 
has a sliding base, although it might 
have been eliminated. 

The saw was belt-driven because of 
the difficulty of covering the upper 
sprocket of a chain drive so that it 
would be protected from cuttings and 
also because it was not easy to remove 
the shrunk-on pulley from the arbor 
and put on a sprocket instead. The 
installation is an example of good 
practice. 

Except in some unusual locations, 
the use of an idler is an admission of 
the inadequacy of the particular belt 
drive. In this case, as with most saws, 
the driven pulley is small and the idler 
does increase the arc of contact, besides 
adding to the tension of belt on the 
pulley. However, all these benefits are 
at the cost of increased bearing fric- 
tion. If a belt drive will not pull the 
saw, the most logical plan is to in- 
crease the width of pulleys and belt; 
this can be done for a cost as low as 
that of the idler. On installations 
where the idler is used for taking up 
the stretch in a belt, instead of cutting 
and lacing or cementing, it functions 
as a take-up and its use is justifiable, 
in the writer’s opinion. 

For use on drives where a small 
diameter pulley or sprocket and close 
clearance are unavoidable, chains may 
prove the solution in spite of their ap- 
parent handicap. A belt is thin and 
it will wrap itself around a small 
pulley very easily. On the other hand, 
a chain of the proper pitch will also 
conform to small diameters and, as its 
driving ability does not depend upon 
friction, the small diameter may 
usually be decreased enough to permit 
the outside of the chain to come within 
the same clearance without any sacri- 
fice of pulling power. 

The writer has successfully used 
small sprockets on saws with small- 
diameter, high-speed shafts. Where a 
separate sprocket would be too large, 
new arbors have been used and the 
teeth cut integral on the new parts. 


As shown in the illustration, a sub- 
stantial cover has been built around 
the chain drive. This cover has a 
hinged top, which permits inspection 
and lubrication without requiring the 
use of any tools which might fall in- 
side. Industrial men who have placed 
covers equally as good about their 
short-belt drives have also been amply 
repaid, as the life of belts which are 
well cared for is about as long as that 
of chains. DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 


Spectal attention ts given to shop 


or bench tools and short cuts or improved 


methods of handling work of this character. Contribution are always welcome. 


Proper Method of Cleaning Dirty 
Storage Battery Boxes 


OME very interesting information 

as to the proper method of clean- 
ing storage battery boxes was given in 
a recent issue of Pullman News. It 
seems that the Pullman Company has 
discontinued the practice of cleaning 
batteries with water. It was found 
that the practice of washing out bat- 
tery boxes at the time batteries are 
flushed or when an accumulation of 
foreign matter has collected, is re- 
sponsible to a large extent for many 
leaky cells found in service. Such leaky 
cells are caused by the electrolytic 
action of the current flowing between 
adjacent cells or crates and woodwork 
of the box, to grounds caused by wet 
and acid-soaked crates and battery 
boxes. 

A battery box should not be washed 
out except when it is especially dirty 
or acid-soaked, in which case it is ad- 
visable to neutralize the acid with a 
soda solution and then wash out with 
a flushing hose. It is impossible to 
wash acid out completely with plain 
water, particularly when the acid has 
penetrated the woodwork. 

When neutralized by a soda solution 
as described above, all traces of acid 
are removed and the box will quickly 
dry after washing. Care should be 
taken when flushing to prevent cells 
from being over-flushed. 


Simple Device for Rewinding 
Blowout Coil 

HILE repairing a 200-amp. cir- 

cuit breaker, it was discovered 
that a blowout coil had become crystal- 
lized in a flashover and was so brittle 
that it fell apart in dismantling the 
breaker. This breaker was of an old 
type and a new coil could not be ob- 
tained in less than 60 to 90 days. So 
ways and means of making another 
coils were considered in order to avoid 
this extra delay. 

The coil consisted of 12 turns of %- 
in. round, bare copper, with an inside 
diameter of 2% in. We found that a 
local supply house could furnish us 
with 9 ft. of the No. 4/0 wire which 
we required. No. 4/0 wire has a diam- 
eter of 0.46 in., which was close enough. 

An old piece of shafting was placed 
in the lathe and turned down to 2% 
in. for a distance equal to one and one- 
half times the coil length. For this 
operation the tailstock of the lathe was 
run back and the shaft held in the 
chuck on the headstock. A bdlock of 


maple was cut 2 in. by 6 in. by 18 in. 
and a 2%-in. hole bored at one end of 
the maple block, so that it could be 
slipped over the shaft. A piece of 34- 
in. fiber was fastened by bolts to one 
side of this block % in. above the hole. 
A strip of %-in. fiber was then placed 
over the -in. fiber and allowed to pro- 
ject slightly, forming a groove for the 
turn being wound on, as shown in the 
illustration. 

The wood binder or maple block was 
put on over the mandrel or shaft and 
one end of the copper wire was fast- 
ened to the chuck. A quarter of a turn 
was made with the wood binder; then 
the lathe was turned over a quarter 
of a turn and this was repeated until 
the 12 turns were wound. Holding the 
mandrel in the lathe chuck provided 
good control over the winding process 
and prevented backlash and loose turns, 
which would otherwise be a hindrance 
to winding. 

The coil was insulated with one, half- 
lapped layer of treated cloth tape and 
one, half-lapped layer of 0.007-in. cot- 
ton tape and then dipped in liquid 
Bakelite and baked. The last two turns 
at each end of the coil were reinforced 
with an extra layer of cotton tape. 
When the tape was applied to the turns, 


The coil of No. 4/0 wire was 
formed around a mandrel by means 
of a maple block which was slipped 
over it. 


Two pieces of fiber fastened to the 
side of the block form a projection 


with a groove which serves to bend 
and guide the wire. 


the coil was sprung open and then 
pressed together before dipping. 
Considering the crude tools used, the 
quality of the coil was good, combined 
with the features of neat appearance, 
quick delivery, and low cost. 
Wilkinsburg, Pa. A. C. ROE. 


Changing Speed and Horsepower 
of Induction Motors 

N MOST industrial plants, owing to 

the many changes in equipment, it 
is often found necessary to decrease or 
increase the horsepower of induction 
motors. The two instances cited below 
are typical problems of this character. 

One case involved a 100-hp., 60-cycle, 
1,200-r.p.m., 550-volt, three-phase in- 
duction motor direct-connected to a 10- 
in. centrifugal pump. This pump was 
taken out of service and a hydraulic 
pump for a different service was then 
installed, which required a 50-hp. 
motor operating at about 700 r.p.m. It 
was decided to change the speed of the 
1,200-r.p.m., motor so that it could be 
used on the new pump. 

The horsepower output of the motor 
at the changed speed was checked first 
since the horsepower increases or de- 
creases in direct proportion and in the 
same direction as the speed, if the volt- 
age also is changed. With a decrease 
in speed from 1,200 to 720 r.p.m., which 
is the nearest synchronous speed to 700 
r. p. m., the motor would develop (100X 
720) 1, 20060 hp. 

As this horsepower was near enough 
to that required, more data were care- 
fully obtained. The stator contained 
72 slots and 72 coils; the pitch was 58 
per cent of full pitch. The coil sides 
were placed in slots 1 and 8, while full 
pitch would be, 72 (slots) 6 (poles) 
12. The chord factor at full pitch, or 
12, equals 100 per cent and is also the 
sin of one-half the angle covered by the 
coil throw. The span is 180 deg., which 
at full pitch is 180 deg. —— 12—15 deg. 
per slot. The throw of l-and-8 covers 
seven slots; 715105 deg., and the 
sin of one-half of 105 deg. or 52.5 deg. 
equals 0.79 which is the chord factor 
of the winding. The original winding 
is shown in Fig. 1 A. 

The next important item considered 
was the pitch with the changed con- 
nection. The motor was originally 
connected for six poles, or 1,200 r.p.m., 
while the new connection for 720 r.p.m. 
would be 7,200--720—10 poles. Full 
pitch with ten poles equals 72 (slots) 
10 (poles) 7.2. Since the original 
winding pitch was l-and-8, 7.2 was 
near enough to consider the changed 
winding as being full pitch or practi- 
cally 100 per cent chord factor. 

The motor was to be used on 550 
volts, as before; so the effect of the 
change in speed would be to reduce the 
counter emf. from 550 to (720 4550) 
1,2002330 volts. However, 550 volts 
was the original impressed voltage with 
a chord factor of 79 per cent, and since 


Fig. 1—The speed and horsepower 
of this induction motor were de- 
creased by changing the coil group- 
ing and number of poles. 


In diagram A is shown the original 
winding of 72 coils, connected series 
star for six poles, equal grouping, 
four coils per pole-phase group. 
Diagram B shows the new ten-pole 
winding consisting of 72 coils with 
unequal grouping, connected series- 
star. The figures indicate the num- 
ber of coils per pole-phase group. 


the new chord factor was 100 per cent, 
the counter emf. would be (100X330) 
—~79—A417.7 volts, which was much 
lower than the impressed voltage, but 
it was decided to reconnect the motor. 

The original winding had 72-—(3X6) 
=A coils per pole-phase group, while 
with the new connection, this would be 
72. (8K 10) 2.4. This made the new 
connection one of unequal groups, or 
numbers above and below 2.4. We de- 
cided to use 18 groups of two coils each 
and 12 groups of three coils each, mak- 
ing a total of 72 coils, which was the 
required number. The motor was then 
connected series-star, as originally, but 
for ten poles, and put into service. 
When driving the pump only, the am- 
meter reading was 70 amp., at 55 per 
cent power factor. We had no way of 
exactly obtaining the efficiency; so this 
was assumed as 87 per cent, and with 
this factor as a basis we figured that 
the pump required (0.87 70 0.55 
550 X1.73) 746 42.5 hp. 

There were two agitators that re- 
quired about 15 hp. to drive them; so 
it was decided to drive these from the 
pump motor lineshaft and save the cost 
of a 15-hp. motor. This was done and 
the ammeter reading increased to 85 
amp. at 65 per cent power factor. As- 
suming the efficiency at 88 per cent, 
the horsepower output was (550 85 
0.65 0.88 1.73) --746—62 hp. There 
was a slight unbalance of current in 
the different phases and the power fac- 


Fig 2—In this case the speed and 
horsepower of the motor were in- 
creased. 


Diagram A shows the original wind- 
ing of 108 coils connected series- 
star for 12 poles, equal grouping, 
three coils per pole-phase group. 

e motor was rewound, as shown 
in B. for ten poles, 108 coils con- 
nected series-star, unequal group- 
ing. The figures indicate the coils 
per pole-phase group. 


tor of the motor was lower than it was 
with the original winding, but this was 
to be expected, since the speed was 
lower. As the horsepower of the motor 
was reduced, the carrying capacity of 
the windings was not considered. 

This motor has been in operation for 
eight months, carrying its load con- 
stantly 24 hr. each day with no heat- 
ing above normal and has given entire 
satisfaction. Diagram B of Fig. 1 
shows the connections after the change. 

The other case was that of a 10-hp., 
600-r.p.m., three-phase, 60-cycle, 550- 
volt induction motor, which was con- 
nected by a belt to a gas blower. The 
speed of the blower was 950 r.p.m., and 
it was desired to increase the speed to 
1,150 r.p.m., in order to obtain proper 
combustion in a sulphur burner. This 
meant that the motor speed would have 
to be about 700 r.p.m. Assisting this 
blower was an exhaust blower driven 
by a 10-hp., 1,200-r.p.m. induction 
motor. The latter fan was not eco- 
nomical, as it wasted considerable gas. 

The first point considered was the 
power output, as the greater fan speed 
indicated that the horsepower of the 
motor would have to be increased. 
Theoretically speaking, a change from 
600 to 720 r.p.m. would increase the 
motor output to (72010) 600 12 hp. 

The next point considered was the 
carrying capacity of the winding. On 
examination it was found that the coils 
were wound with No. 12 d.c.c. wire and 
the connection of the complete winding 
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was series-star. No. 12 d.c.c. wire has 
a carrying capacity of 25 amp., but the 
full-load current of a winding is equal 
to the line current divided by 1.78 and 
in this case equaled, 121.73 6.9 
amp., so that there was ample carry- 
ing capacity for the starting current 
even if it were four times normal full- 
load current. The details of the wind- 
ing are shown in Fig. 2 A. On further 
investigation it was found that the 
stator had 108 slots and 108 coils with 
a pitch of l-and-9. Full pitch would be 
108+--12—9, so that the chord factor of 
the winding was 0.985, for 180 (deg.) 
9 (slots) 220, and the sine of one-half of 
(20X8) deg. = 0.985. Connecting for 
720 r.p.m. required 7,200 (alternations) 
720 210, or a 10-pole connection. Full 
pitch for this connéction equals 108 
10—10.8. This left the coils in the same 
slots and gave them a chord factor of 
0.916 when connected for ten poles, 
since 180 deg.:-10.8—=16.6 and the sine 
of one-half of (8X16.6) deg—0.916. 

With the increase in speed, the gen- 
erator action of the motor, with the old 
winding, would increase the required 
voltage to (720550) 600 660 volts, 
but since the chord factor was de- 
creased from 0.985 to 0.916 the voltage 
would be reduced to (660 0.916) 
0.985 613 volts. 

In connecting the winding for ten 
poles, unequal grouping was again en- 
countered, since 108 = number of poles X 
number of phases, 108 (103) 23. 6; 
some groups would thus consist of three 
coils and others of four coils. Figuring 
the coils per pole-phase group gave 18 
groups of four coils each, or 72 coils, 
and 12 groups of three coils each, or 
36 coils, making a total of 30 groups 
and 108 coils. The winding was con- 
nected series-star as shown in Fig. 2B. 

When this motor was again placed in 
service, the full-load speed was 690 
r.p.m., while the speed of the fan was 
1,140 r.p.m. The starting torque of 
the motor was increased. Likewise, the 
pressure of the gas was increased 
enough to enable us to dispense with 
the 10-hp. fan mentioned above. The 
full-load current taken by the motor 
was 14 amp. at 80 per cent power fac- 
tor and with an efficiency of 88 per 
cent, the full-load rating was 12.5 hp. 
Electrical Engineer, H. E. STAFFORD. 


Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the 
and electrical equi 


operation of mechanical 
terested 
plant operation or reduc 


New Gasoline Blowtorch 


HE accompanying illustration 
shows the construction of the 
operating parts of the new Wall 
Dreadnaught No. 41 blowtorch. Some 
of the advantages claimed for this new 


torch are: It can be supplied to burn 
kerosene or gasoline; it produces a 
bigger, broader flame; every time the 
valve is opened or closed, the orifice is 
automatically cleaned by a needle, 
which is easily removed and replaced 
if damaged; it is impossible to enlarge 
the orifice or damage the valve seat. 
It is also equipped with a special bur- 
ner patterned after the Wall furnace 
burner. Other features, common to all 
Dreadnaughts, it is stated, include 
seamless steel tank with bottom and 
all connections brazed with hard brass 
spelter solder; fuel economy; long life 
and absalute safety. This is made by 
P. Wall Mfg. Co., Pittsburgh, Pa. 


— Y 


Single-Blade, Single-Fuse 
Enclosed Switch 


PERDUTO is announced by The 
Trumbull Electric Manufacturing 
Co., Plainville, Conn., on the E. W. 
(easily wired) single-blade, single-fuse, 

: enclosed switch 
which is design- 
ed to be used 
in places where 
it is now the 
practice to use 
heavy-duty snap 
switches and 
separate cut-out 
boxes on branch 
circuits. This 
switch is com- 
pactly enclosed 
i in a box, 6 in. 
by 311 in. by 3% in., with a hinged 
cover. It is stated that removing two 
screws permits the switch base and oper- 


pment 
in these new devices which are designed 
e operating and maintenance 


selection and 
will be in- 
to improve 

costs. 


ating handle to be lifted from the box as 
a unit, which facilitates installation. 
This switch is intended for use in any 
125-volt, two-wire branch circuit car- 
rying a current of 30 amp. or less, or 
as a single-fuse entrance switch. Some 
of the general uses are: starting mo- 
tors up to % hp.; for entrance work; 
for controlling heavy-duty lighting 
circuits; and on domestic or industrial 
heating devices. 

This switch is totally enclosed and 
provided with holes in the catch for 
seals or padlocks. Concentric knock- 
outs for -in. and & -in. conduits are 
provided in the sides, ends and back. 
It is stated that ample wiring space is 
provided on all sides and under the 
switch. 


Automatic Rotor Recentering 
Bearings for Motors 


O INSURE uniform air gap in 

motors, the Howell Electric Motors 
Co., Howell, Mich., has brought out a 
complete line of motors with anti-fric- 
tion bearings, in which, it is stated, 
any looseness in the bearing, caused 
by wear or otherwise, is instantly and 
automatically taken up, so as to keep 
the rotor of the motor continually cen- 
tered with a uniform air gap. This is 
accomplished by the use of a Timken 
taper roller bearing, shimmed with a 


fluted wire spring, as shown in the ac- 
companying illustration, which acts as 
a compression spring. 

The inner race or cone of the Timken 
bearing is fitted on the shaft with a 
light press fit. The outer race or cup 
is fitted into the housing of the motor 
end bell with a sucking fit which allows 
creeping of the outer race. The spring 
is held tightly against this outer cup 
by the outer grease cap; this pushes 
the cup tightly against the rollers and 
keeps the bearings tight at all times. 

This type of bearing is put in each 
end of the motor and accomplishes the 
following, according to the manufac- 
turer: (a) Keeps the rotor auto- 
matically centered at all times, and 
thus keeps the air gap uniform. (b) 
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The spring allows for any lateral ex- 
pansion of the shaft which might occur 
due to heat. (c) The spring keeps the 
bearings tight at all times. (d) It 
causes the bearing to run more quietly. 

These bearings are arranged for 
grease lubrication and seals are used 
to keep the grease in and to keep out 
foreign matter. These motors can be 
mounted in any position, without chang- 
ing the end bells; also, they will oper- 
ate in the vertical position, it is said, 
as well as horizontally, as these bear- 
ings have a thrust capacity equal to 
their radial capacity. 

These motors with Timken tapered 
roller bearings are offered by this com- 
pany in all types and sizes, in addition 
to their regular rotor recentering 
sleeve bearing. 


Electric Space Heater 


NNOUNCEMENT is made by the 
Cutler-Hammer Mfg. Co., Mil- 
waukee, Wis., of an improved design 
of space heater. The heating coil, as 
shown in the accompanying illustration, 


is imbedded in a protecting and radiat- 
ing material of improved refractory 
quality, according to the manufacturer. 
These heaters are 2 ft. long and may 
be installed singly, in pairs, or in 
groups. It is stated that this new type 
of heater is easier to install and has 
increased heating efficiency. This heater 
may be used in crane cabs, isolated 
watchmen’s houses, garages, sprinkler 
system valve houses, japanning ovens 
and for various other purposes. 


Flywheel Type Alternators for 
Engine Drive 
HE Ideal Electric & Manufactur- 
ing Co., Mansfield, Ohio, which 
recently brought out a new line of mo- 
tors called the “Flywheel Type,” are 
now in a position to furnish this as 
an engine-type alternator or self- 
contained power unit. Because the 
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alternator is an integral part of the 
engine, it occupies less space than the 
old conventional design and does away 
entirely with any generator foundation 
and erecting, as shown in the accom- 
panying illustration. 

The manufacturer states that with 
the same rotor weight, the flywheel 
effect of the flywheel-type alternator 
is nearly twice that of the present- 
day design. If extra heavy flywheel 
effect is desired, the rotor can be pro- 
vided with a double-rim section. 

This type of alternator adapts itself 
admirably to the “overhung” type with- 
out auxiliary flywheel, and the problem 
of incorporating the necessary flywheel 
effect in the alternator rotor has merely 
become a question of bearing limita- 
tions. It is stated that the air gap is 
always correct and uniform and will 
stay so during the life of the machine. 
An exciter or any auxiliary machine 
may conveniently be belted to the fiy- 
wheel rotor, thus saving an auxiliary 
pulley. 

— 


Electrical Test Bench 


JF LECTRICAL test bench illustrated 
is being manufactured by the 
Hobart Brothers Co., Canal Lock 
Square, Troy, Ohio, for locatin g 
troubles and testing out automobile 
starting motors, generators or other 
electrical equipment. 

The test bench is equipped with a 
1%-hp. Hobart, reversible, variable- 
speed motor. A tachometer indicates 
the motor speed. The set has a two- 
point spark gap and a rotary spark 
gap graduated in 860 deg. A silent 
flexible coupling is used between the 
motor and the chuck which has an ad- 
justable flexible mounting. The vise is 
designed to handle all sizes and types 
of automotive generators, starting 
motors, and similar small equipment. 

The switchboard is of Bakelite and 
the switches are all of the inclosed 
tumbler type. Test sockets with ex- 
ternal leads and a condenser with in 
and out plugs are provided. The 
ammeter has a range of 30-0-30 and 
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600-0-600, while the voltmeter has a 
0-25 range. It has a 110-volt test 
lamp and a complete fixture for testing 


torque. 
— 


Dust-Tight Push Buttons 


W HERE dust-tight, enclosed, mag- 
netic starting switches are used 
on a.c. circuits, a specially designed 
push-button station is often employed. 
The device shown in the accompanying 
illustration was originally designed by 


the General Electric Co., Schenectady, 
N. Y., for marine use, and the push 
button was mounted under partial 
cover on deck where it would occasion- 
ally be subjected to a spray of water. 
To obtain the necessary protection, a 
cast-iron case is used with a flexible 
leather gasket over the push buttons. 
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Each button is operated by pressing 
on the leather directly over it. The 
leather is very flexible and may be kept 
in that condition by occasional applica- 
tions of neatsfoot oil. The push-button 
station can be mounted either vertically 
or horizontally and is dust-tight. 


— — 


New Fire Extinguisher 


1 Rego Fire Stopper, manufac- 
tured by the Bastian-Blessing Co., 
240 East Ontario St., Chicago, III., is 
intended for use in garages, power 
stations, industrial plants or private 
buildings. 

This type of extinguisher is com- 
posed essentially of two parts: a cyl- 
inder to hold compressed carbonic acid 
gas and a cone to be filled with powder. 
In use, the valve in the tank is opened 
as much as may be necessary. The 
escape of the gas creates a whirling 
action in the cone and projects the 
powder through the nozzle in a stream 
that has a range of about 25 ft., ac- 
cording to the manufacturer. 

The carbonic acid gas has a smother- 
ing effect on the flame, it is stated, 
while the powder, when it comes in 
contact with the flame, decomposes into 
carbonic acid gas and water or steam, 
and any remaining powder will blanket 
the flame in much the same manner as 
would a similar amount of sand. Tests 
are said to have shown that the powder 
is a non-conductor of electricity and 
can be used against electric fires on 
circuits up to 160,000 volts without 
danger to the operator. 

Advantages claimed for the ex- 
tinguisher are that it can be stopped 
at any time while in operation and 
can be used again without recharging 
and leaves no injurious by-products. 

The cone has a capacity of 2 gal. 
or 17 lb. of powder and the apparatus 
weighs 32 Ib. when charged. 


— e 


Oscillating Bracket Fan 


TEH E accompanying illustration shows 
a Model 46, 10-in. a.c. oscillating 
fan announced for 1926 by The Robbins 
& Myers Co., Springfield, Ohio. This 
is a four-blade, three-speed fan with a 


drawn-steel frame. The motor is of 
the induction type for 50 or 60 cycles 
only and of the shaded-pole type. The 
gear mechanism is integral with the 
rear head bracket and is fully enclosed 
within a removable end cover. It is 
stated that this fan makes five com- 
plete oscillations per minute over 75 
deg. or can be made non-oscillating. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are menti It te always 


advisable to state the name and i 


number of bulletin or catalog desired, as given in these columns. 


Arc Welding Supplies—Section 1611 
is an 8-page catalog covering the line 
of Lincoln are welding supplies, which 
include cables, shields, welding elec- 
trodes, aprons, gloves, brushes, elec- 
trode holders, and other accessories 
used in repair, structural, or produc- 
tion work.—The Lincoln Electric Co., 
Cleveland, Ohio. 

Worm Gearing— Bulletin 105 gives 
interesting data on standard worm 
mountings on various centers as well 
as gear ratios available on those cen- 
ters, dimensions of standard gears and 
flanged gear rims, as well as several 
applications of Cleveland worms and 

ears and speed- reduction units.— The 

leveland Worm & Gear Co., 3258 E. 
80th St., Cleveland, Ohio. 

Crane and Derrick Hoists and Drives 
—Catalog 84 illustrates and describes 
the line of Shepard crane and derrick 
hoists, back-geared electric motors, 
speed reducers, and industrial, contrac- 
tors’ and hauling winches. Numerous 
installations are illustrated.—Shepard 
Electric Crane & Hoist Co., Montour 
Falls, N 

Repair- Shop Equipment A 14- page 
booklet describes various pieces of re- 
pair-shop equipment particularly adapt- 
able to automotive and other light elec- 
trical repair work.—David W. Onan, 48- 
51 Royalston Ave., Minneapolis, Minn. 


Speed Reducers—A 16-page bulletin 
illustrates with cross-section views and 
describes the DeLaval line of worm and 
single and double helical speed reduc- 
ers.—DeLaval Steam Turbine Co., Tren- 
ton, N. J 

Slip-Ring Induction Motors—Bulletin 
187 illustrates the construction, de- 
scribes the operation, and shows by 
charts the operating characteristics of 
the Wagner wound-rotor, slip-ring poly- 
phase motors, which are built for two- 
or three-phase circuits in sizes from 
* to 800 hp., for 110 to 2,300 volts, 
and for all commercial frequencies.— 
Wagner Electric Corp., St. Louis, Mo. 


Non-Metallic Gears—A 24-page book- 
let gives engineering data and de- 
scribes a number of industrial applica- 
tions of Celoron gears.—Diamond State 
Fibre Co., Bridgeport, Pa. 

Time Switches—Catalog 4, Section 1, 
describes the electric, motor-driven 
States time and distance switches which 
may be set for automatic control of 
the operation of any electric circuit or 
device on a fixed time schedule.—The 
States Co., Hartford, Conn. 


General Catalog—The new General 
Catalog, 6001 B, which is issued every 
two years, contains 1,100 8-in. by 1034- 
in. pages with over 3,200 illustrations. 
The catalog is thumb-indexed into 16 
sections as follows: generation, wire 
and cable, distribution transformers, ar- 
resters, voltage regulators, switch- 
boards and accessories, meters and in- 
struments, motors, motor applications, 
industrial control, railway, lighting, in- 
dustrial heating, and miscellaneous. 


Products are also indexed by subjects 
and by catalog numbers.—General Elec- 
tric Co., Schenectady, N. Y 


Gasoline Soldering Irons—A circular 
describes the gasoline Ever-Hot com- 
bination branding and soldering blow- 
torch and various types of tips which 
may be used in connection with it.— 
Combination Blow Torch Mfg. Co., 2809 
W. Van Buren St., Chicago, III. 


Lubrication—A monthly bulletin un- 
der the above heading discusses the se- 
lection and use of lubricants for vari- 
ous types of equipment. For example, 
the December, 1925, issue was on “Lu- 
brication of Materials Handling Equip- 
ment.”—-The Texas Co., Dept. H, 17 
Battery Pl., New York City. 


Manual Controllers—Bulletin 100 de- 
scribes the new Clark manual control- 
ler which is of the faceplate type, built 
for heavy-duty service, and is suitable 
for electric traveling cranes, charging 
machines, mill tables, or any other ap- 
plications where reversing of the motor 
1g necessary and where hand operation 
is suitable. This is made in ratings of 
from 1 to 25 hp. at 110 volts, and 
F ranges for other voltages. 
an e Clark Controller Co., Cleveland, 

io. 


Countershaft Bearings—A folder de- 
scribes the use and life of the Arguto 
oilless bearings on countershafts.— Ar- 
guto Oilless Bearing Co., Wayne Junc- 
tion, Philadelphia, Pa. 

Induction Motor —A 26-page catalog 
describes the Linc-Weld induction mo- 
tor, its construction and special fea- 
tures. This motor is made of steel 
parts welded together and is built for 
standard a.-c. voltages from 110 to 
2,300 volts, for two- or three-phase, 
and 25, 30, 40, 50 and 60 cycles in 
sizes from 1 to 500 hp.— The Lincoln 
Electric Co., Cleveland, Ohio. 


Fans—Catalogs describe the line of 
R & M electric fans, both oscillating and 
non-oscillating in wall and bracket 
types and ceiling type.— The Robbins & 
Myers Co., Springfield, Ohio. 

Electric Heating Units — Booklet C- 
100 describes the various types of 
Chromalox electric heating units in 
convenient forms for industrial heat- 
ing.—Edwin L. Wiegand Co., 422 First 
Ave., Pittsburgh, Pa. 

Conduit and Fittings—Catalog 10 is 
both a catalog and a wiring guide for 
the use of Wiremold conduit system for 
surface wiring. The various fittings 
are cataloged and illustrated and 
sketches and diagrams show how they 
may be connected up.— The American 
Wiremold Co., Hartford, Conn. 

Materials Handlmg—Circular 7378 
under the above heading discusses the 
advantages obtained in various indus- 
tries through the use of electrically- 
driven machinery for the handling of 
material, gives information and data 
covering the principle groups of ma- 
terials handling devices, and describes 
Westinghouse electrical equipment de- 
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veloped especially for materials han- 
dling machinery.—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 

Speed Reducer—A circular describes 
the Lipe feed reducer, which is a ball- 
bearing, planetary unit with a flexible 
coupling built in on the low- shaft. 
These reducer units are built in two 
types for reduction from 4:1 to 100:1 
and from 48: 1 to 7,000 : 1 up to maxi- 
mum ratings of 500 hp —W. C. Lipe, 
Inc., 208 S. Geddes St., Syracuse, N. Y. 


Electric Industrial Trucks—A 40- 
page bulletin illustrates, describes and 
gives specifications for various types of 
Crescent trucks, tractors and other spe- 
cial storage-battery equipment. u- 
merous applications in different plants 
are illustrated.—The Crescent ck 
Co., Lebanon, Pa. 


Non-Metallic Gears—A booklet de- 
scribes and discusses Formica silent 
gears, gives data on the horsepower 
ratings, and instructions for their use. 
—The Formica Insulation Co., Cincin- 
nati, Ohio. 


Across-the-Line Switch—A circular 
illustrates a number of applications of 
the J-1552 across-the-line starter for 
a.c. motors, lists the advantages 
claimed, and shows the construction.— 
Allen-Bradley Co., Milwaukee, Wis. 


Hand Lift-Trucks—The 16-page Bul- 
letin 101 describes Models F and G Bar- 
rett hand lift-trucks and shows appli- 
cations in a wide variety of industries. 
—Barrett-Cravens Co., 1828 W. Monroe 
St., Chicago, III. 

Flexible Couplings—A folder de- 
scribes the Falk-Bibby flexible couplings 
and illustrates their operation under 
light and normal loads and severe over- 
loads. This coupling is manufactured 
in capacities ranging from % to 20,000 
hp. at 100 r.p.m.—The Falk Corp., Mil- 
waukee, Wis. 


Hand Lift Truck—A circular de- 
scribes the new Cowan Blue S 
self-loading hand lift truck which has 
roller-bearing wheels with Alemite 
lubrication. This type is built in var- 
ious sizes of platforms and diameter of 
wheels, but only in 2,000-lb. capacity.— 
Cowan Truck Co., Holyoke, Mass. 

_Ball-Bearing Motors—A circular 
gives some interesting figures stating 

ow an annual saving of 20.9 per cent 
on the investment was made on a ball- 
bearing motor installation—The New 
Departure Mfg. Co., Bristol, Conn. 

Tramrails—A circular entitled “Mr. 
Keen Kompetitor” shows installations 
of Cleveland hand or electric tramrails 
in a variety of industries in 42 different 
plants.—Cleveland Electric Tramrail 
Co., Wickliffe, Ohio. 

Wire Catalogs—Three separate cata- 
logs illustrate and describe, give rat- 
ings and specifications of various 
and sizes of Rome wire. These catalogs 
are entitled, “Bare Copper Wire,” 
“Magnet Wire,” and “Super Service 
Cord and Cable.“ - Rome Wire Co., 
Rome, N. Y. 

Non-Corrosive Metal—A 40- page 
booklet gives the physical pro es 
and characteristics of Everdur, a corro- 
sion-resistant alloy, and illustrates 
numerous products which may be made 
from it—DuPont Everdur Co., Inc., 
Wilmington, Del. 

Are Welding Generator A circular 
describes the Dualare generator which 
can furnish both a. e. and d. e. current 
for carbon or metallic arc welding.— 
Electric Are Cutting & Welding Co., 
152-156 Jelliff Ave., Newark, N. J. 
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1% Horse Power Century Repulsion-Start 
Induction Single-Phase Motor 


Brushes Used Only for Starting 


Brushes in all Century Repulsion-start Induction Single-phase Motors 
last for years. Many owners report that their Century Motors have 
been in operation for more than 20 years without a single brush 
replacement. 


1 Brushes touch the commutator only 3 When reaching full speed, a positive 
during the starting period. governor action automatically releases 
brush tension and allows these motors 


2 In many classes of service this means to run as induction motors. 
that the brushes touch the commutator ; ; 
only about 1/900th of the time that the Quiet operation results—no radio “in- 
motor is in operation. terference“ can be present. 


Combined with the application of the Century Wool-yarn System of Lubrication in one horse 
power and smaller motors, these facts make Century Repulsion-start Induction Single-phase 
Motors widely popular for use in household refrigerating systems, oil burners, house pumps 
and other commercial applications of a similar nature. 


Temperature rise not more than 40° Centig-ade and they will at least meet all of the test 
specifications of the A. I. E. E. and Electric Power Club. 


Built in other standard sizes from 1% to 40 horse power. 


CENTURY ELECTRIC COMPANY 


1806 Pine St. St. Louis, Mo. 


For More Than 22 Years at St. Louts 


R o SSL 


ILIAD. 


„ to 40 h. p. 73 to 40 h. p. 


NDUSTRIAL ENGINE 


Development Directed 
Far Forward 


In latest Allis-Chalmers induction motors, all-around efficiency 
leaps ahead in the traditional Allis-Chalmers way. Now it is pos- 
sible to operate normally without inspecting or lubricating more 
than every few months under even the worst conditions. Yet 
initial clearance may be expected to last for the life of the windings! 


15% less over-all length is obtained, on the average, for a given 
horsepower output. Rigidity and drive layouts are therefore 
markedly improved. At the same time starting characteristics 
are bettered because the lubricant is instantly available. 


Underlying these results is the Allis-Chalmers application of 
Timken Tapered Roller Bearings. In the anti-friction field Allis- 
Chalmers again directs electric motor development far forward, 
as in so many other instances. A-C application of electric steel 
to frames and other parts is unique. A-C silver brazed rotor bars 
and distortionless cores represent exceptional quality of construc- 
tion. A-C special insulation is also exclusive. And A-C uniform 
cooling design is another distinct achievement. 


You want the extra Allis-Chalmers economies. There is an Allis- 
Chalmers motor of just the right type to meet every require- 
ment exactly, at a cumulative saving. 


ALLIS-CHALMERS MFG. CO., MILWAUKEE 
District Sales Offices in all Principal Cities 
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Allis- Chalmers Motor 
15 k. p., 3600 r. p. m., 
Timken-Equipped, 
Direct-Connected to 
Mereen- Johnson Cleater 
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What Is the 
Age Limit for a 
Leather Belt? 


while one swallow does 
not make a summer, the 
data on this belt deserve 
your attention 


DO not know of any one thing 

that brings more genuine satis- 
faction these days than to find that 
you have obtained your money’s 
worth on a purchase. On the other 
hand, there is nothing more irri- 
tating, especially to an engineer, 
than to be “stung” by a just-as-good 
article purchased on the basis that 
some manufacturers’ representatives 
are better salesmen than liars. 

The things I have in mind now 
revolve around the service furnished 
by the 42-inch, three-ply leather belt 
shown in this picture. This belt 
was installed on a Corliss engine 
drive in the Brenon Mills at 
Georgiaville, R. I., in November, 
1876, and was in continuous service 
until the latter part of 1925. It has 
outlived its maker, the owners of 
the mill, and the engineers who in- 
stalled it. During this period of 
around 49 years, and after 35 years 
of service, the only repairs were the 
removing of the inside ply and the 
addition of a new ply to the outside. 
This belt has run over a 30-ft. driv- 
ing pulley and a 7-ft. pulley on the 
driven shaft. It was originally in- 
stalled to transmit 500 hp. with the 
driving pulley operating at 45 r.p.m., 
but after a few years the speed was 
increased to 61 r.p.m., giving a belt 
speed of 5,740 ft. per minute with a 
driving tension under normal load of 
110 Ib. per inch of belt width. 
The belt tension was certainly up 


FS 


4 A 


around the top limit of accepted 
practice, if not from 10 to 20 lb. 
higher than good belt men usually 
recommend. Besides, the centers 
measured 31.5 ft. All of these ele- 
ments, combined with a pulley ratio 
of more than 4 to 1, did not favor 
long life for a belt of this size. 

A little simple arithmetic shows 
that the owners of this belt pur- 
chased a prize package. The belt 
cost when new, in 1876, was 
$1,317.03. The cost of the new ply 
in 1911 was about $600. Last year 
when it was discarded it brought 
$300 making the total cost of this 
belt $1,617.03. 

Some more interesting sidelights 
on belt depreciation with age have 
resulted from tests on sections of 
this belt. The minimum strength of 
six sections when it was cut up was 
recorded as 1,870 Ib. per sq. in. The 
maximum strength of the same 
number of sections was 2,850 Ib. per 
sq. in., making the average around 
2,400 Ib. per sq. in. On the basis 
that a new belt of the same quality 
would have a breaking strength of 
5,000 to 6,000 Ib., it can be assumed 


that the old belt depreciated in 
strength about 50 to 60 per cent 
during 49 years of service, but even 
under such depreciated strength, the 
material was stronger when dis- 
carded than the greatest tension that 
could be applied to it as a belt. 

Here are some real facts about a 
leather belt that should be tucked 
away and thought about when the 
question comes up of whether to 
buy or not to buy a first-grade 
leather belt. I am not going to ask 
you to take my word for the 
accuracy of the figures presented, 
but refer you to Mr. Louis W. Arny, 
Secretary of The Leather Belting 
Exchange at Philadelphia, Pa., who 
can tell you a whole lot more about 
this belt drive. 
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Applying Electric Heat 
in Industrial Plants 


together with a discussion of the application of bulk 
heating, localized heating, and heat treatment proc- 
esses, including worked out examples that will aid 
in solving industrial heating problems 


HE application of industrial 

| heating can be divided into 
three fairly well defined 
classes. In the first class fall those 


processes in which the form or the 
character of the raw material is 


changed and which are also charac- 
' terized by a low unit value of prod- 
uet, no requirement of exact control 
' of temperature, and bulk of material 


predominating. Examples of this 
class are the melting of metals, 


burning brick, manufacture of ce- 


ment, evaporation of moisture and 
similar heating operations. 
In the second classification falls 


the use of heat for local applications, 
either as individual units, for glue 


By N. R. STANSEL 


Industrial Engineering Department, 
General Electric Company, 
Schenectady, N. Y. 
pots as illustrated in Fig. 10, melting 
pots for alloys, compounds, space 
heaters and the like and also where 
the heating unit is built into the ma- 
chine as in the several types of ma- 
chinery used in shoe making (one 
of which is illustrated in Fig. 11), 
the line casting machine for casting 
lines of type used by printers, the 
paper box machine and similar ap- 
plications. There are a multitude of 

applications of this kind. 
The third class embraces all heat- 
ing processes in which an even dis- 
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Fig. 1—Standard box-type electric 
furnace for annealing, hardening, 
carburizing and other heat treat- 
ment processes. 

This furnace is rated at 50 kw., 
220 volts, three phase and has in- 
side dimensions of 4 ft. wide, 4 ft. 
deep, and ft. high. It is capable 
of giving temperatures ranging 
from 750 deg. to 1,830 deg. F 


tribution of heat and close control 


of temperature are essential factors 
in the success of the use of heat to 
change the character of a material. 


The heat treatment of steel, anneal- 


ing of non-ferrous metals, vitreous 


enameling, annealing of glass, 
baking bread, and the like, represent 
this class as distinguished from the 
more simple applications of heat to 
raise the temperature of substances 
to some approximate value. 

In the first class, which can be 


termed “bulk heating,” fuel is, as a 


rule, the economic source of heat. 


In some cases it is practicable to use 


electric heat. This, however, depends 
upon the nature of the application 
and the comparative costs of fuel 
and electric energy. 


It is in this 


class that the cost of heat units is 


the important factor. While on the 
whole, electric heating, for a long 


time at least, will be in the minority 


in bulk heating, there are numerous 
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applications of electric current in 
this class on an economic basis. For 
example, the heating of buildings in 
the Northwest and in some countries 
of Europe, the production of steel 
in the electric furnace, the melting 
of non-ferrous metals and alloys on 
a large scale, water heating, and 
similar applications, all of which 
indicate the possibilities of electric 
heat in this first class of heat utiliza- 
tion where conditions make desirable 
its use. 

In general it can be stated that 
under present day conditions, bulk 
heating by electric current is not an 
economic method until the cost of 
electric energy begins to approach, 
on a descending scale, one cent per 
kw.-hr. This, of course, depends on 
the cost of fuel in any particular 
locality in which an application of 
electric heat is desired. 

The use of localized heat is par- 
ticularly the field of the smaller 
electric heating units. These are 
made in three principal forms, 
namely, cartridge units, clamp-on 
units, and immersion heaters. Here 
easy divisibility, convenience of ap- 
plication, freedom from effects of 
vibration, safety, cleanliness, and 
similar characteristics, of electric 
heating units, all combine to make 
electric current an effective and 
economical method for localized 
heating. 


Fig. 2—Cleanliness is a character- 
istic of electric heat. 


This fact is illustrated by this pic- 
ture of a battery of seven general 
apanning ovens at the plant of the 
itter Dental Co., Rochester, N. Y. 
The connected load of each oven is 
42 kw. and is operated from a 220- 
volt, three-phase, 60-cycle ower 
supply and supplies a range of tem- 
perature from 150 to 450 deg. F. 
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In the third class of heating de- 
fined in the foregoing as heat treat- 
ment processes, the approximate 
temperature classification is as fol- 
temperature classification is as given 
in the following tabulation: 


OVENS 
Drying — p to 8 
Baking "varnishes, “colors..1! 150 deg. to 8 
Baking black varnishes....400 deg. to 5 
Baking bread.....................400 deg. to 5 


22 
8 
Xs 
RR AE 
EER 


FURNACES 

Annealing non-ferrous 

metals 700 deg. to 1,400 deg. F 
Annealing steel . Up to 1,600 deg. F 
Hardening steel . Around 1.500 deg. F 
Carburizing steel . 500 deg. to 1.700 deg. F 
Annealing glass ..Up to 1,200 deg. F 
Vitreous enameling ... 1. 1,600 dee. to 1,800 deg. F. 


While this tabulation gives a gen- 
eral idea of temperatures used for 
various heat treatment processes, it 
must be kept in mind that the actual 
temperature to be used depends upon 
the material and upon the time dur- 
ing which heat is applied. In other 
words, for each material and for 
each process, even in drying, there 
is some one temperature, or some 
combination of temperature and 
time, which will give the best re- 
sults. With a lower temperature 
than this value the desired result 
from heat treatment is not realized. 
A higher temperature than that 
necessary in any given case intro- 
duces the risk of overheating and in 
addition is a waste of heat. Thus, 
while a decision as to the best source 
of heat for either of the first two 
classes is, as a rule, not difficult, 
more thought is required before 
making a decision in heat treatment 
problems. 

There are, of course, intermediate 
zones in this classification in which 
local conditions may influence or fix 
the choice of the source of heat, and 
in many cases in these intermediate 
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zones it may be difficult to accurately 
choose the best method of obtaining 
the supply of heat energy. 

The importance of conducting heat 
treatment processes at definite and 
known temperatures has resulted in 
the development of pyrometry, the 
science of measuring temperatures 
above the range of the mercury 
thermometer. From the first use of 
the pyrometer as an indicating in- 
strument have come instruments 
which, through their response to 
temperature changes within the 
heating chamber, provide for the 
control of the flow of heat to the 
chamber and thus make possible the 
control of the oven or furnace tem- 
perature within narrow limits. 

Electric current has been termed 
the vehicle of heat energy, that is, 
the current conveys the energy along 
a definite and predetermined path 
to the point of application of the 
heat. Energy is useful only in the 
degree to which it can be controlled 
and electric energy has become the 
giant of industry through the pre- 
cision and simplicity of its control. 
This ideal control is the same for the 
electric oven and furnate as for the 
other branches of energy utilization. 
The response of the pyrometer to 
even very small changes of tempera- 
ture are exactly translated into the 
control of the current input to the 
electric heating chambers so that 
the flow of heat required to maintain 
a uniform temperature is a cer- 
tainty, and this without skill or even 
thought on the part of the operator. 
This is an important consideration 
when the class of help required for 
the work is not of a high type. 


APPLICATION OF RESISTOR TYPE 
OVENS AND FURNACES 


With few exceptions, such as the 
heat treatment of some of the alloy 
steels, heat treatment processes are 
carried on at temperatures below 
2,000 deg. F. and are thus within 
the range of the electric oven and 
furnace of the metallic resistor type. 
The resistors, in the form of bars 
of ribbon, can be distributed around 
the walls, roof and below the hearth 
of the heating chamber, thus dis- 
tributing the flow of heat emitted 
from the resistor elements. Together 
with re-radiation from the walls, 
this makes possible an even distribu- 
tion of temperature within the heat- 
ing chamber so that all parts of the 
charge of material are evenly heated. 


1 With the electric oven or furnace, 


no intervening muffle between the 
source of heat and the work is 
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needed to protect the material from 
excessive temperatures and from ob- 
jectionable gases or to protect the 
resistors. Herein lies an important 
factor in the close control of tem- 
perature as the use of a muffle intro- 
duces a lag between temperature 
change and response in heat flow. 


CONTROL OF ATMOSPHERIC CONDI- 
TIONS IN ELECTRIC OVENS 


The operation of the electric heat- 
ing apparatus is in itself independ- 
ent of the atmosphere of the heating 
chamber, provided that there is no 
substance, such as sulphur, present 
in the atmosphere which would 
attack the alloy of which the re- 
sistors are composed. This, together 
with the fact that the heating cham- 
ber of the electric furnace can be 
made tight, provides for definite 
control of the oven or furnace at- 
mosphere by the introduction of 
some inert gas (suited to the ma- 
terial and heat process) into the 
heating chamber. 

The oxidization of the surface of 
metals in the presence of air is 
accelerated by heat and scale is 
formed in proportion to the amount 
of oxygen (air) available during 
the heat cycle. The amount of air in 
the heating chamber of the electric 
furnace is comparatively small and 
in many cases is not sufficient to be 
, objectionable as regards scale forma- 
tion. However, heat treatment is, in 
the majority of cases, applied well 
along towards the end of the manu- 
facturing process, and for many 
tools, and also in the annealing of 
sheets and wire where the exposed 
surface is large and thickness small, 
even a small amount of scale forma- 
tion is undesirable. The bright 
annealing of copper wire, through 
the use of an atmosphere of steam, 
is an example of atmosphere control. 
This process is illustrated in Fig. 4 
on this page. 

On the other hand, there are some 


Fig. 3—These curves are used in 
determining the heat absorbed by 
a charge of carbon steel. 


The lower curve gives the specific 
heats for temperatures ranging 
from 400 deg. to 2,000 deg. F. The 
upper curve gives the heat absorbed 
in kw.-hr. per Ib. of steel for an 
initial temperature of 70 deg. F. and 
final temperatures as plotted on the 
horizontal scale. 


heat treatment processes which re- 


quire oxygen, for example baking 
varnishes, firing vitreous enamels, 
and similar applications. 

For baking ovens some form of 
air circulation for the supply of 
oxygen and removal of vapors and 
smoke is usually necessary. For 
japan baking ovens forced ventila- 
tion is essential, as about two-thirds 
of the vapor formed from the naptha 
solvent is heavier than air and must 


be removed from the bottom of the 


Fig. 4—This is a water sealed 
electric furnace for bright anneal- 
ing of copper wire. 

The furnace is rated at 300 kw., 


550-volts, three-phase and takes a 
charge of 6,000 1 The dimensions 


of the heating chamber are ap- 
F 6 ft. by 4 t. 


ft. by 6 
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oven. In Fig. 2 is shown an in- 
stallation of japan baking ovens in 
which forced ventilation is incor- 
porated. Where the size of the oven 
warrants the application, directed 
ventilation can be incorporated with 
some method of heat recovery from 
the hot gases so as to improve the 
overall economy of heat utilization. 


EFFECT OF ELECTRIC HEAT LOAD ON 
POWER COST 


The method of operation of heat- 
ing equipment has much to do with 
economy in the use of heat. Power 
is purchased—or costs if generated 
within the industrial plant—on a 
sliding scale basis, this being ac- 
companied by a maximum demand 
charge and a power factor charge; 
in some cases the rate structure is 
more elaborate than in others. The 
user of power is interested in the 
effect that the addition of an electric 
heating load will have upon the net 
rate per kw.-hr., as shown in the 
monthly bill. With the usual form 
of rate schedule, this depends upon 
how the heating load is super-im- 
posed upon the light and power load 
of the plant. 

Much of the possible utilization of 
current for heating is flexible as re- 
gards time, hence the placing of the 
heating load on the user’s 24-hr. 
load chart with reference to the ex- 
isting maximum demand for power, 
may be advantageous in that the in- 
crease in load does not increase the 
maximum demand. This, of course, 
is on the assumption that the de- 
mand of the heating load is less than 
the existing maximum demand. 
which may or may not be the case. 
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As the power factor of the re- 
sistor type heating load is unity this 
load adds only to the energy com- 
ponent of the plant load and the 
result is a betterment of the power 
factor of the electric load of the 
plant. Cases where the addition of 
an electric heating load have elimi- 
nated the power factor charge are 
not uncommon. 

While the furnace or oven is at a 
temperature above that of the sur- 
rounding air there is a continuous 
loss of heat, the higher the tempera- 
ture the greater the loss. Hence, 
the heating equipment should be 
kept in operation only while in use 
for heating material. Also, when 
the equipment is heated there is 
stored in the walls a certain amount 
of heat, which is a total loss when 
the heating chamber is cooled to 
room temperature. To minimize 
these losses, continuous use to maxi- 
mum capacity, as nearly as may be 
possible, is desirable. Depending 
upon the character and flow of work, 
one or more small furnaces may be 


Figs. 6 and 7—At the left is shown 
an example of bulk heating done by 
electricity. 

Fig. 6 shows an electrically-heated 
lead melting pot. Calculations of 
the heating requirements are given 
on page 158. In Fig. 7 is shown 
an early type of electric furnace 
(1919) that is still in use today. 
This is a box type, direct heat fur- 
nace used for hardening tool steel 
and carbonizing. The temperature 
range is 1,400 to 1,750 deg. F. The 
control and pyrometer are shown at 
the right. 
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Ternperoture Degrees F 


Fig. 5—This graph is used in de- 
termining the heat losses through 
furnace walls. 

The curve gives the average losses 
for a temperature range of 1,100 
deg. to 1,850 deg. F. for furnace 
walls having 4.5 in. of fire brick and 
9 in. of heat insulation. 


more economical than one large 
furnace. 


FACTORS AFFECTING POWER INPUT TO 
OVEN OR FURNACE 


As is typical of electrical appar- 
atus generally, the cost of owning 
and using electrical heating equip- 
ment is comparatively easy to de- 
termine. The electrical input to an 
oven or furnace is the sum of the 
following items: 


(a) Heat absorbed by the charges of 
material. 

(b) Heat absorbed by the walls sur- 
rounding the heating chamber. 
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(c) The heat loss through the walls. 
(Dissipated at the outer wall surface 
while the oven or furnace is held at 
operating temperature.) 

(d) For ventilated ovens, the heat 
absorbed by the air used for ventila- 
tion. 

(e) The heat required for evapora- 
tion of moisture in baking and drying 
processes. 

(f) In melting metals the heat re- 
quired to supply the latent heat of 
fusion. 


Let us consider each of these 
items in turn. Item (a) deals with 
the heat absorbed by the material 
placed in the heating chamber and is 
calculated from the following 
formula: 

Pa (WAS XT") 3, 413 in which 

Pkw. -hr. 

W weight of the material in 
pounds. 

S specific heat of the material. 

T. temperature rise of the ma- 
terial. 

Included in the weight, W, should 
be the weight of the containers, if 
any, of the material, which, together 
with the charge of material, are re- 
moved from the furnace at the end 
of the heat cycle. As the specific 
heat of materials increases with an 
increase in temperature, the specific 
heat corresponding to the average 
temperature should be used. In Fig. 
3 are shown the heat absorption and 
specific heats of carbon steel for 
various final temperatures and an 
initial temperature of 70 deg. F. 

Item (b) concerning the heat 
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stored in the walls is likewise ob- 
tained by the equation given in the 
foregoing. While this amount of 
heat is lost each time the equipment 
is cooled to room temperature, if the 
service is continuous over a con- 
siderable period of time the loss by 
wall absorption becomes a compara- 
tively small item. 

The chart shown in Fig. 5 gives 
average values for item (c) dealing 
with losses through the furnace 
walls of a type of construction which 
is economical for general use with 
medium and large sizes of electric 
furnaces. The materials of furnace 
walls and the thickness may vary 
both with the service and the size of 
the furnace. However, the average 
values given by this chart may be 
useful for estimating purposes. In 
Fig. 8 is given the power required to 
supply the wall losses of electric 
ovens. 

For the ventilation of ovens (item 
(d) of tabulation on page 157), the 
heat energy required is given by the 
curves in Fig. 9 or may be calculated 
from the following formula: 

P.==(VXWXsxXT’) 3,412 
in which, 

P.—kw.-hr. per charge of material. 

V=total volume of air in cubic 
feet required per charge of material. 

W=weight of one cubic foot of 
air (At 50 deg. F., the weight equals 
0.08 lb. approximately). 

Specific heat of air (0.23 ap- 
proximately). 

T’=temperature rise of the air, 
deg. F. 

A box type varnish baking oven 
usually requires 10 to 20 changes of 
air per hour. A core baking oven 
from 4 to 8 changes of air per hour. 
This in each case must be determined 
for the class of work that is to be 
handled. 

For the evaporation of moisture 
(item (e) of the tabulation on page 
157), the heat required is: 

P»=(WX 1,200) 3, 412 
in which, 

W=weight of water in pounds. 


1,200—number of B.t.u. required 


to evaporate 1 Ib. of water at atmos- 
pheric pressure. 

As an example of the calculation 
for determining the heat required 
for melting metals (item (f) of the 
tabulation on page 157) let us de- 
termine the heat requirements for a 
lead melting pot such as shown in 
Fig. 6. This pot is required to melt 
one ton (2,000 Ib.) of lead and to 
raise the temperature of the liquid 
lead to 660 deg. F. The temperature 
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Latent Heat of Melting of 
Common Metals 


SUBSTANCE 


of the lead at the time of charging 
is 100 deg. F. 

In the table on this page we find 
that the latent heat of fusion or the 
heat required to convert solid lead 
at melting temperature to liquid 
lead is 9.65 B.t.u. per lb. It is also 
necessary to know the melting point 
of lead together with the specific 
heats of solid lead and liquid lead. 
These data are listed in the fol- 
lowing: 

Melting point of lead. . . 620 deg. F. 
Specific heat of solid lead... .0.0306 
Specific heat of liquid lead. .0.0402 
Latent heat of fusion..... 9.65 B.t.u 

The heat required to convert the 
lead in accordance with our require- 
ments will be composed of the heat 
required to raise temperature of 
lead to melting point, that is, 620 
deg., the heat required to melt the 
lead, and the heat required to raise 
the temperature of the liquid lead to 
660 deg. F. 

The heat required to raise 1 lb. of 
lead to the melting point—(620— 
100) & 0.0306 15.91 B. t. u. 
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Square Feet Surfoce 1 
Fig. 8— This graph gives the aver- 
age energy losses through oven 
walls. 


The losses in kilowatts are plotted 
against square feet of oven wall 
surface and curves are drawn for 
various temperature rises. 
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The heat required to melt 1 lb of 
lead—9.65 B. t. u. 

The heat required to raise the tem- 
perature of 1 lb. of the liquid lead to 
660 deg. F. (660-620) & 0.0402 
1.61 B. t. u. 

The total heat required per pound 
of le a d=15.91+-9.65+-1.61 = 27.17 
B. t. u. 

Heat per ton of lead 27. 174 
2, 00054, 340 B. t. u. 

Kw.-hr. per ton 54, 340-3, 4 12 
15.9 kw.-hr. 

The actual kw.-hrs. per ton would 
depend upon the degree of heat insu- 
lation of the heating chamber and 
upon the method of operation. The 
electrically heated lead pot shown 
in Fig. 6 has a melting capacity of 
3,500 Ib. per hour. Under aver- 
age conditions of one shift per day 
and including operation of the pot 
so as to hold the lead at working 
temperature overnight, the energy 
consumption is approximately 30 
kw.-hr. per ton. For two shifts per 
day, approximately 25 kw.-hr. per 
ton is required. This is a use of 
electric current for bulk heating 
where the effectiveness and con- 
venience of electric heat justifies 
its use. 


EXAMPLE OF HEAT UNIT COSTS OF 
ELECTRIC FURNACE 


The open door loss of ovens or 
furnaces must be estimated from 
the size of the door opening, tem- 
perature of the heating chamber, 
and total time that the door is open 
during the heat cycle. For a pre- 
liminary estimate an addition of 25 
to 50 per cent of the heat loss 
through the walls will usually be 
sufficient. 

One example perhaps will suffice 
to illustrate the analysis of heat 
unit costs of electric furnaces. For 
this we assume a box type furnace 
for annealing steel, for which the 
following data are given: 

Capacity, 800 lb. per hour. 

Temperature, 1,500 deg. F. 

Time of heat cycle, 45 min.—in- 
cludes time for charging and dis- 
charging. 

Furnace charge, 600 lb. 

Size of heating chamber, length 
82 in., width 45 in., height 33 in. 

Assuming an initial temperature 
of about 70 deg. F., the heat ab- 
sorbed by the steel per hour, from 
the equation given in third column 
of page 157 or from curve given in 
Fig. 3, is: 

m = [8000.16 (1,500 —70) ]— 
3,412—54 kw.-hr. 
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The inside area of the heating 
chamber is 109 sq. ft. From Fig. 5, 
the constant loss through the walls 
while the temperature of the heating 
chamber is maintained at 1,500 deg. 
F. is found per sq. ft. of interior 
surface and multiplying this by 109 
sq. ft. we obtain approximately 16 
kw. The total power consumption is 
then 16-+54=70 kw.-hr. per hr. 

The maximum demand will depend 
upon the actual kw. in resistor 
capacity installed in the furnace. To 
shorten the time required for heat- 
ing up from room temperature it is 
customary to make some addition, 
from 10 to 15 per cent, to the capa- 
city required for the normal heating 
service. In this case, say 80 kw. 
would be the maximum demand. 

To arrive at the total energy 
used over a period of time, it is 
necessary to base the estimate upon 
some definite method of operation 
and to take into account the loss of 
heat due to cooling during the hours 
the furnace is not in operation. 

For the furnace which we have 
assumed, operating 48 hr. per week 
of 5% days, the total weight of 
steel heated per week would be 
38,400 lb. The corresponding total 
amount of heat absorbed by the steel 
is 2,575 kw.-hr. The average loss 
due to cooling must be estimated. 
In this case an average loss by cool- 
ing overnight of 10 kw.-hr. per hour, 
and over the week end 5.5 kw.-hr. 
per hour, would be reasonable values. 

The heat loss for the week will be: 


16 kw.X48 hr. 768 

10 kw. 77 hr. 770 

5.5 kw. 43 hr. 237 
Total......1,775 kw.-hr. 

The total power consumption per 
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Fig. 9—Energy required for heat- 
ing the ventilating air of ovens. 

The volume of air to be heated is 
pees. a ahd energy required to 


eat the Curves for various 
S tien are given. 


week is then equal to 2,575-+-1,775= 
4,350 kw.-hr. 

While for a given temperature 
rise, the heat absorbed by the 
charge of material is constant, re- 
gardless of the time of heating, the 
total heat required by the furnace 
depends upon the length of time of 
heating. This is of course obvious 
from the fact that the loss through 
the walls while the heating chamber 
is held at working temperature is 
constant. Hence, the shorter the 


Figs. 10 and 11—TwOo good 
examples of localized heating. 


the Graton & Knight M Co. In 
Fi 11 is shown an insta lation of 
350, 5 i -qt., aluminum jacketless glue 
pots, in the woodworking depart- 
ment of the Willys-Overland 
Toledo, Ohio. 
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heating period (which varies over a 
wide range for different classes of 
work), the less the power consump- 
tion per pound of material. 


COST OF HEAT COMPARED TO COST OF 
FINISHED PRODUCT 


Perhaps there is nothing so well 
known among oven and furnace 
users today as that the cost of heat 
units required for heat treatment 
processes—whatever may be the 
source of heat—is but a small per- 
centage of the total cost of the 
finished article. Hence, an analysis 
of the cost of owning and operating 
heating equipment should go beyond 
a comparison of heat unit costs and 
bring into the reckoning the many 
other items on which depend the cost 
of production. | 

Included in the list of charges 
which go to make up the cost of the 
finished manufactured article are: 

(a) The overhead cost. 

(b) Maintenance. 

(c) Labor cost. 

(d) Cost of raw material. 

(e) Cost of rejected parts. 

(f) Rate of production. 

High temperatures are the most 
prolific source of maintenance 
charges against heating equipment. 
It would be surmised that the main- 
tenance cost of electric heating is 
low, because it is not necessary to 
create an excess of temperature in 
any part in order to obtain a desired 
temperature in the heating chamber, 
that is, the resistors operate at a 
temperature not far above that re- 
quired for the heat process. At 
temperatures below 2,000 deg. F. the 
alloys used for the resistors have a 
long life. In furnaces the fire-brick 

(Please turn to page 176) 
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Considerations involved in 
Planning Lighting System 
for a Tire Factory 


with method of determining size and number of 
lamps necessary for illumination required, and fac- 
tors that influenced layout of distribution system 


By PHILIP CHAPIN JONES 


Electrical Engineer, The Goodyear Tire 
and Rubber Company, Inc., Akron, Ohio 


~ ENERAL principles underly- 
(4 ing illuminating engineering 
apply, of course, to all instal- 
lations. Nevertheless, their practi- 
cal application to specific cases re- 
quires the exercise of good judgment 
in order to obtain the desired re- 
sults. Some time ago the task of de- 
signing the lighting system for a 
large automobile tire factory de- 
volved on me, and in this work some 
interesting problems were solved. 
The system ultimately chosen re- 
sulted from a close study of the gen- 
eral arrangement of the factory, the 


illumination intensity required for 
the processes used, the spacing dis- 
tances and mounting heights permis- 
sible, and so on. 

In this instance, the processes 
which influenced the lighting were 
as follows: (1) Washing, wherein 
the crude rubber is fed between rolls 
to be washed and worked for the 
purpose of removing dirt and im- 
purities. The nature of this work 
does not require a high intensity of 
illumination. (2) Milling, in which 
process the ingredients necessary to 
give the desired characteristics are 
worked into it. This operation re- 
quires higher intensity of illumina- 
tion than does washing. Further- 
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Final inspection of inner tubes requires 
an intensity of 25 to 35 ft. candles. This 
high level of illumination is obtained by 
suspending over each inspection rack, one 
No. 815 X-ray reflector and 200-watt lamp. 


more, the problem of obtaining prop- 
er lighting for this process is com- 
plicated by hoods over the machines. 
(3) Calendering, in which the rub- 
ber is rolled into sheets and gaged 
for thickness. Fairly high intensi- 
ties are required for this work in 
order to detect imperfections. The 
work is in a vertical plane. (4) Tire 
building and finishing operations 
also require a rather high intensity 
of illumination. Moreover, it is 
necessary that the light come from 
low angles as the work must be 
closely inspected at all stages of the 
processes. The nature of the equip- 
ment and the conditions surrounding 
these processes are shown in the 
illustrations. The other processes 
involved in the manufacture of tires 
are not so exacting in their illumina- 
tion requirements. 

In all of these processes the work 
to be illuminated is black or very 
dark in color. For this reason higher 
intensities than usual are required, 
especially where the work must be 
inspected. For the dark fabrics dealt 
with in a tire factory the coefficient 
of reflection is 0.1, or less. 

The lighting intensities required 
were determined by experiment, as 
we felt that this was the best way of 
solving the problem. Lamps of dif- 
ferent sizes were tried in turn above 
the machines and the operators were 
asked to tell when, in their opinion, 
the illumination was sufficient for 
speedy, safe, and accurate work. 
Then the intensity of the light at 
the working plane was measured by 
means of a photometer which gave 
the illumination in foot-candles. If 
desired a foot-candle meter could be 
used for the same purpose. This 
instrument is not expensive, is easy 
to operate and gives direct readings 
in foot-candles. Another way of get- 
ting such information for general 
use is to secure it from various 
handbooks or from the Lighting 
Bureau of the National Electric 
Light Association, Nela Park, Cleve- 
land, Ohio. This bureau has tabu- 
lated the intensities recognized as 
good practice in practically all of the 
leading industries. After the de- 
sired lighting intensity has been de- 
termined in any manner, good judg- 
ment must, of course, be used in 
changing the values as needed. 

In this tire factory it was found, 
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as explained above, that if a general 
lighting scheme were used an av- 
erage of 5.5 ft.-candles would be 
sufficient. Higher values might 
bring greater over-all economies and, 
in fact, in certain parts of the plant 
greater values are now in use. Again, 
the intensity of lighting necessary 
in certain places is considerably 
higher than it is in others. Thus, 
from 1 to 2 ft.-candles was found 
sufficient for storage, while from 20 
to 40 ft.-candles are needed for in- 
spection work. As it would be ex- 
travagant to maintain an average of 
20 to 40 ft.-candles over the whole 
plant, local lighting was superim- 
posed upon the general lighting in 
the few special places where these 
higher intensities were needed. 

Assuming that the illumination 
required is 5.5 ft.-candles, the 
amount of light flowing to each 
square foot of working plane must 
equal 5.5 lumens. It would not be 
correct, however, to choose the size 
of lamps on this basis because some 
of their light is wasted in the reflec- 
tors and some is wasted by striking 
columns, machinery and other ob- 
structions. With the R. L. M. stand- 
ard dome reflector, which was chosen 
as the best for this installation, only 
70 per cent of the light is usable, as 
30 per cent is wasted in the reflect- 
ing surfaces, and otherwise. There- 
fore for this reason the amount of 
light flowing per square foot must 
be 5.5=-0.70=7.86 lumens. 

This does not take into account 
the light lost by striking machinery, 
columns and the like, which was fig- 
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ured in this case as amounting to 15 
per cent, leaving available 85 per 
cent of the light. This 85 per cent 
is called the “Utilization Factor.” 
This factor varies according to the 
color of the equipment and walls in 
the plant and the amount of obstruc- 
tion in the form of pillars, belts and 
so on. With this utilization factor 
of 85 per cent, the total light sent 
out by the lamps must be further 
increased to 7.86 0.85 9.24 lumens 
per square foot. Having obtained 
this figure it was easy to calculate 
the watts per square foot as the av- 
erage output value of type C gas- 
filled lamps is about 13 lumens per 
watt. Then the watts required equals 
9.24 13 20.711 watts per square 
foot. Using this figure the size of 
lamps necessary was calculated as 
described later. 

A system of general lighting rath- 
er than local lighting was adopted 
because the former was cheaper in 
this case and would light the plant 
quite as well if a few units for local 
lighting were also used. The cost 
of a lighting system consists of op- 
erating expenses and fixed charges; 
and fixed charges are proportional 


Milling the rubber requires a fairly 
high intensity of illumination. 
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to the cost of installation. A brief 
study shows that the most costly 
items of a lighting system are the 
reflectors, lamps and switches. By 
reducing these to a minimum the 
lowest over-all cost may be obtained. 
Exclusive of the main supply lines, 
the cost of the general system decid- 
ed upon was divided about as fol- 
lows: Fixtures (including lamps), 
61.8 per cent; switch wiring, 25.1 
per cent; and main wiring 13.1 per 
cent. 

As a good rule to follow it may be 
stated that where a few operations 
or machines are used over a large 
area, local lighting is cheaper as 
there is but one reflector, lamp and 
switch for each machine, and very 
few of these per 1,000 sq. ft. Where 
a large number of machines or opera- 
tions are crowded into comparatively 
small areas, general lighting is 
cheaper, as fewer reflectors, lamps, 
and switches are required. 

The operating costs are deter- 
mined by the number of reflectors, 
lamps and switches installed. Re- 
flectors must be cleaned, lamps re- 
newed, and switches repaired. There 
is, however, one other factor that 
often assumes large proportions; 
namely, changes in location of equip- 
ment. If equipment is being moved 
about frequently the cost of moving 
the local lighting units becomes a 
large part of the operating cost. 
With general lighting, where the 
lamp locations are independent of 
the machinery locations, this factor 
does not enter. The tire industry 
is comparatively new and its pro- 
cesses are constantly being changed 
or improved. Expansion is also 
rapid and the demand changes from 
one set of sizes to another, or from 
one type of tire to another. All of 
these changes demand new layouts 
and the expense of changing local 
lighting systems would probably ex- 
ceed all other items of operating 
cost. As the lighting distribution 
factor of a tire plant is high, the 
choice of general lighting becomes 
obvious. 

With a building construction hav- 
ing definite bays separated from 
each other by columns and deep 
beams, it is necessary to take the 
bay as a unit of area in designing 
the lighting system. The lamps must 
be more or less symmetrically placed 
in each bay and all bays must be 
alike. As the bays in this factory 
are 20 ft. by 20 ft. they require a 
total of 284 watts each, on the basis 
of 0.711 watts per sq. ft., which was 
the figure found necessary to give 
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5.5 ft.-candles. Using standard size 
lamps would round this off into 300 
watts per bay, giving slightly more 
than 5.5 ft.-candles average inten- 
sity. This wattage might be sup- 
plied in either two 150-watt lamps, 
three 100-watt lamps, four 75-watt 
lamps, or six 50-watt lamps. The 
determining factor is the distribu- 
tion, as the fewer lamps used the less 
would be the cost of the system. 

The relation between minimum 
and maximum intensity in a bay 
should be as near unity as is possible 
with reasonable economy. To deter- 
mine this point the test shown in the 
accompanying table was made of the 
relation between the number of 
lamps and the ratio of the various 
intensities resulting. This test was 
made under the conditions that there 
were no obstructions to cast shad- 
ows, the bays were 20 ft. by 20 ft., 
the mounting height was 9 ft. above 
the working plane, and the reflectors 
were R. L. M. standard dome. Four 
bays, a section 80 ft. by 80 ft. square, 
were lighted while the test was made 
so that light from the four bays 
came to every point. 

It was apparent from this test that 
it would be unnecessary to use more 
than three lamps per bay, as a ratio 
of 0.980 was obtained with three 
lamps. If the conditions assumed 
in computing these figures—no 
shadows and large spaces—could al- 


ways be realized, two lamps per bay * 


would be adequate, as with these the 


ratio would be 0.788. However, in 


practice this is not possible; 80 three 
units per bay were chosen. More- 
over, the choice of three units per 
bay was desirable in this case for 
another reason. With the units se- 
lected, each has a 100-watt lamp. If 
it is so desired in the future the in- 
tensity may be increased 50 per cent 
without changing the reflectors, as a 
150-watt lamp will fit the same 
equipment. In parts of the plant 
this has already been done. 

„ In order to have the fixtures above 
the bottom of the I-beams, thus af- 
fording protection, and at the same 
time giving a more even distribu- 
tion of light, a mounting height of 
11 ft. 6 in. above the floor was se- 
Tected. 

For construction reasons and be- 
cause any partitions erected will or- 
dinarily follow bay boundaries, the 
control of the lamps should ordinar- 
ily be divided according to bays with 
one, two or three bays per switch. 
If all the lamps were lighted at once 
the cheapest arrangement, from the 
standpoint of installation, would be 
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to control three bays by each switch. 
Much of the time, however, only 
small sections of the lighting system 
are in use. By the use of fewer 
switches a saving would be made in 
first cost, but this would be at the ex- 
pense of an increase in operating 
cost, caused by lamps being burned 
unnecessarily. This problem is not 
subject to precise solution and, as 
the best compromise, the practice of 
controlling two bays per switch was 
chosen. A typical section of the fac- 
tory is shown in one of the illustra- 
tions. The lamps are arranged three 
in each bay, symmetrically with re- 
spect to the bay and in orderly rows 
across the entire plant. 

After these details had been set- 
tled the distribution system had to 
be designed, keeping these factors 
in mind: An adequate supply of 
power for lighting under unexpected 


Calendering also requires a high 
level of illumination. 


The rubber is rolled into sheets of 
definite thickness on these rolls and 
must at the same time be inspected 
for imperfections. <As the general 
illumination of approximately 5.5 
ft.-candles is not sufficient for this 
work, it is supplemented by the use 
of a 60-watt lamp in a half- 
reflector guard, which throws light 
onto the rolls. 
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conditions must be assured; changes 
must be easy of accomplishment; the 
construction must be rugged, and at 
the same time economical. Efficiency 
in the use of materials and labor 
must be the keynote. 

The average connected load is 0.75 
watts per sq. ft. (three 100-watt 
lamps in a 20-ft. square bay) or a 
total of about 365 kw. for the build- 
ing, including basement. However, 
as lighting intensities are increasing 
it seemed wise to allow a capacity of 
at least 1 watt per sq. ft., as a basis 
of feeder capacity, thus giving a 
total connected load of approximately 
550 kw. 

The primary voltage is fixed gen- 
erally by considerations other than 
lighting distribution. In this case, 
energy is obtained from the power 
house about 1,000 ft. distant. Ob- 
viously, it would not be wise to trans- 
mit at the lamp voltage currents of 
several thousand amperes. However, 
2,300-volt, three-phase energy was 
available and as this was being used 
for all power distribution it was the 
natural choice for the lighting dis- 
tribution as well. 

For the lamp voltage there can 
scarcely be said to be any choice at 
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all. While 220 volts are still used to 
some extent the lamps at that volt- 
age are more expensive, less efficient, 
and more fragile. In the vibration 
existing in most plants their life is 
very short. They are also at a dis- 
advantage from a safety standpoint, 
particularly where extensions are 
used. Thus 110 and 120 volts are be- 
ing used more and more, and a great 
many 115-volt lamps are in use. This 
is a very good value, linking in with 
the 230-volt and 2,300-volt series 
which are now more common than 
the older 110, 220 and 2,200 volts. 
We decided to use 115 volts. 
Although the choice of 115 volts 
for the secondary system is simple, 
the choice of the type of secondary 
distribution is not so obvious. There 
are three possibilities which, with 
their corresponding percentage cur- 
rents for any given load, are shown 
below: 


PER CENT 
VOLTS TYPE CURRENT 
115 1 phase 100 
115 3 phase 67.7 
280/115 8 wire 60.0 


In deciding between these three 
possibilities there are several factors 
to be considered. The basis of com- 
parison is the relative economy of 
operation of the three systems when 
designed for equal line drops. Under 
this condition the controlling factors 
are total copper required and line 
losses (I’r). 

Omitting the very simple calcula- 
tions required, we obtain these re- 
sults. COPPER 


NuMBER REQUIRED LOSSES 
or WIRES PERCENT PER CENT 


115 volts, 1 ph. 2 100.0 100.0 
115 volts, 8 ph. 3 75.0 100.0 
230/115 volts, all 
N ade same 
3 75.0 50.0 
220% volts neutral . 
one-half size 3 62.5 50.0 


Omitting Case 3, which for an or- 
dinary lighting system would be in- 
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How Distribution of Light Is Affected by Changing Number 
of Lamps in a Bay 


MAXIMUM 
INTENSITY 


MINIMUM 
INTENSITY 


These tests were made under the following conditons: 
20 ft., lamps mounted 9 ft. above working plane, in R. L. 


Bays 20 ft. by 
dome reflectors. 


and arranged symmetrically, with no obstructions to oat shadows. 


defensible, the three-wire system 
seems at first sight to offer some 
economies, although the figures given 
are for cost of copper only. The 
complete cost of installation, includ- 
ing cost of all material and labor, 
would not stand in a similar ratio. 

The three-wire system has, how- 
ever, certain objectionable features 
which may offset its advantages. 
First, bringing 230 volts, instead of 
115 volts, into the lighting cabinet 
entails increased danger to em- 
ployees, with greater liability of 
short-circuits, and likelihood of 
greater damage by them when they 
occur. With the three-wire system 
there is also the possibility of bring- 
ing 230 volts directly into the sock- 
ets by careless wiring, which unfor- 
tunately we always have to consider. 

Aside from these disadvantages, 
which are potential rather than ac- 


General illumination of 5.5 ft. - 
candles is not sufficient for tire 
building, left, and tube wrapping, 
right. 

Both of these operations also re- 
quire that the light come from low 
angles, to facilitate close inspec- 
tion. Over the tube-wrapping table 
two No. 815 X-ray reflectors with 
200-watt lamps give an intensity of 
nearly 30 ft.- candles. This high 
level is necessary to avoid wrinkles 
in the wet, black fabric that is 
wrapped around inner tubes pre- 
paratory to curing them. 


tual, there are one or two relating to 
transformer grouping. With a three- 
wire system each bank takes energy 
from a single phase only, so that 
where the supply is three phase 
there is usually an unbalanced cir- 
cuit. The primary wiring arrange- 
ment is also not so convenient, for 
cable is generally used and it is 
necessary to make an awkward, 
single-phase termination for a three- 
phase cable or to use both three-con- 
ductor and two-conductor cable 
which, of course, increases the stock 
of spare cable to be carried. Further- 
more, where a bank consists of one 
or at the most two transformers, 
any transformer trouble will cause a 
loss of lighting until the defective 
transformer is replaced. With a 
three-phase system using three trans- 
formers per bank in closed delta, if 
there is trouble on one transformer 
it can be cut out and a good portion 
of the load carried on the other two 
in open delta until the third trans- 
former is replaced. 

Where smaller total capacity is de- 
sired, open-delta banks or single- 
phase banks may be used with a 
slight decrease in reliability. In the 
plant under discussion the decision 
was made in favor of the three-phase 
system. It was felt that the many 
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advantages overweighed the differ- 
ence in cost. 

The size of transformer was set 
at 25 kva. in all cases for the regu- 
lar lighting. The criterion for size 
is mainly the average size of the 
buildings to be lighted. The upper 
limit would be set by the amount of 
space that can be economically fed 
at 115 volts. Where the voltage drop 
is to be kept around 2 per cent, the 
maximum distance for the most 
economical transmission at 115 volts 
is from 50 to 150 ft., depending on 
the type of construction. Thus, 
where three- or four-story buildings 
are used and fairly high intensities 
arranged for, this limit is rather 
high. With transformers placed at 
the center of the long side of a rec- 
tangle, space3 200 ft. by 100 ft. can 
readily be handled. 

The structure of the 115-volt dis- 
tributing system is always a subject 
of study and often one of special dif- 
ficulty. The alliterative trinity of 
cost, convenience, and Codes is inex- 
tricably jumbled. There are two 
general schemes: central and distrib- 
uted control. The first system has a 
main cabinet from which all the 
lights are controlled; in the second 
system the lamps are controlled 
locally by conveniently-placed 
switches. Both systems have their 
various modifications. 

The advantage of the central 
control system is that all lighting is 
brought under the supervision of one 
person, which is very desirable under 
some conditions. It has, however, 
many disadvantages. With this sys- 
tem the leads from the transformers 
are run to a cabinet where each cir- 
cuit is tapped onto a main bus 
through cutouts. The individual cir- 
cuits may run to their respective 
distribution areas in any manner de- 
sired, conduit or open. The only re- 
duction in wire size is in the main 
cabinet, where there are fuses to sat- 
isfy the Underwriters’ requirements. 
Thus, we have of necessity longer 
runs of small wire and must use 
more copper to hold up the voltage. 
In general, the central control sys- 
tem is more expensive than the dis- 
persed control system and can be 
justified only by the necessity of 
having the lighting under unified 
control or by Code requirements. 

The advantages of the dispersed 
control system are lower cost of in- 
stallation and the control of the 
lights by the workers themselves to 
suit their local needs. The difficulty 
with the dispersed control is in ob- 
taining the proper reduction in wire 
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size in an economical and practical 
manner without Code infringement. 

In our case a main cabinet was 
placed just inside the wall from the 
transformers, which in all cases are 
hung on the outer walls of the build- 
ings on steel platforms. In this cab- 
inet is a fused main switch feeding 
a short copper bus and No. 4/0 ris- 
ers which go up and down to other 
floors. These risers are fused, which 
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The lamps in two bays are con- 
trolled by one switch. 


Study of all of the factors involved 
showed that the arrangement of 
switches and wiring shown here 
was the most economical. In this 
installation six lamps are controlled 
by one switch, except at the corners 
and near the walls, where the lamps 
oe controlled in groups of two or 
ree. 


gives the first of a series of four 
reductions before the ultimate No. 
14 conductor is reached. On each 
floor is a cabinet fed by the No. 4/0 
riser, having two branch circuits of 
No. 2 conductor with fused switches. 
These No. 2 conductors are floor 
mains and run down the center of 
the building, one in each direction. 
Tapped onto these, through fused 
switches, are No. 8 mains running 
across the building. The individual 
lighting circuits are tapped to these 
No. 8 cross mains. Both the No. 8 
and No. 2 mains are of triple-braid, 
slow-burning wire stretched open 
and suspended from the bottoms of 
the floor beams above. 

One of the points of greatest con- 
flict between cost, convenience and 
Codes in the open main system of 
lighting distribution is the run con- 
necting the main with the circuit 
cutout. 

Under ordinary operating con- 
ditions this section of wire between 
the fuse and the mains is protected 
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by the branch fuse. The only situa- 
tion under which protection is not 
afforded is when trouble occurs on 
this section itself. Owing to the 
shortness of the run and the fact 
that it is all in conduit, however, the 
chances of trouble here seem very 
remote. The only thing to be really 
feared is that in case of short-cir- 
cuit on this section the wires in the 
drop might fuse and cause fire or 
other injury before the fuses in the 
mains would blow. In coming to a 
decision in the matter it was, there- 
fore, finally agreed that the wire be- 
tween the main and the fuse need 
be only large enough not to fuse at 
a current which would blow the 
fuses in the mains. 

From the fuse on to the lights, ex- 
cepting 10 ft. of conduit up the col- 
umn, all the wire is No. 14 r.c. run 
open on cleats fastened to the ceiling. 
The 24-in. I-beam between the two 
bays on each circuit was passed by 
means of a short piece of conduit 
bent over the top of it and embedded 
in the floor above. Where the floor 
is concrete 4-in. by 4-in. wooden in- 
serts were placed in it at every cleat 
position. 

The voltage regulation is very 
close. The 2,300-volt lighting feed- 
ers are fed from a lighting bus 
through an induction regulator com- 
pounded for about 2 per cent line 
drop. Under the worst normal con- 
ditions the voltage at the lamps does 
not vary 2 per cent from the rated 
voltage. 

Tests were made on the completed 
system with a Leeds & Northrup 
photometer. A bay was marked off 
into 2-ft. squares and readings were 
taken at the corners of each square. 
An interesting fact discovered was 
that only 51 per cent of the total 
light flux falling within a bay came 
from the lamps in that bay, while 49 
per cent came from the lamps in 
surrounding bays. This was deter- 
mined by taking a reading, first, 
with all lamps turned off except 
those in the bay concerned, and then 
with all lights on. In none of the 
tests, however, were lamps turned on 
at a distance greater than 40 ft. from 
the bay under test. The average 
illumination was found to be 5.05 ft.- 
candles and the ratio of minimum to 
maximum intensity was 0.78. This 
ratio figure shows the effect of col- 
umns and other obstructions. This 
scheme of general lighting with the 
addition of local lighting for inspec- 
tion and other special work, has been 
used now for some time with very 
satisfactory results. 
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PRACTICAL operating data on leather 
belt drives, particularly information re- 
garding their power-transmitting capacity 
under various service conditions which has 
been obtained from a series of extensive 
tests carried on at Cornell University by 
The Leather Beltintg Exchange Founda- 


tion, are contained in this article. 


Tests which show 


Capacity of 
Belts Under 
Operating 
Conditions 


with particular reference 
to the relative power 
transmitting capacity of 
leather belts on vertical 
and angular drives 


By R. F. JONES 


Research Engineer, The Leather Belting 
Exchange Foundation, Cornell 
University, Ithaca, N. Y. 


ELT drives, although by far 
B the most common method of 

connecting two shafts or ma- 
chines or the drive to its machine, 
are altogether too frequently laid 
out by rule of thumb or by guess. 
To provide reliable information, 
which could be used by practical 
operating men, on the power trans- 
mitting capacity of leather belts, 
The Leather Belting Exchange Foun- 
dation, has conducted a series of 
extensive tests on belts operating 
under various service conditions. 
The results obtained by some of 
these tests were given in an article* 
entitled “How Service Conditions 
Affect Belt Capacity,” which ap- 
peared in the June, 1925, issue of 
INDUSTRIAL ENGINEER. 

This previous article gave easily 
usable information that would assist 
operating men in laying out a belt 
drive and enable them to make the 
proper allowances for some of the 
conditions which affect its power 
transmitting capacity. Conditions 
Readers who do not have copies of 
the June, 1925, issue of INDUSTRIAL 
ENGINEER on file may obtain the infor- 
mation on which this previous article by 
Mr. Jones was based by requesting Re- 
pert R-18 from The Leather Belting 


xchange, 417 Forrest Building, Phila- 
delphia, Pa. 
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tested and reported at that time 
covered the effect of diameter and 
ratio of pulleys, center distance, and 
high belt speed on horizontal belt 
drives, and also the use of the grav- 
ity belt idler. A large number of 
tests were made under a variety of 
operating conditions. 

The results obtained from these 
tests were given in the form of 
curves and tables that indicated the 
power which various weights of 
belts are able to transmit at different 
speeds, and the correction factors 
which indicate the necessary allow- 
ances to be made for the types of 
drive indicated according to pulley 
size and distance between centers. 

Since that time additional tests 
have been made to compare the 
power transmitting characteristics 
of belts operating horizontally, ver- 
tically, and at various angles with 
the horizontal. This information is 
incorporated in the present article to 
serve as a guide in the layout and 
design of these drives. In addition, 
the author has correlated the re- 
sults with the method of belt drive 
design published previously so that 
this same system with the indicated 
modifications can now be used for 
vertical and angular drives. 

Our regular 100-hp. laboratory 
apparatus, which was illustrated in 
the previous article, could not be 
used for this work without prohibi- 


ai 


P 


Fig. 1—Angular drives were tested 
by raising the dynamometer and 
moving it to the side. 


tive trouble and expense; so parts of 
a smaller machine often used for 
demonstration work were employed. 
The principal units of apparatus 
used were, a 15-hp. electric cradle 
dynamometer, two 10-hp. electric 
motors, and a platform scale. This 
type of dynamometer is in such com- 
mon use for absorbing and measur- 
ing power that a description of its 
construction and operation is un- 
necessary here. 

One of the motors was mounted 
overhead on the platform scale, 
which was supported by an elevated 
platform about 8 ft. high, as shown 
in Fig. 2. Placing the motor on the 
scale provided a reliable means of 
measuring the belt tension, since any 
load registered by the scale beyond 
the tare weight of the motor and 
auxiliary apparatus was due to belt 
tension. Four especially designed 
jackscrews which allowed about 6 in. 
of vertical movement to provide for 
adjusting the belt tension supported 
the scale and motor. These jacks 
are operated from below by hand- 
wheels which cannot be seen in the 
picture. 

In Fig. 2, the belt is driving ver- 
tically from the overhead motor to 
the dynamometer. The other motor, 
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shown on the left, was used to drive 
the dynamometer through a hori- 
zontal belt, at the same center dis- 
tance and belt speed. In this way 
the belt could be changed from one 
drive to the other in a few minutes, 
and thus enable us to obtain a com- 
parison of the two drives under the 
same conditions. 

On the horizontal drive the belt 
tension was applied by weights 
which pulled on a cable attached to 
the motor. This cannot be seen in 
Fig. 2, but a track and two of the 
roller-bearing wheels will be noticed 
supporting the motor. Great care 
was taken to level the motor track 
so that the unweighted pan and 
cable would just balance the fric- 
tional forces on the wheels, thus 
insuring that no tension would be 
added to nor subtracted from the 
desired belt tension by gravity or 
friction. 

This apparatus adapted itself very 
readily to tests at other angles than 
the vertical, because the dyna- 
mometer could be raised and moved 
to the left to give the required angle 
and center distance, as illustrated in 
Fig. 1. Tests were made in this way 
on belts operating at 45 deg. and 
6714 deg. with the horizontal. The 
scale measured only the vertical com- 
ponent of the tension, and conse- 
quently the correct tension on the 
angular belts was obtained by using 
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a scale setting equal to the sin of 
the angle times the desired belt 
tension. 

Cast-iron pulleys 10 in. in diam- 
eter and with 4-in. faces, which had 
been well polished by usage, were 
employed. Both motors had a no- 
load speed of 1,200 r.p.m., and a 
full-load speed of 1,160 r.p.m., which 
gave a belt speed of between 3,100 
and 3,200 f.p.m., depending on the 
load and slip. 

Accurate slip measurement was 
accomplished through the use of our 
rotating-lamp slipmeter, which will 
be explained in detail for the benefit 
of those not familiar with the 
apparatus. Where the driver and 
driven pulleys are the same diam- 
eter, as in this case, a small brass 
plate is mounted on the fiber drum 
called the contactor, and this is at- 
tached to the motor shaft, as shown 
in Fig. 3. At one end of the dyna- 
mometer shaft is a black disk or dial 
upon which is fastened a flashlight 
bulb. Current is supplied to the 
bulb through slip rings and brushes 
as indicated, and the light will flash 
every time the contactor plate comes 
around to its brushes. 

When the belt is running at no 
slip the two shafts will revolve at the 
same speed, and the light will always 
appear at the same point 0. If belt 
slip is present, the dynamometer 
shaft will not revolve as fast as the 
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motor shaft, so that when the motor 
shaft has made a complete revolu- 
tion, the driven shaft has only 


reached position 1, where the light 


flashes. The next revolution of the 
motor finds the light at position 2. 
The distance from 0 to 1 and from 
1 to 2 is the slip during each revo- 
lution. These distances are, of 
course, exaggerated in Fig. 3 to 
emphasize the principle of the slip- 
meter. 

In use, the machines are running 
so fast that the light appears as a 


streak, which moves whenever slip- 


page occurs. Every revolution of 
the light indicates the loss of a revo- 
lution through slip. Dividing the 
r.p.m. of the light by the r.p.m. of 
the driver and multiplying by 100 
gives the percentage of slip. 


PROCEDURE FOLLOWED IN MAKING 
BELT DRIVE TESTS 


Two different high-grade leather 
belts were used in these tests as a 
check on the accuracy. In addition, 
similar tests were also made on belts 
of other materials, but the results 
and curves obtained are not included 
in this article. A few tests were 
made on the flesh sides of the leather 
belts for comparison between the 
vertical and horizontal drives. The 
dimensions of the two belts are 
approximately as follows: Belt No. 
1 was 1 in. wide, 0.204 in. thick and 


Fig. 2—Tests were first made on horizontal and vertical 
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belts with the apparatus set up as shown. 


The dynamometer is located in the lower foreground and can 
be connected by the same belt either to the motor on the 
scales on the platform to operate as a vertical drive or trans- 
ferred quickly to the motor at the left to operate as a hori- 
zonal drive. The apparatus is so designed that all conditions 
can be kept constant, and as the change can be made in a 
few minutes the results are comparable. 


Fig. 3—Slip is measured by this rotating-lamp slipmeter 
when the pulleys are of the same diameter. 


A n bulb is mounted on the black dial and connected 
through brushes and a special commutator on the motor shaft 
to light at each revolution. If there is no slip the light will 
remain at the initial position 0. Due to the slip the tht 
travels to position 1, then to 2, and on around: each revolution 
of the light indicates the loss of a revolution through slip. 
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weighed 15.2 oz. per sq. ft.; belt No. 
2 was 0.965 in. wide, 0.19 in. thick 
and weighed 14.85 oz. per sq. ft. 

These belts had been used pre- 
viously for other work and therefore 
were well run in. It is necessary 
before any tests are made that each 
belt be run long enough to be sure 
that its surface condition is constant, 
or nearly so. 

The belt tension was set when the 
test belt was running at normal 
speed under no load. We have desig- 
nated this as “the light-running ten- 
sion” (LRT) to differentiate it 
from the “initial tension” which is 
set with the belt at rest, or “the 
slow-running tension” which is set 
while the belt is running very slowly. 

Three light-running tensions were 
used in most of the tests: namely, 50, 
75, and 100 Ib., which range was 
great enough to show the effect of 
tension under the various conditions. 
The tension in each individual strand 
was one-half of the light-running 
tension. 

The tests were divided into two 
groups: First, a series on belt No. 
1, which were made primarily to 
compare the power transmitting 
characteristics of the horizontal and 
vertical drive; second, tests on belts 
Nos. 1 and 2 which were made to 
compare the 45-deg. and 6714-deg. 
drives with the horizontal and ver- 
tical drives. A test consisted prin- 
cipally of slip readings taken as the 
load was increased in increments 
until the maximum capacity of the 
belt had been reached. Care was 
taken to maintain the room tem- 
perature practically constant, and 
the relative humidity was measured 
at frequent intervals. 

With the first group of tests, 
which compared the horizontal and 
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Table II Effect of 


Center Distance on Horizon- 
tal Drives 


Per cent difference 
L( H- V) +H] X100. 


vertical drives, we made tests on one 
of the two drives at the three light- 
running tensions, and then imme- 
diately changed the belt to the other 
drive and repeated the three tests. 
This method eliminated the possi- 
bility of error due to surface or 
humidity changes. Five series of 
comparative tests were made in this 
way. All horizontal belt tests were 
made with the tight side on the 
bottom and all comparisons of the 
different drives will be made on a 
tight-side-below basis. 

The second group of tests, which 
investigated angular drives, had to 
be handled in a little different way. 
Here the apparatus was first set up 
to run the belt at 45 deg. and tests 
were made on belt No. 1 at each of 
the three tensions with the tight 
side of the belt on top and then on 
the bottom. Tests comparing the 
tight side above and below were 
made directly following one another. 
Then the dynamometer was moved 
to give a 67½-deg. drive and the 
tests were repeated. Following 
these, vertical and horizontal drive 
tests were made to get a basis for 
comparison of results under practi- 


Table I—Comparison of Tests on Horizontal and 
Vertical Belt Drives 
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cally the same operating conditions. 

Careful analysis of the data ob- 
tained on the first tests revealed in- 
consistencies which could not be 
entirely explained; so more tests 
were made on belt No. 2, in the same 
way as before except that the tight- 
side-above tests on the angular 
drives were omitted. A few addi- 
tional tests, made principally to 
check the accuracy of the apparatus, 
completed the work. 


PRELIMINARY DISCUSSION OF 
RESULTS OBTAINED 


A total of 88 tests were made 
during the progress of the investi- 
gation. As it is impracticable in this 
report to show curves for all of 
these tests a few representative 
curves have been selected as illus- 
trative of the results obtained. Figs. 
4 and 5 show the transmission char- 
acteristics of a leather belt (grain 
side) and a leather belt (flesh side) 
on the horizontal and vertical drives. 
Figs. 6 and 7 are given as typical 
curves of a leather belt (grain side) 
running at 6714 deg. and 45 deg. 
with the horizontal. These will be 
discussed in detail later. The follow- 
ing nomenclature has been employed 
in marking the curves: 

67% deg. Belt running at an angle 

of 67% deg. with horizontal. 

H=Belt running horizontally. 

V=Belt running vertically. 

45 deg.—Belt running at an angle 

of 45 deg. with horizontal. 

T.-A=Tight side of belt on top. 

TB Tight side of belt below. 

Unless a curve is marked T-A, it 
is understood that the tight side of 
the belt was on the bottom. Each 
curve is labeled with the LRT 
(light-running tension). On all 
curves, the horizontal axis indicates 
the percentage of slip, and the ver- 
tical axis the horsepower trans- 
mitted. | TE 

Considering first the horizontal 
and vertical drive comparisons as 
shown in Figs. 4 and 5, the hori- 
zontal drive (using T:—the tight 
side below) transmitted more power 
than the vertical drive in every case, 
the difference depending on the side 
of the belt used and the tension. 
The superiority; of the- horizontal 
drive becomes less pronounced as the 
tension is increased. 

There is not much difference in 
capacity at slips below 2 per cent 
with a high-capacity leather belt 
such as No. 2, Fig. 4, because most 
of the slip up to this point consists 
of creep, which is due to elasticity 
and is practically the same on either 
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drive for the same load. Obviously 
any comparisons on this type of belt 
must be made at 3 per cent slip or 
more. With the lower-capacity 
belts, such as the flesh side of belt 
No. 2, creep alone persists only up 
to about 0.5 per cent slip beyond 
which point true slip commences 
and the curves separate. A good 
comparison of the two drives with 
the flesh side against the pulley may 
be made at 14% to 2 per cent slip. 

Table I gives the horsepower 
transmitted at 1.5 per cent, 2 per 
cent, and 3 per cent slip at each 
tension for each belt tested on the 
horizontal and vertical drives, in- 
cluding those made in connection 
with the angular drive tests. These 
values were picked from the horse- 
power slip curves, all of which are 
not included here. 

Most of the conclusions from this 
table will be based on the horse- 
power transmitted at 3 per cent slip. 
At the medium tension (75 Ib. LR T) 
with the grain sides of the two belts 
to the pulley, the horizontal drive 
transmitted an average of 14.6 per 
cent more power than the vertical 
drive; in the one flesh side compari- 
son the difference was 6.3 per cent. 
Since 75 lb. is slightly above the 
average tension, perhaps it would be 
well to examine the results at 50 lb. 
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Table III— Horsepower Transmitted at 3 Per Cent Slip 
on the Angular Drives 


GENERAL DATA 


CHART 
Frc. No. 


12.15 


LRT. Here the horizontal drive 
with the grain side to the pulley 
gave an average of 28 per cent more 


power, and a superiority of 16 per 


cent in the one flesh side comparison. 
After weighing these results in con- 
junction with those from several 
tests not given here, our general 
conclusion is that a leather belt for 
a vertical drive at the test center 
distance (7 ft. 6 in.) should be about 
12 per cent wider than for a cor- 
responding horizontal drive. The 
difference at other center distances 
is given in Table IT. 

The problem of the center dis- 
tance is of considerable importance 
because the transmission capacity of 
a vertical belt does not increase with 
the center distance as does that of 
a horizontal belt. 
The operation of 
a vertical belt is 
the same as a 


(Fig. 
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horizontal belt in that as the load in- 
creases, the belting material under 
tension on the tight side is worked 
over to the loose side, which reduces 
the tension on this side. However, 
the loose side of a horizontal belt 
can take care of additional length 
by sagging without much reduction 
of the loose side tension, while the 
loose side of a vertical drive must 
take care of it by shortening up an 
amount equal to the additional 
length from the tight side. 

A point is soon reached with the 
vertical belt, when any further 
shortening of the loose side would 
result in zero tension on this side, 
and further increase in load or ten- 
sion would cause the belt to fall 
away from the lower pulley. This 
is the absolute theoretical limit of 
transmission for any vertical drive. 
Practically, when the slack side 
tension is reduced to a certain value 


Figs. 4 and 5— The difference in transmitting capacity 
of horizontal and vertical belts is well shown here. 
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the belt slips badly, and this is the 
actual limit of transmission. It is 
obvious that, since the horizontal 
belt can compensate for the extra 
length by sagging on the loose side 
while the vertical belt can not, the 
horizontal belt ought to transmit 
more power. 

From the above analysis, it can be 
readily seen that the capacity of a 
vertical drive depends on its ability 
to shorten up on the loose side. If 
the center distance is doubled, then 
there will be twice as much extra 
length passing over to the loose side, 
for any given load, but there will 
also be twice as much shortening of 
the loose side, so the slack side ten- 
sion will remain the same. It fol- 
lows, therefore, that the power trans- 
mission of a vertical belt is inde 
pendent of center distance, except 
for the effect of the additional 
weight of a longer belt, which is 
practically negligible. 

As the horizontal belt capacity in- 
creases with the center distance, 
while the vertical belt capacity does 
not, there will be a greater percent- 
age difference between the power 
transmission of the two belts at long 
center distances than at short ones. 
Using the relation between the 
center distance and transmission 
capacity of a horizontal drive given 
in Fig. 9 as a guide, Table II has 
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been prepared to show approximately 
what the rated capacity difference 
of the two drives would be at other 
center distances. The right-hand 
column gives the percentage differ- 
ence based on the horizontal belt 
rating, which is greater. Although 
Table II can be used for belt design 
work, this information may be ap- 
plied more easily to actual belt prob- 
lems by using the method of design 
and the necessary charts given later 
in this article. _ 

It is apparent that the vertical 
belt is more sensitive to tension 
changes than the horizontal belt. 
The charts reproduced here as Figs. 
4 and 5 show a greater reduction in 
transmission capacity with the ver- 
tical belt as the tension is reduced. 
The gradual drop in tension of a 
factory belt would cause a similar 
drop in capacity, and probably it 
would have to be retightened more 
often than a horizontal belt to main- 
tain its rated capacity. 

Some of the tests on the angular 
drives at 6714 deg. and 45 deg. with 
the horizontal were a little confus- 
ing, because certain belts at the 100 


Figs. 6 and 7—The effect of angu- 
lar drives on transmitting capacity, 
as shown by these charts, is dis- 
cussed fully on this and the follow- 
ing page. 
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lb. LR T transmitted more power on 
the 45-deg. drive than they did on 
the horizontal drive. Later a care- 
ful check at this tension indicated 
that there is little difference in the 
transmitting characteristics of the 
two drives. At the two lower ten- 
sions the transmitting abilities rated 
in the following order in most of the 
tests: first, horizontal belt; second, 
45 deg. belt; third, 6742 deg. belt; 
and fourth, vertical belt. 

Two sets of curves, Figs. 6 and 7, 
illustrate the general characteristics 
of the angular drives. In every case, 
more power was obtained with the 
tight side of the belt below but there 
was less difference between these 
two conditions at 6714 deg. than at 
45 deg. Thus, as the vertical is 
approached, the difference becomes 
less, and reaches zero at the vertical. 
Another general characteristic which 
can be seen from these curves is 
that as the tension is increased, the 
45-deg. and 6714-deg. drives perform 
more nearly alike. This is in 
accord with a similar conclusion 
reached concerning the horizontal 
and vertical drives and it applies to 
all the drives. 

The values in Table III, which 
compares the power obtained from 
the 6714-deg. and 45-deg. drives with 
the tight side above and below, were 
taken from Figs. 6 and 7. 
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Table III can be studied more 
easily than the curves and if de- 
sired it can be compared with Table 
I on horizontal and vertical belts. 
Under average tension conditions a 
6714-deg. drive, having its tight 
side below, will transmit about 6 
per cent more power than with the 
tight side above. The difference 
will remain about the same for all 
ordinary center distances, say up to 
20 ft. On the 45-deg. drive this 
difference in transmission is about 
12 per cent for the center distance 
used, but it will increase some with 
longer center distances, probably 
about the same as with a horizontal 
drive. 

For all practical purposes the 
45-deg. drive may be rated the same 
as the horizontal drive, if the tight 
side of the belt is below, while if 
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the tight side is above, the rating 
for a 45-deg. drive should be a 
little less than for a corresponding 
horizontal drive. The 6714-deg. belt 
with the tight side below should be 
rated about halfway between the 
horizontal and vertical drives, and 
when the tight side is above, the 
rating ought to be that of a similar 
vertical drive. 

The results and conclusions from 
these experiments have been cor- 
related with the curves for belt 
design which were given in the 
previous article and are repeated 
here as Figs. 8 and 9. The follow- 
ing recommendations are made for 
the design of vertical and angular 
drives by this method. 

(1) For vertical drives, and for 
angle drives between the vertical 
and 45 deg. with the tight side 


Figs. 8 and 9—These curves are 
used in conjunction to obtain cor- 
rection factors for determining al- 
lowances, because of center dis- 
tance, pulley size and whether the 
tight or loose side of the belt is on 
top, when laying out a belting 
installation. 


In the use of these charts the fol- 
lowing precautions must be ob- 
served: (a) These charts are to be 
used only on horizontal or ate 
mately horizontal drives. D 
not use Fig. 8, at left, i the 
correction from Fig. 9, at right. 
(c) The diameter of the larger pul- 
ley should not be more than six 
times the diameter of the smaller 
one. To use these curves, with these 
three points in mind. proceed as 
follows: 

(1) Find the correction for center 
distance from one of the two cen- 
ter-distance curves, depending on 
whether the tight side is above or 
below. If the center distance is 
greater than 26 ft., use the correc- 
tion for 25 ft. 

(2) Find the correction for pulley 
size from the pulley-size curve, 
Fig. 9, using the diameter of the 
smaller of the two pulleys. If both 
pulleys are larger than 36 in. in 
diameter no correction is necessary. 
(3) Choose the curve, Fig. 8, at left, 
corresponding to the desired weight 
of belt, and take from it the horse- 
power per inch of width according 
to the belt speed used. 

(4) Multiply the result of (1), (2) 
and (3) together to get the cor- 
rected horsepower per inch of width. 
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(5) Divide (4) into the total horse- 
power to be transmitted to get the 
correct width of the belt 
As an example, suppose a 10-in. 
pulley running at 1,000 r.p.m., giv- 
ing a belt speed of 2,600 ft. per min. 3; 
is to transmit 15 hp. to a 36-in. 
pulley at a center distance of 8 ft. 
Assuming the tight side is below, 
what size of heavy single belt is re- 
quired? oe the computations 
through in the same sequence as 
indicated, the procedure is as fol- 
lows: 
(1) The correction factor for 8 ft. 
center distance with 7; (the tight 
side) below is obtained from Fig. 9 
and equals 0.87. 
(2) Correction factor for 10-in. pul- 
ley size from Fig. 9 equals 0.853. 
(3) Horsepower per in. width, from 
Fig. 8, at belt speed of 2,600 ft. per 
min. for heavy single belts=5.25. 
(4) Multiplying, 0.87 X0.835 x5.25=3.9 
horsepower. 
829 Divide 15 by 3.9 = 3.85, width of 
belt. Therefore, use a 4-in. heavy 
single belt. 
When the width of belt comes out 
an uneven size such as 3.85 in. the 
next larger size should always be 
chosen. A table of the initial ten- 
sions required for different speeds is 
given in Fig. 8. The tensions are 
given in pounds per square inch of 
cross-sectional area per strand of 
belt. The cross-sectional area is ob- 
tained by multiplying the width 
times the thickness. so a belt 4 in. 
wide and 0.2 in. thick would have a 
cross-sectional area of 4X0.2=0.8 sq. 
in. If the recommended tension is 
175 lb. per sq. in., the tension per 
strand on this belt would then be- 
come 0.8X175=140 lb. 
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above, use a correction factor of 
0.765 multiplied by the correction 
factor for pulley size from Fig. 9. 
The product of these two factors 
should then be multiplied by the 
horsepower ratings from Fig. 8 to 
obtain the corrected horsepower per 
inch of width. No correction factor 
is needed for center distance. 

(2) For angle drives with the 
tight side below between the vertical 
and 6714 deg., use the method given 
above under (1) above. 

(3) For angle drives with the 
tight side below between 671% deg. 
and 45 deg. use a constant correc- 
tion factor of 0.815 instead of 0.765 
and proceed as directed under (1). 
No correction factor for center dis- 
tance is needed as the figure 0.815 
takes its place. 

(4) For angle drives between 45 
deg. and the horizontal, with the 
tight side above or below, use the 
method of design as explained at 
length in the caption in connection 
with Figs. 8 and 9. 

Some may have doubt as to the 
accuracy of work done on belts as 
narrow as 1 in. and the reliability 
of assuming that results obtained on 
such narrow belts are applicable in 
direct proportion to the width on 
wider belts. Some time ago we 
made a careful investigation of the 
relative capacities of belts of dif- 
ferent widths and found that the 
transmission capacity varied directly 
with the width of the belt. Fur- 
thermore the author has since had 
many opportunities to check this 
law with leather and other kinds of 
belts and has always found it to be 
correct. The absorbing dyna- 
mometer and tension scale are 
smaller and more accurate than 
those on larger apparatus. There- 
fore, we are fully convinced that the 
conclusions drawn from this work 
are reliable. 
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Selecting Storage Battery 
Charging Equipment 


with a discussion of the charging requirements of 
lead and alkaline batteries, and characteristics of 
equipment best suited to industrial use 


ROM late in the nineties until 

about ten years ago the num- 

ber of electrically-driven pas- 
senger carriages in use gradually 
increased in number. Since that 
time, however, there has been a 
diminution in their use until they 
have all but disappeared. 

In the meantime the industrial 
tractor and truck have demonstrated 
their worth. From a comparatively 
small number in 1915, the number 
of trucks and tractors in use has 
steadily grown and they are estab- 
lishing new fields of usefulness in 
places where only a short time ago 
manual labor was ineffectively em- 
ployed at probably ten times the 
cost. Go into the plant of an indus- 
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Cleveland, Ohio 

trial truck manufacturer at any 
time and you will be able to see a 
new model, specially designed to 
replace hand labor and for doing 
some special work more quickly, 
more effectively, and more cheaply. 

The electric road truck, too, is 
making steady progress. Although 
its advance has not been so rapid as 
that of the industrial type, the 
electric road truck is considered 
superior to the gasoline truck for 
hauling that does not involve long 
distances at high speeds. On ac- 
count of its ease of handling, the 
electric commercial truck will often 
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Fig. 1—A single unit charger is 
used continuously at this plant. 


This Mercury tractor is provided 
with two batteries, one of which is 
on charge while the other is in use. 
This permits 24-hr. operation of the 
tractor. Note the convenient cas- 
ter-mounted table for receiving the 
Edison battery as it is pulled out 
of the tractor and for holding it 
during the charging process. The 
interior of the control panel is 
shown in Fig. 8 and the connection 
scheme for it is shown in Fig. 9. 
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accomplish much more work in a 
given time. 

During the period when the pleas- 
ure car was the principal user of 
charging current the matter of 
battery charging was on a much less 
scientific basis than it is today. The 
car was generally charged either at 
home or in one of the many public 
garages. If charged at home, the 
owner put the plug into the recep- 
tacle on the car, closed the switch 
and permitted the unit to take care 
of itself. The charging rate gen- 
erally dropped to a point so low that 
if it remained connected beyond the 
proper point of battery charge, the 
cells were not injured nor did the 
owner inquire about the extra 
energy consumed. As a rule the 
time available for charging was 
more than ample, so that the rate 
from start to finish could be low. 
Usually the battery could be charged 
for 12 hr. The car that was run 
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late in the evening was generally not 
wanted until noon and the one that 
had to go out early in the morning 
had not been used late the evening 
before. If the car was charged in 
a public garage, the same condi- 
tions held except in those places 
where an attendant made the rounds 
periodically, taking gravity read- 
ings and readjusting the ballast 
resistance. If the car was not 
properly charged it was considered 
simply as an unavoidable accident 
which was to be expected. 

With the coming of the industrial 
truck and the passing of the electric 
pleasure car, conditions are some- 
what different and the need of re- 
liable charging apparatus and 
methods has become more impera- 
tive. A truck held out of service 
unexpectedly may disturb the output 
of an entire factory and it is essen- 
tial that every effort be made to 
avoid any tie-up in truck operation. 

The thing that gives life to the 
truck is the battery, and the battery 
in turn depends for its life upon 
the charging equipment. Both 
alkaline and lead batteries, each of 
which has its advantages, are being 
used in increasing numbers. The 
two types must, however, receive 
considerably different treatment in 
charging. To get the best results, 
the alkaline type must be charged 
at an ampere rate about the same 
as its average working discharge 
rate. The lead battery, on the other 
hand, demands a charging rate that 


Fig. 4—Dual unit charger for use 
on industrial trucks. 


This is an installation of Hertner 
charging equipment in the plant of 
the Whiting Corporation at Harvey, 
Ill. It is capable of charging two 
sets of 12-cell, 21-plate batteries 
simultaneously and is shown charg- 
ing an Exide Ironclad battery in a 
Baker R & L lift truck. Notice the 
Sangamo ampere-hour meter mount- 
ed on the front of the truck so as 
to give the driver an indication of 
the condition of the charge in his 
battery. 
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Figs. 2 and 3—Performance of 
charging equipment for lead bat 
tery service. | 


In Fig. 2 are shown the charging 
current curve and ampere-hour 
curve for a single-unit charger. Fig. 
3 shows the curves for a dual-unit 
charger. B and B-1 are the charg- 
ing current and ampere-hour curves, 
respectively, when the unit is charg- 
ing two batteries simultaneously. 
A and A-1 are the performance 
curves after one battery has been 
cut out, 


is quite low at the finish, but which 
may be extremely high at the start. 
This rate is sometimes defined by 
the statement that “the rate in am- 
peres at any stage of the charge 
may be as high as the ampere-hours 
still remaining to be put into the 
battery.” Hence, since the rating 
of a battery is generally given as a 
certain ampere rate over a period 
of from four to six hours the start- 
ing rate of charge may be from 
four to six times the normal dis- 
charge rate. 

At first glance, it would appear 
that for charging a lead battery a 
constant-potential source would be 
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preferable, because during’ the 
charging process there is a rise in 
battery potential, dependent on the 
charging rate and other factors, 
which may be roughly set at 15 per 
cent and which on a constant- 
potential source will aid in reducing 
the ampere rate as the battery be- 
comes charged. This is just what 
a lead battery should have, but it is 
not suited for alkaline batteries 
which, as above stated, should have 
a uniform charging rate and, there- 
fore, a constant-current source of 
charging energy. 

Under these conditions several 
systems of charging have sprung up 
in an attempt to make existing 
constant-potential sources of cur- 
rent fit the needs of the battery. 

Street trucks were largely stand- 
ardized to fit 110-völt service with 
about 40 cells of lead battery or 60 
cells of alkaline battery so that 
only a small amount of the energy 
used in charging would be wasted 
in the ballast resistance. When the 
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industrial truck and tractor were 
introduced these standards were not 
followed, for lower voltages were 
adopted. This may be traced to a 
number of causes. 

First, one of the earliest applica- 
tions of industrial trucks was for 
the moving of baggage in railway 
stations. Here batteries which are 
standardized at 24 volts on discharge 
are also used in car lighting and 
it was convenient to use the same 
charging facilities for both types of 
batteries. 

Second, with the smaller watt- 
hour capacity required in the indus- 
trial truck it was found advan- 


tageous to use fewer cells, rather. 


than to retain the same number of 
cells and use a smaller size. With 
the same watt-hour capacity the 
larger cells occupy less room; and 
space is at a premium in industrial 
vehicles. As an illustration compare 
40 cells of 7-plate Exide Ironclad 
battery with 20 cells of 18-plate 
Exide Ironclad battery. Both bat- 
teries are rated the same in watt- 
hours, being 7,560 on a 414-hr. basis, 
and can consequently do the same 
work. As to the space occupied, 
however, the 7-plate battery occupies 
approximately 14 per cent more 
space than the 13-plate unit, weighs 
11 per cent more, and costs more. 
Similarly with the Edison battery, 
comparing 40 cells of the size A-4 
with 20 cells of the A-8 size each 
has a capacity of 7,200 watt-hours 
on a 5-hr. basis, but the 40 cells of 
A-4 can be put into four standard 
crates of 10 each while the 20 cells 
of A-8 can be put into four standard 
crates of 5 each. These crates will 
be about 12 per cent shorter than 


the A-4 crates, but of the same width 


and height. The A-8 battery weighs 
somewhat less and also costs less. 
Aside from this, there is a decided 
advantage in the use of the lower 
voltage in that there is less electrical 


Figs. 5 and 6—Different character- 
istics are required of the charging 
equipment for alkaline batteries. 


Fig. 5 shows the characteristics of 
a single-unit n While n 
is for a dual-unit charger. e 
dotted curves in 8 6 show the re- 
sult of setting the fleld regulator to 
charge simultaneously two batteries 
of unequal capacity and requiring 
different charging rates. 


leakage which, particularly in the 
case of some of the older assemblies 
of lead batteries, was often quite 
troublesome. Offsetting this, how- 
ever, with the lower voltage there 
is the necessity of using heavier 
wiring in order to avoid excessive 
copper losses, for with the voltage 
cut in two the current is doubled so 
that the resistance of the wiring 
must be quartered, which means that 
the copper cross-section must be 
increased fourfold. In addition, this 
lower voltage requires larger com- 
mutator surface and the size of the 
controller fingers must be increased, 
both of which add to the expense. 
Apparently, however, these disad- 
vantages are more than balanced by 
the advantages. 

No definite standard voltage for 
industrial truck use has been 
adopted to date and the possibility 
of such standardization seems re- 
mote. Where the service is fairly 
light and where more speed is re- 
quired it is an easy step to substi- 
tute 15 smaller cells for 12 cells of 
a certain size, thereby giving the 
vehicle the required speed, and 
although this cuts down the mileage 
per charge, yet it increases the daily 
radius because of the decreased run- 
ning time per trip. This, of course, 
changes the charging conditions. 

As matters stand today most in- 
dustrial trucks operate on from 6 
cells of lead-type battery or 12 cells 
of Edison alkaline battery as a 
minimum, to 24 cells lead or 42 cells 
Edison as a maximum, with any one 
of a number of intermediate points. 

Under such conditions charging 


from 110-volt direct-current power 
is extremely inefficient, unless the 


cost of power need not be seriously 


considered. If for example, 12 cells 
of 15-plate Exide Ironclad battery 
are to be charged the actual energy 
required to fill them would be about 
7,000 watt-hours which, at a cost 
of five cents per kw-hr. would cost 
35 cents. However, the energy 
wasted in the ballast rheostat is 
approximately three times as great 
and would cost approximately 95 
cents, which is quite an item. If, 
on the other hand, the power cost is 
only one cent per kw.-hr. the cost 
of the useful energy put into the 
battery is seven cents, while the 
energy lost in the ballast resistance 
is reduced to 21 cents. Were the 
line service 220 volts the losses would 
be more than double, totalling $2.20, 
approximately. 

Further, when thus charging 
through a fixed resistance, the cur- 
rent would be of almost constant 
value. This is apparent since the 
current would be determined by the 
difference between line and battery 
voltage, and on a 110-volt line and a 
12-cell battery this would be approxi- 
mately 110— (2.15X12)=84 volts at 
the start and 110— (2.64012) 279 
volts at the end of the charge, or a 
total drop of only 8 per cent. ; 

In order, then, to charge a lead 
battery within a reasonable time, 
keeping the finish rate within safe 
limits, it is necessary to vary the 
resistance either manually or by 
some automatic means. The time- 
honored rule, which was generally 
found engraved on the nameplate of 
the battery, was to charge at a rate 
which, if held continuously, would 
completely charge it in about 5 hr. 
until active gassing began, when this 
charging rate was reduced to about 
one-third of the former rate. 

This is automatically accomplished 
through the use of an ampere-hour 
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meter furnished with an extra gas- 
sing contact which operates a 
breaker so as to increase the resist- 
ance in the circuit when the charge 
reaches the proper stage and thereby 
cuts the current to the correct finish- 
ing rate. When the battery is 
charged it is generally disconnected 
by the opening of a second breaker 
operated by a corresponding contact 
on the meter. 

This is, of course, only approxi- 
mately correct. For a proper charge, 
in order to fill the battery as quickly 
as possible with least amount of 
gassing and heat, the charging rate 
should fall from the start until the 
finishing rate is attained. Rapid 
gassing indicates a loss of energy, 
for the gas given off is the result of 
the decomposition of the water of 
the electrolyte, instead of having the 
current absorbed in altering the 
chemical condition of the plates. 
Incidentally, rapid gassing has the 
effect of loosening the active ma- 
terial and shortening the life of the 
plates. 

For charging the Edison battery, 
a direct-current source requiring a 
large voltage drop in the ballast 
resistance is admirably suited. For 
example, with 21 cells of Edison 
battery to be charged from a 110- 
volt line, the initial voltage of the 
battery would be about 33 volts and 
the final voltage would be 38 volts, 
with a current drop from start to 
finish of only about 8 per cent. This, 
however, does not alter the fact that 
such charging is extremely wasteful 
of electrical energy and the loss is 
serious where the cost of power is at 
all high. 

In all cases where alternating 
current only is available it is neces- 
sary to use a transforming device. 
A very dependable type of such 
device for batteries of the size under 
consideration is the motor-generator 
unit. All power lines are subject 
to disturbance and in the case of 
alternating-current service there are 
possible variations both of voltage 
and frequency, and the character- 
istics of a motor-generator set are 
such as to transmit to the least ex- 


Fig. 7—It is now standard practice 
to mount an ampere-hour meter on 
each industrial truck. 


This meter shows the amount of 
charge remaining in the battery, 
also, while the battery is on charge, 
it shows the amount of charging 
yet required and automatically 
shuts down the charging equipment 
when the battery is fully charged. 
This illustration shows a Sangamo 
ampere-hour meter mounted on a 
Mercury tractor. 
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tent any such disturbances that may 
occur; hence the direct-current out- 
put is less affected than if a rotary 
converter or other device were used. 


The manufacturers of both the 


lead and the alkaline types of bat- 
teries recommend the use of the 
so-called constant- potential and 
modified, constant-potential systems 
for charging. In the case of charg- 
ing lead batteries, the generator 
potential is maintained at 2.3 to 2.4 
volts per cell and the battery is 
thrown onto the line without ballast 
resistance. The initial current is 
high and some care must be exer- 
cised to meet the needs of the room 
temperature, and consequently that 
of the battery. Individual batteries 
also show differences in finish volt- 
age due to differences in age, den- 
sity of electrolyte, type of plate, and 
other similar conditions. 

With the alkaline battery there is 
no real equivalent to the above, be- 
cause a ballast resistance must 
always be used where constant line 
potential is applied. It might be 
added here that when a lead battery 
has been allowed to sulphate, it is 
necessary to use a higher voltage to 
break down the resistance of the 
plates and 2.4 volts per cell is not 
a sufficiently high voltage for this 
duty. This, along with the facts 
already mentioned, makes the modi- 
fied, constant-potential system more 
desirable. , 

With the modified, constant-poten- 
tial system a ballast resistance is 
used, the amount of which is de- 
pendent on the number of cells in 
series, the size of the cell, and the 
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time available for charging. These 
items also determine the line volt- 
age to be applied. From the con- 
stant-potential system on one ex- 
treme, with no ballast and a short 
charging time, it is possible to go 
to an extremely high line voltage 
with a large ballast resistance, a low 
charging rate, and long time of 
charging. A modified, constant- 
potential system provides a means 
of selecting such a charging time as 
is available and satisfactory, and 
choosing the proper line voltage and 
ballast resistance. 

Under average conditions a charg- 
ing voltage of 2.6 volts per cell is 
quite satisfactory for any lead bat- 
tery and the manufacturers have 
worked out a table of ballast re- 
sistance values to be used to obtain 
the proper finishing rate for various 
types and sizes of cells. 

With the alkaline battery, as was 
stated, there is no real constant- 
potential charging, for ballast re- 
sistance must always be used. One 
plan recommended by the Edison 
Storage Battery Company is to use 
a variable resistance that is hand 
operated, being adjusted from time 
to time so as to keep the current 
rate substantially constant. 

Using the modified, constant- 
potential system the Edison Storage 
Battery Company recommends start- 
ing the charge at about 166 per cent 
of normal and finishing at about 66 
per cent of normal, making the start- 
ing current about 2% times the fin- 
ishing current. It must be remem- 
bered, however, that this same ratio 
is not to be followed regardless of 
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absolute values. In other words, the 
battery should not be charged at a 
rate beginning with, say, the normal 
discharge rate and finishing at 40 
per cent of this rate, as such a finish 
is too low for the best performance. 

The Edison battery when fully 
charged requires a charging poten- 
tial of about 1.84 volts per cell. The 
recommendation of the manufacturer 
is to insert an amount of ballast 
resistance per cell, dependent on the 
size of the cell, which will give a 
drop of 0.10 volt per cell or a total 
charging voltage per cell of 1.94 
volts with 66 per cent of the normal 
current flowing. Hence, with 21 cells 
in a battery, the line voltage for 
charging should be about 41 volts. 

With either type of battery and 
under practically all conditions it 
will be found that unless feeder, 
switch, and other resistance drops 
are in some way recognized, the cur- 
rent will always be less than sup- 
posed. ` 

There are many places where 
direct current is not available; also, 
it is usually wasteful to use it 
because in most cases the number 
of cells under charge is so small 
that the charging voltage uses only 
a small part of.the potential avail- 
able and the larger part of the 
energy is lost. Hence, it becomes 
more and more apparent that a 
motor-generator set or, in the case 
of direct-current service, a dyna- 
motor, affords an economical method 
of converting the service to the 
proper charging voltage. 

Equipment large enough to carry 
all the batteries to be charged at 
one time should be provided. The 
equipment should be arranged 80 
that each battery will have a ballast 
resistance, a circuit breaker and, if 
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the charging is to be automatic, an 
ampere-hour meter or its equivalent. 
In addition to this, it is customary 
to add a voltmeter and ammeter so 
arranged that all necessary readings 
may be made on each battery as the 
charge progresses, as well as an 
additional ammeter to read the total 
current delivered by the generator. 
Circuit breakers with the usual fea- 
tures of overload protection are 
usually provided, and the motor is 
started through a compensator with 
overload and no-voltage release. 
When it is desired to make the 
charging system automatic, an am- 
pere-hour meter affords a very 
reliable means of terminating the 
charge. In this connection, the cir- 
cuit breaker should be provided with 
a shunt-trip attachment having 
auxiliary contacts to open the trip- 
ping circuit and thus avoid arcing 
in the ampere-hour meter contacts. 
It is best to have each truck equip- 
ped with an ampere-hour meter, for 
with this arrangement the meter 
shows while on discharge how much 
energy has been taken out and per- 
mits the operator to judge about 
how much is still remaining. When 
the battery is again put on charge 
the current will cause the hand of 
the meter to gradually swing back 
to zero, which is the full position. 
On arriving at this point a contact 
is made which trips the circuit 
breaker and thereby stops the charg- 
ing operation. The meter is so 
arranged internally that more energy 
is required to bring the hand back 
to zero or the charged position than 
it took to bring it to the point of 
discharge; in this way it takes care 
of the fact that more energy must 
be put into a battery than can be 
gotten out of it. An installation of 
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Figs. 8 and 9—Automatic control 
panel for a single unit charger. 
Fig. 8 shows the interior of the 
anel illustrated in Fig. 1, while 
ig. 9 shows the connection dia- 
gram when looking at the panel 
from the front. The three large 
contactors in the center are operated 
from the handle on the outside of 
cabinet. The right-hand contactor A 
in Fig. 9 connects the battery to the 
generator and starts the motor-gen- 
erator set. The two left-hand con- 
tactors are then closed, thereby con- 
necting the motor to the line after 
which, charging of the battery be- 
gins. The rheostat at the top reg- 
ulates the generator field current, 
which in turn controls the charg- 
ing current. Two relays are shown 
at the bottom of the panel, the one 
on the right is an overload relay, 
while the one on the left operates 
in conjunction with the trip circuit 
oe the ampere-hour meter on the 
ruck. 


a Sangamo ampere-hour meter on an 
industrial truck is shown in Figs. 
4 and 7. 

Charging equipment can be ob- 
tained for charging each battery 
separately, or the equipment can be 
arranged with multiple circuits for 
charging more than one battery at 
a time. Several advantages and 
disadvantages are incidental to the 
use of a multiple-circuit plant. <A 
unit of this kind is compact and is 
usually somewhat cheaper in first 
cost than if a number of smaller, 
single-circuit sets were used. On 
the other hand, such a unit is gen- 
erally only partly loaded so that its 
efficiency is not at its best. It dis- 
sipates considerable power in ballast 
resistance, which again means loss 
and inefficiency. It is generally 
more expensive to install on account 
of the more intricate switchboard 
and wiring, and in addition it pro- 
vides no safety factor; that is, if the 
unit is out of commission the charg- 
ing current must be secured else- 
where, if the trucking and hauling 
service is to be continued. 

By dividing the charging capacity 
required into smaller units, each 
capable of serving one or two bat- 
teries at a time, some very decided 
advantages can be obtained. These 
small units will run on a fairly good 
load factor, use no ballast resist- 
ance and are thus more efficient 
electrically. They make a more 
flexible unit in that if a part of the 
trucking equipment is to be used at 
a distant part of the plant it is 
possible and generally advisable to 
move the necessary capacity of 
charging equipment to a point con- 
venient to the temporary location of 
the trucks. There is likewise no 
possibility of the trucking service 
being suspended, for one unit down 
out of a number will not seriously 
cripple the charging service. 
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It might be added that with a 
number of smaller units, repairs will 
be made more promptly and more 
thoroughly, for this will remove the 
temptation of permitting the equip- 
ment to run on a temporary repair. 

As against the installation of a 
single charging unit on the one hand 
and the use of small units on the 
other, there is the possibility of hav- 
ing two units both of which can be 
thrown in parallel, using a common 
switchboard and one set of buses. 
This obviates the danger of com- 
plete breakdown, but does not ma- 
terially improve the efficiency for it 
does not eliminate the need of ballast 
resistors, nor does it improve the 
flexibility of the system, as the two 
units cannot well be separated. 

The third alternative already re- 
ferred to, is to install either dual or 
single plants so that at most only 
two batteries can be charged at one 
time from any one of them. Such 
machines can be arranged to be 
started from the battery and by 
means of a Sangamo ampere-hour 
meter or other device will shut down 
automatically when the battery is 
fully charged. Such units have the 
further advantage of being designed 
to take care of the particular type 
of battery, whether lead or alkaline, 
for which they are intended. A sin- 
gle unit charger in use on an Edison 
battery is shown in Fig. 1. A dual 
unit charger is shown charging an 
Exide lead battery in Fig. 4. 

In Fig. 2 are shown the perform- 
ance curves of a single unit charger 
for a lead battery. Note that the 
charge starts at a fairly rapid rate 
and tapers as it proceeds, to a safe 
finish. The time of charging is based 
on an 8-hr. period. 

Fig. 8 shows the performance 
curves of a dual charger for lead 
batteries. Here B and B-1 are the 
ampere and ampere-hour curves, 
respectively, with two batteries on 
charge. Should one battery become 
charged ahead of the other, which 
often happens because of only par- 
tial discharge, this battery is auto- 
matically disconnected and the plant 
readjusts its current to the rate 
required for the remaining battery, 
as shown in curves A and 4-1. A 
view of the charger just described 
is shown in Fig. 4. 

In Fig. 5 are shown the perform- 
ance curves of a single-circuit unit 
designed for charging Edison bat- 
teries. Note the uniformity of the 
current. after the first 2-hr. period. 
The initial drop is due to the warm- 
ing up of the generator; after this 
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is accomplished the current output 
will remain constant indefinitely. 
This type of charger is illustrated in 
Fig. 1. The control panel and wir- 
ing connections are shown in Figs. 
8 and 9. 

Fig. 6 shows the performance of 
a dual plant for charging Edison 
batteries. The curves that are num- 
bered 1 are of amperes and ampere- 
hours with two batteries in circuit. 
The completion of the charge to 


either battery and its automatic dis- 


connection, drops the charging rate 
for the remaining battery to curve 2. 
The dotted-line curves indicate the 
result of setting the field regulator 
to accommodate the charging of two 
batteries of unequal capacity, such 
as an A-4 and an A-8 battery. 

The entire capacity of the unit can 
be used to boost a single battery at 
the full plant capacity, if desired. 

Automatic features can be pro- 
vided to suit conditions. As a rule 
automatic cutting off of each battery 
when filled is called for, as well as 
shutting down of the plant as soon 
as charging is finished. Besides this, 
overload protection is generally de- 
manded. As these units are started 
from the storage battery that is 
about to be charged no compensator 
is required and no line disturbance 
is created at the time of starting. 
This type of control and the connec- 
tion scheme for it is illustrated in 
Figs. 8 and 9. 

As to protection of the outfit in 
cases of line failure, there are 
several means of taking care of such 
an emergency. If the failure is of 
short duration it is generally ad- 
visable to permit the unit to float on 
the battery. This is, of course, im- 
possible in the case of a large, mul- 
ti-pole generator where the no-load 
current necessary to keep running is 
a serious drain on the battery and 
where the flat compound winding of 
the generator is likely to cause re- 
versal of polarity and a consequent 
runaway of the machine. On a small 
unit this plan is very successful. 

A second plan is to open the 
direct-current circuit by means of a 
reclosing breaker allowing the gen- 
erator to come to rest. On resump- 
tion of service the motor will start, 
which on a small unit can be safely 
done without a starter. 

A third plan involves the operation 
of automatically restarting the mo- 
tor of a unit which has completely 
disconnected itself on line failure. 
After automatically restarting, the 
direct-current circuit closes as soon 
as the generator voltage is correct. 
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Electric Heat for 
Industrial Use 


(Continued from page 159) 
lining stands up well under the com- 
paratively moderate temperatures to 
which this material is exposed. The 
electric furnace shown in Fig. 7 
was installed in August, 1919, and 
has been in operation continually at 
temperatures from 1,400 deg. to 
1,650 deg. F. since that date. The 
service is the heat treatment of steel 
in a tool and die shop. The original 
resistors are still in use and the 
maintenance cost of this furnace has 
been negligible, consisting mainly of 
an occasional renewal of the brick 
hearth which gradually wears out 
due to the sliding of charges of ma- 
terial on its surface. Metal hearths 
—a nickel-chromium alloy—are now 
generally used in furnace construc- 
tion in place of the brick hearth. 

The cost of the services of oper- 
ators for plants using electric heat 
are always favorable. Good working 
conditions are desirable. Surround- 
ings which promote the well being 
of the workmen are recognized as 
an economy in their promotion of 
both efficiency and contentment. The 
cleanliness of the heat process can 
be readily seen from Fig. 2. The 
confirming comments of operators 
on these points as regards electric 
heat are of interest and ‘well worth 
considering. 

The testimony of many users of 
electric current for heat treatment 
processes is that because of the uni- 
formity of this method of heating 
there are but few defective pieces 
in the output of the heat treating 
plant and that this alone often 
justifies the choice of the electrical 
method of heating. A rejected part 
represents a loss of labor often a 
loss of material and a loss of service 
or profit from the sale of the part. 
As an incidental factor it is found 
that this uniformity of output ma- 
terially reduces the time and cost of 
inspection. 

The quality of the work produced 
in a heating chamber depends upon 
the quality of the -harge of ma- 
terial, the skill of the operator and 
upon even heating and close control 
of the temperature of the work. As- 
suming the first and providing the 
last named heating chamber condi- 
tions, the entire attention of the 
operator can be given to the object 
of his efforts and both rate of pro- 
duction and quality of product are 
benefitted thereby. 
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Changing Right-Hand Coil 
Windings to Left-Hand 


together with details of windings made by machine 
and by hand, and ways to correct reversed direction 
of rotation and other difficulties 


By A. C. ROE 
Renewal Parts Engineering Dept. Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 
D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


ITHOUT considerable ex- 
W perience in rewinding small 
motors, it is not always 
clear just what happens when a 
right-hand coil winding is changed 
to a left-hand coil winding, in the 
case of direct- current and universal- 
type motors used in small drills, 
vacuum cleaners and the like. In 
what follows the essential details of 
these windings will be explained, 
with the conditions that result.in 
changes in the direction of rotation. 
The effects of reversed rotation on 
the fields of straight series machines 
and on the fields of universal motors 
with a non-compensating winding 
and with a compensating winding 
will also be explained, with instruc- 
tions on how to correct the armature 
or field circuit so as to secure normal 
operation. 
Before going into winding details, 
a definition of a “right-” and left-“ 
hand coil will be given. Consider an 
armature lying on a flat surface 
represented by the line XX in Fig. 
1A, with the commutator end of the 
armature facing the observer and 


the coil above the shaft or above the 


line YY. Then if the starting and 
bottom leads for a loop winding or 
the finishing lead of windings having 
the wire cut at the end of each coil 
are on the right-hand side of the ob- 
server, the coil is “right-hand.” If 
the leads as ahove are on the left- 
hand side of the observer, the coil is 
“left-hand.” The winding shown in 
Fig. 1A has right-hand coils, while 
the winding in Fig. 2A has left-hand 
coils. 

All loop windings put on with the 


Chapman winding machines have 
right-hand coils, and wind the coils 
across the core ends on the inside 
of the left-hand side of the shaft. 

In Fig. 3A an armature is shown 
clamped in the winding jaws of a 
Chapman winding machine ready to 
start the first coil. It will be 
noticed that the armature is turned 
so that the commutator end is toward 
the operator, and that the starting 
lead is brought across the core end 
to the upper slot. In Fig. 3B the 
first coil is shown wound on the left- 
hand side of the shaft. Note where 
and how the starting lead is brought 
out from the first coil. By turning 
Fig. 3B clockwise 90 deg. we will 
have a perfect illustration of the 
definition given above for a right- 
hand coil. 

In Fig. 30 the wire has been 


pulled up and looped over the snub- 


bing pin ready to start the second 
coil. Note that in Fig. 30 the arma- 
ture has been rotated counter-clock- 
wise to bring the slots for the second 
coil into proper position. The finish 


of the second coil is shown in Fig 


3D with the leads removed from the 
snubbing pin. This is the condition 
of the winding shown in the sketches 
of Figs. 14 and 1B. In Fig. 1A the 
two coils in place have the four leads 
marked S., Fi, S:, and Fi. When the 
coils are laid out flat and the leads 


brought over to the commutator bars, 


as in Fig. 1B, this shows them to be 
“right-hand.” The full-line arrows 
in Figs. 1 and 2 indicate the direc- 
tion of rotation of the winding ma- 
chine, while the dotted-line arrow 
shows tke direction the armature is 
rotated in the holder to wind each 
consecutive coil in its proper order 
and position. 

In Fig. 4 a 12-slot, 12-coil, and 12- 
bar loop winding is shown with the 
brushes on the center line of the 
neutral region. Right-hand coils are 


177 


TO TELL when right-hand 
or left-hand coils are used, 
face the commutator end of 
the armature and inspect the 
coils above the shaft. If the 
starting and bottom leads of 
a loop winding, or the finish- 
ing leads of those windings 
having the wire cut at the 
end of each coil, are at your 
right, then the coil is right- 
hand. If the leads as above 
mentioned are at your left, 
the coil is left-hand. Right- 
hand coils are shown in Fig 
1A and left-hand coils in 
Fig. 2A. 


wound as shown in Figs. 1 to 3D and 
the leads brought out straight. 

In this diagram, Fig. 4, the direc- 
tion of current flow in the slots is 
shown by the arrows. The coils 
marked (*) are short-circuited by 
the brushes; hence no current flow 
is shown. In slots 8, 9, 10, 11, 12 
and 1 the arrows point away from 
the center; while in slots 2, 8, 4, 5, 6 
and 7 the arrows point towards the 
center. 

With most home-made winding 
stands and all stands constructed to 
hold the armature by clamping the 
shaft and rotated by the left hand, 
the coils are wound across the out- 
side or right-hand side of the shaft, 
as shown in Fig. 2A. That diagram 
also shows where and how the start- 
ing and finishing leads are located. 

By turning the sketch of Fig. 2A 
so that the armature rests on the 
line XX, Fig. 2B shows the leads on 
the left-hand side; hence the coils 
are “left-hand.” In Fig. 2C the 
armature has been rotated counter- 
clockwise 180 deg., bringing the coils 
on the inside of the shaft and the 
leads down or to the left, as shown 
in Fig. 2D. From Figs. 2A, B, C, 
and D it is obvious that by changing 
the winding from inside the shaft 
to outside the shaft, or vice versa, 
and with the starting and finishing 
leads both brought out together, 
that is, straight out, the coils are 
changed from “right-hand” to “left- 
hand” or vice versa. 

With lap windings in which the 
leads are brought out in slots one 
coil pitch apart and the bottom and 
top leads brought over to commu- 
tator bars on the center line of the 
coil, changing from “right-hand” to 
“left-hand” coils or vice versa will 
not affect the direction of rotation 
as will be shown later. On the other 
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hand in lap windings with the leads 
brought out straight, as in Figs. 1 
to 4, changing from one side to the 
other of the shaft or changing from 
“right-” to “left-hand” coils or vice 
versa does reverse the direction of 
rotation, as will be seen by compar- 
ing Figs. 4 and 5. Fig. 5 is the 
same as Fig. 4 except that the coils 
are left-hand and the lead throw is 
to the left. In Fig. 4 the coils are 
right-hand and the lead throw is to 
the right. N 

The slots and bars in Fig. 5 are 
marked the same as in Fig. 4 and 
the brush polarity is the same. By 
comparing the direction of current 
flow in the slots of Fig. 5, we find 
that in slots 1, 2, 8, 4, 5, and 6 the 
arrows point away from the center 
and in slots 7, 8, 9, 10, 11, and 12 
the arrows point towards the center. 
This is just the opposite to Fig. 4, 
which with the same polarity of the 
field coils would result in the arma- 
ture running in the opposite direc- 
tion. The above shows that chang- 
ing from left- to right-hand coils or 
vice versa, with the leads connected 
straight out, will result in reversed 
armature rotation. 

Next, consider the case of lap 
windings, hand or machine wound, 
with the leads on the center line of 
the coil. A study of Figs. 6 and 7, 
which show right-hand and left-hand 
coil windings, will prove that chang- 
ing from right- to left-hand coils or 
vice versa does not affect the direc- 
tion of rotation. First consider Fig. 
6. In slots 2, 8, 4, 5, 6, 7 the arrows 
point out and in slots 8, 9, 10, 11, 12, 
and 1 the arrows point in. Next 
refer to Fig. 7, which has left-hand 
coils. In slots 1, 2, 8, 4, 5, and 6 tne 
arrows point out and in slots 7, 8, 9, 
10, 11, and 12 they point in. The 
only change is in slots 1 and 7 which 
are not in an active field; hence the 
direction of rotation is not affected. 

The next step is to consider the 
effect of reversed rotation on the 
fields. In the small straight, direct- 
current, series-type, two-pole motors, 
we have two methods of connecting 
the field coils and armature in series 
with the line. One method is to 
connect one field coil lead to the line 
and the other lead to the brush. 
This puts the armature between the 


Fig. 1—This is a standard, ma- 
chine-wound, loop ding on the 
left-hand side of the shaft, result- 
ing in right-hand coils. This 
winding is shown again in Fig. 3D. 
Fig. 2—Machine winding on right- 
hand side of shaft, resulting in 
left-hand coils. 
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two coils, as shown in Fig. 8A. The 
advantage of this method is that 
flexible two-conductor cable for line 
leads can be connected to the field 
on the opposite side to the brush- 
holders. 

The second method is to make a 
permanent connection between the 
two field coils before they are as- 
sembled in the frame. One line lead 
connects to one end of the field; the 
other field lead connects to one 
brush-holder, and the other line lead 
connects to the remaining brush- 
holder as in Fig. 9A. The advan- 
tage of this is that when a switch 
is incorporated in the motor for 
starting and stopping, the lead a 
from the brush can be permanently 
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connected to one side of the switch 
and one leg of the line lead or port- 
able cord connected to the other side 
of the switch. 

In Fig. 8A the conditions are nor- 
mal and the arrangement of the 
coils, armature connections, and cur- 
rent flow will be considered standard 
for clockwise armature rotation, 
which is indicated by the curved 
arrow. The arrow inside the arma- 
ture circle indicates the direction 
of current flow from brush to brush, 
but it does not indicate the direction 
of current flow in the armature 
conductors under each pole. 

In Fig. 8B we have the condition 
that exists when the coils are 
changed from right- to left-hand or 


FIG. 1 


FIG. 2 
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vice versa, with leads brought out 
straight. The current flow through 
the fields is the same; also the polar- 
ity of the brushes remains the same, 
but the current flow in the armature 
conductors under the poles has been 
reversed, as was shown in Figs. 4 
and 5. This results in the rotation 
being reversed, as indicated by the 
curved arrow in Fig. 8B. 

With a straight series motor if the 
reversed rotation can be used, no 
changes need be made in the field 


circuit. But if it is necessary to 
return the rotation back to normal, 
it can be done by interchanging the 
field coil leads connected to the 
brush-holders, as shown in Fig. 8C. 


Fig. 4—Lap winding with right- 
hand coils and leads brought out 
straight at the right. Brushes are 
on the center line of the neutral 
region. 

Fig. 5—Lap winding with left-hand 
coils and leads brought out straight 
at the left. Brushes are on the 
center line of the neutral region. 
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Fig. 3—Four stages in making loop 
winding with right-hand coils on 
Chapman winding machine. 


A, armature clamped in jaws of 
machine, ready to start the first coil. 
B shows the first coil of the winding 
in place. Note how the starting 
lead is brought out. In C the wire 
has been pulled up and looped over 
the snubbing N ready to start the 
second coil. shows the finish of 
the second coil and a loop formed 
by the finish (Fi) of coil 1 and the 
start (S:) of the second coil. 


This changes the brush polarity and 
reverses the current flow through the 
armature, which changes the current 
flow in the armature conductors 
under the poles back to normal, and 
the rotation will be corrected. 

The above method is the simplest 
for this type of motor, as in most 
cases the leads are attached to the 
brush-holders by spring clips or 
screws; hence it is not necessary to 
unsolder and resolder any joints. 
The mechanical arrangement of the 
leads and the space for them will 
depend upon the make of the motor. 

The second method of making 
permanent connections between two 
field coils is shown in Fig. 9A which 
indicates conditions for normal 
operation. Fig. 9B indicates the 
conditions when the current flow in 
the armature conductors under the 
poles has been reversed by changing 
the armature winding from right- 
to left-hand coils or vice versa, with 
the leads brought out straight. 

If the motor can be used with the 
changed rotation, it will not be 
necessary to make any changes 
either in the armature or field cir- 
cuit. But, if the rotation must be 
changed to normal, the armature 
leads will have to be interchanged 
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Fig. 6— Lap winding with right - 
hand coils and leads on the center 
line of coils. Brushes are on the 
center line of the poles. 

Fig. 7—Lap winding with left - 
hand coils and leads on the center 
line of the coils. Brushes are on 
the center line of the poles. 


as shown in Fig. 90. This will 
change the brush polarity and return 
conditions to normal. 

We now come to the compensated 
type of universal series motors. The 
usual procedure in these motors is 
to connect the compensating winding 
on one side of the armature and the 
main field on the other side, as 
shown in Fig. 104, which also indi- 
cates normal running conditions. 
Now with armatures in which the 
coil leads are brought straight out, 


INDUSTRIAL ENGINEER 


if the coils are changed from right- 
to left-hand coils or vice versa the 
armature rotation will be reversed, 
as explained for Figs. 4 and 5. This 
condition is shown in Fig. 10B. In 
this case the motor will not operate 
without sparking and heating and 
will not deliver its rated horsepower 
unless either the polarity of the 
compensating winding is changed or 
the polarity of the brushes reversed. 

The reason for this is that the 
compensating winding acts against 
the armature reaction and it must 
have a fixed polarity with reference 
to the main field polarity and arma- 
ture rotation. When the rotation is 
reversed the polarity of the com- 
pensating field must also be reversed, 
or if the current flow in the arma- 
ture conductors under the poles is 


Vol.84, No.4 


reversed, the rotation is reversed 
and the action of the compensating 
field is nullified, which causes spark- 
ing at all speeds and loads. 

Fig. 10C shows how normal rota- 
tion and operation are secured by 
reversing the polarity of the brushes. 
This is done by interchanging the 
armature connections. The current 
flow through the main and com- 


Fig. 8—Method of connecting one 
field coil lead to the line and the 
other to a brush in a two-pole, 
series motor. 

Fig. 9—Method of making perma- 
nent connection between two field 
coils before being assembled in the 
motor frame. 

Fig. 10—Connections for main and 
compensating field windings of 
compensated universal 
motors. 


series 
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pensating field coils is in the same 
direction, but the current flow 
through the armature has been re- 
versed; thus rotation is changed 
back to normal. 

If the reversed rotation of the 
motor is satisfactory for the appli- 
cation, normal commutation can be 
secured by interchanging the leads 
of the compensating field coils, as 
shown in Fig. 10D. This changes 
the polarity of the compensating 
field and corrects the relation be- 
tween it and the armature rotation, 
and also the main field polarity. 

On the smaller sizes of universal- 
type motors, that is, below 4 hp., 
the main field winding is distributed 
in a number of slots per pole and 
to obtain a compensating effect the 
brushes are set permanently off 
neutral in the direction of rotation. 
It is obvious, then, that with this 
type of winding, when the armature 
rotation is reversed the brushes 
must be shifted to the opposite side 
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of the neutral line, to an angle equal 
to the original offset. If the brushes 
are not shifted, sparking and heating 
will result. On the other hand, the 
polarity of the main field or brushes 
can be reversed, which will return 
the rotation to normal and eliminate 
the necessity of shifting the brush 
rigging. 

The above points should be given 
consideration before changing from 
right- to left-hand coils or vice versa 
on armatures that have the brushes 
on the neutral line or shifted off 
neutral. In these cases the leads are 
connected out straight or given a 
throw in the direction of rotation 
of the armature. 

Before making changes the field 
and brush-holder construction should 
be studied to determine what effect 


the change will have on the motor’s 


operation and also how much trouble 
will be experienced in correcting the 
effects resulting from reversed arm- 
ature rotation. 


Comments on “Development and Use 
of Commutator Stones” 


WAS very much interested in 

the excellent article, Develop- 
ment and Use of Commutator 
Stones,” reported by Practical Pete 
in the March issue from a conversa- 
tion with William L. Weber. 

It has been my experience that 
there is no necessity of having a 
commutator stone made to fit the 
approximate curvature of the com- 
mutator. An artificial commutator 
stone will fit itself rapidly to the sur- 
face of the commutator and during 
the wearing-in process every revolu- 
tion of the commutator changes the 
face enough so that the stone does 
not hit the flat spot twice in the 
same way. 

It is true that a commutator stone 
will cut faster and better after it 


has worn to a full face, but in 


ordering the stone with the face 
already concaved the purchaser has 
just lost the value of the stone re- 
moved in concaving, and I have yet 
to see the first case where a com- 
mutator stone of the proper length 


has ever made a flat spot deeper 


during the wearing-in process. 

As Mr. Weber points out, it is 
necessary to have a stone approxi- 
mately twice as long as the flat spot 
is wide in order to completely re- 
move it and leave the commutator 
perfectly round. It is very inter- 


esting to occasionally shut down a 
machine during grinding and note 
how the flat spot gradually nar- 
rows in width, but see how the 
center of the spot remains just as 
black as it was originally, showing 
that it has not been touched. 

Just as soon as no blackness re- 
mains the grinding is done and not 
a thousandth of an inch more cop- 
per than necessary has been re- 
moved—less than the most careful 
workman can generally do with a 
turning tool. 

Mr. Weber also touched on the 
glaze on commutators and slip rings. 
So far as I know there is never any 
advantage to a glazed surface on a 
slip ring and it is true that the re- 
moval of the glaze from a ring 
speeds up the acceleration of a slip- 
ring motor and may cut down the 
starting time as much as 30 per cent. 
This is quite important on a.c. ele- 
vator motors or other slip-ring mo- 
tors that are started and stopped 
frequently. 

On direct-current machines, how: 
ever, this glaze is often necessary 
for good commutation. It increases 
the contact drop between the brushes 
and commutator and in many ma- 
chines, especially non-interpole ma- 
chines with varying load, this high 
contact drop is necessary to reduce 
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the short-circuit currents in the coils 
undergoing commutation. 

2 H. MARTINDALE. 
General Mana 


The Martindale Electric Co., 
Cleveland, Ohio. 
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I was much interested in the in- 
terview between Practical Pete and 
W. L. Weber published in the March 
issue, regarding the uses of com- 
mutator stones, and would like to 
add my views on the subject in the 
hope that they may benefit others. 

I have been using stones of 
various makes for the past nine 
years with good results, and by their 
use considerable time has been 
saved which otherwise would have 
been lost in removing the armatures 
also undercuts the commutator. 

The method I use is to start the 
cutting with a coarse stone, placing 
it in position on the brush rigging, 
with the commutator revolving 
toward the stone, and gradually cut 
the commutator by letting it swipe 
the stone until it is even or true. 
A fine stone is then used to smooth 
the suface, after which the surface 
is lightly polished with a sheet of 
very fine sandpaper. The latter gives 
the commutator a very high polish 
and removes all fine burrs. The 
next procedure, as soon as the ma- 
chine can be conveniently taken out 
of service, is to bevel the edges of 
the bars with a slotting file; this 
undercuts the commutator at the 
same time. 

For a beginner, a great deal of 
care is required in truing commu- 
tators with stones; otherwise both 
stone and commutator may be 
ruined. For instance, if continuous 


pressure is put on the stone while 


pressing against an elliptical com- 
mutator, the fault, instead of being 
remedied, is aggravated. It is, 
therefore, necessary that the stone 
be used in the same manner as the 
tool of a lathe is used. 

I have also found from experience 
that too much pressure on the stone 
is not good, since if the machine 
being cut is loaded, either motor or 
generator, considerable flashing at 
the brushes will result. The brushes 
will also wear down very quickly. 
Even when using a high-grade stone, 
the brushes in some cases, as on an 
emergency job, have become red hot 
at the point of contact and black- 
ened the commutator while under- 
going the cutting process. 


H. E. STAFFORD. 
Electrical Engineer, 
Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 
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Devoted to the Maintenance and Operation 
Bete tec 8 


G. A. VAN BRUNT, Managing Editor 


Can You Rely on Your Spare Parts 
in an Emergency? 

NYONE who has experienced the shock of learning 
that spare parts or supplies are unfit for use in 
time of emergency, does not have to be told that it is 
unpleasant, to say the least. The fact that spare parts 
such as armatures or rotors, coils, belts and the like 
are kept in stock for emergency service is ample proof 
that they are rightly considered to be very important. 

However, when spare coils, for example, are found 
to be of the wrong size, or with the insulation rotted, 
or otherwise defective, there is plain evidence of care- 
lessness on the part of somebody. So many things 
can happen to parts in stock that only careful storage 
and handling and frequent inspection will defeat some 
of the unsuspected enemies, such as rodents, dust, 
fumes, extreme changes of temperature, and so on, 
that cause stored material to deteriorate rapidly. 

Then again, there is always the possibility of spare 
parts being ordered for the wrong type of machine, 
particularly when these have been purchased second- 
hand, or altered in any way. 

A great deal of unnecessary trouble can be saved 
by taking care to store spare parts in a clean, dry 
place that is free from corrosive fumes, checking up 
and testing all material carefully before it is placed 
in stock, and inspecting it frequently thereafter. By 
so doing not only will the cost of wasted material be 
saved, but service delays and very costly and unpleasant 
situations will be avoided. 


Will the Oil-Electric Locomotive Reduce 
Cost of Steel Mill Yard Switching? 


N VIEW of the recent developments in the oil-electric 


locomotive, this form of motive power should be of 
particular interest to industries having considerable 
yard switching such as is the case in the steel mills. 

Recent tests made by the Central Railroad of New 
Jersey in one of its terminal yards resulted in an 
average fuel cost for the oil-electric locomotive of $1.16 
per 1,000 tons of freight handled, while the fuel cost 
of a steam locomotive operating under the same condi- 
tions over an equal period of time was $6.92 per 
1,000 tons of freight handled. Fuel costs are only 
one of the several economies that are expected to be 
obtained with the oil-electric locomotive. Use of it 
will eliminate coaling stations, ashpits, and turntables 
and is expected to do away with expensive round houses 
and hostling services. The maintenance cost of the oil- 


electric locomotive is said to be much below that of 
the steam locomotive; this means that in addition to 
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the saving in money, due to decreased maintenance, 
the oil-electric locomotive will spend more time in 
service, and less in the round house. 

For some time the steel mills have been very much 
interested in reducing their yard switching costs. 
Electric locomotives supplied from overhead trolleys 
have been proposed, but discarded as impractical, due 
to the necessity of having overhead space clear for yard 
jib cranes, traveling cranes, locomotive cranes, and the 
like. Third rail locomotives have been seriously con- 
sidered, but due to the large number of tracks located 
in a congested area, the trackage and switching be- 
comes very complicated. One steel plant, in the 
endeavor to reduce its yard switching costs, has 
installed a large, storage-battery locomotive. The 
outcome of this installation will be awaited with 
interest. 

The oil-electric locomotive appears to be an ideal 
solution of the steel mill yard switching problem. It 
goes without saying that the test results of these 
locomotives obtained by the various railroads will be 
watched closely by steel mill operating engineers who 
are alive to possible cost reductions that may be thereby 
obtained. 


Selecting the Best Method is an 
Important Part of Any Job 


EED, on the part of industrial operating executives, 

for quick thinking and ingenuity in meeting un- 

usual conditions was brought out some time ago by an 
incident that is not without a humorous aspect. 

In a certain plant a large water tank is mounted 
on a supporting structure above the main office. During 
severe cold weather one winter a huge icicle formed on 
the tank and when it eventually broke loose it crashed 
through the roof of the office, causing a good deal of 
damage. 

The following year another icicle formed and had 
grown to dangerous size before it was noticed. The 
office employees refused to stay at their desks and 
in the absence of the Master Mechanic there was a 
hurried consultation to decide the best way of removing 
the icicle before it broke loose. The weather was 
extremely cold and no one wanted the job of climbing 
up and knocking the icicle down, as it was in reality 
a dangerous undertaking. 

Before action was taken the Master Mechanic 
returned and took in the situation at once. He slipped 
out of the office and within a short time had solved 
the problem cheaply and simply by shattering the icicle 
with a rifle bullet. That may not always be the best 
way of getting rid of icicles, but in this instance it 
served the purpose well. 

Speed in undertaking a job is oftentimes highly 
desirable, but the method that first comes to mind is 
not always the best one. In the long run, time can 
often be saved by studying the situation with sufficient 
care to make sure that the methods used are the 
simplest and most efficient, all things considered. 
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Be Sure That Your Money-Saving Ideas 
Will Really Save Money 


OT LONG ago we heard of a money-saving idea 
that wins the prize for misdirected effort towards 
economy in plant operation. 

A well-known steel plant has a number of large 
motors and several turbo-generators, which are sup- 
plied with air that is passed through air washers 
for cooling and cleaning. It costs money to pump 
water at this plant and the management decided that 
a considerable saving could be made by shutting down 
these air washers during the winter months when 
cooling of the air was not required. This was done 
and a saving was made, but unfortunately this saving 
was lost the next summer, due to an insulation failure 
on one of the large motors. This failure was traced 
to dirt in the armature of the motor and the logical 
reason for dirt getting in there, was because the air 
washer did not have an opportunity to remove the dirt 
before it reached the motor. Rewinding of the arma- 
ture was required—a job that was done very ex- 
peditiously in five days. Meanwhile the entire mill 
was shut down and the cost of this delay in production, 
added to the rewinding cost of several thousand dollars, 
swallowed up many, many times the small saving in 

water cost. 
Air washers are installed primarily to clean the air 
and the fact that they cool the air at the same time 
is only a secondary consideration. Knowledge of, or 
consideration of, this simple fact would have saved a 
large amount of money and a great deal of trouble. 

A careful investigation should be made of all angles 
of a money-saving idea before it is put into operation. 
There is a reason for the use of most plant equipment 
and elimination or shutting down of part of it should 
be done only after careful consideration of the possible 
consequences. 


Improper Application of Equipment May 
Cost More Than You Realize 


VERY operating engineer knows from experience 

that it is not difficult to find many instances of 
failure to secure maximum output or service from some 
installation, due to faulty application of one or more 
component pieces of equipment. A case in point came 
to light recently in an industrial plant which makes 
use of a special and costly machine for performing 
certain operations on four different sizes of metal 
stock. Naturally, the operations on the heavier stock 
must be performed at slower speeds than in the case of 
the lighter stock. 

Through ignorance or carelessness, when this 
machine was originally installed a constant-speed 
drive was selected. This meant that the machine 
speed had to be limited to the value that was suitable 
for handling the heaviest stock, whereas light stock 
was handled a large part of the time. 

At length, someone who had a wider knowledge of 
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the results that can be accomplished by proper selec- 
tion of motor and control equipment, suggested that a 


. variable-speed motor and suitable control be used on 


this machine. The change was made and production 
has increased considerably, as each weight of stock 
can now be handled at the maximum suitable speed. 

In many cases the selection of the control equipment 
should receive more attention than it now gets. Con- 
trol engineering has made so many advances during 
the past few years that it is safe to say that many 
engineers do not fully realize the results that can be 
accomplished, and the possibilities that are offered, 
by well-designed control equipment. | 
The next time you have occasion to select control 
equipment, investigate thoroughly the designs avail- 
able and make friends with a few good engineer sales- 
men of this equipment. You may learn some things 
that will surprise you, and that you can use to good 
advantage. 

— 


Take a Day Off and Visit Your 
Neighbor’s Plant 


HERE is nothing like the word-of-mouth method 

for passing on helpful experiences. One way of 
obtaining this contact is through association meetings 
or conventions; however, these meetings are too infre- 
quent and quite often degenerate into good-fellow par- 
ties rather than into exchanges of experiences in 
solving operating problems. 

Seemingly it is hard for some to realize that their 
neighbor’s plant is confronted with problems wery 
similar to their own. Of course, it is quite common to 
look over another man’s plant when deciding upon what 
kind and type of new equipment should be obtained. 
But the visits should be made oftener and with the view 
of obtaining operating information and ideas as well as 
the foregoing. Also, visits should be made to a greater 
variety of industrial plants than would be true if new 
equipment only were to be inspected. If your neighbor 
manufactures the same product that you do, it is quite 
likely that he will look at his problems in the same man- 
ner that you do. On the other hand, the operating man 
in another kind of industry may attack the same prob- 
lem from an entirely different angle. 

The International Harvester Company is one organi- 
zation that recognizes this fact, and encourages visits 
between men in its various plants. In fact, this com- 
pany goes so far as to organize regular trips on which 
even the foremen from one plant will visit those of an- 
other. For example, those engaged in making tractors 
may visit a rolling mill; those that make trucks may 
visit the harvester plants, and so on. 

After all, doing something better than it was done 
before is simply the fruition of an idea. Ideas do not 
come out of thin air; they come from experiences, 
things we have seen, and our imagination. Give these 
forces a chance to develop by talking things over with 
your neighbor during a visit at his plant. Both he and 
you will benefit thereby. 
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Who Can Answer 
These? 


Method of Checking Bearing Alignment. 
—I should like to know how to check 
the alignment of bearings on machines 
having three or more bearings sup- 
porting the same shaft, or where two 
shafts are coupled together by means 
of rigid couplings. An example of this 
is a three- bearing. motor-generator 
set or a large, heavy-duty motor or 
pump having a pedestal bearing in 
addition to two regular bearings. I 
shall appreciate any suggestions that 
readers can give me for doing this 
work. 
Chicago, III. F. B. 


Can Slip Ring Motors Be Started by a 
Compensator —1 have several three - 
phase, 440-volt, wound- rotor, induc- 
tion motors ranging in size from 25 
to 150 hp. I have several spare com- 
ensators which I would like to use 
or emergency starting of these motors 
in case anything goes wrong with the 
present drum controller and second- 
ary-resistance type of control. My 
plan is to short the slip rings and 
start the motors with a compensator 
just as though they were squirrel- 
cage induction motors. Is this prac- 
ticable? Is there any danger of dam- 
aging the motors? I would like to 
know the experience of other readers 


in this renee: 
Chicago, III. W. J. A. 
e 


Where Should I Use This Kind of Wire? 
Most manufacturers of wire for use 
in house wiring and in industrial 

lants make three kinds of wire: a 

de wire, an intermediate grade and 
a 80 per cent rubber compound grade. 
I should like to learn from other 
readers whether they use all three 
grades around their plants and if so, 
the basis on which they decide the 
grade that shall be used for a cer- 
tain application. Do you find any of 
these grades unsuited for industrial 
lant use? I shall appreciate any 
nformation that you can give me re- 


ardin the proper application of 
ese three preces of wire. 
Newark, N. J. B. 8. 


Tests on Motors Do Not Check Name- 
plate Data—We have three 200-hp.. 
600 r.p.m., 60-cycle, three-phase, 440- 
volt, wound-rotor, induction motors, 
that .are used to drive tube mills in 
our cement plant. According to the 
nameplate, the full-load, primary cur- 
rent is 245 amp., while the full-load 
secondary current is 346 amp. On 
making a test on one of the motors, I 
found that with the belt off the pri- 
mary current was 126 amp. Upon put- 
ing the belt back on the pulley and 

loading the motor, the primary cur- 

rent rose to 275 amp., while the sec- 
ondary current went up to 150 amp. 

Upon increasing the load, the primary 

current reached 350 amp. and the sec- 

ondary current 275 amp. According to 
the nameplate the primary current 
should be less than the secondary cur- 
rent, while the tests show just the 
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Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


* 
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opposite. The temperature rise on the 
motors so far has stayed below 40 deg. 
Can some reader tell me what is the 
matter with these motors? 

Ragland, Ala. R. I. F. 


Changing Speed of Induction Motor 
What will be the horsepower and pow- 
er factor of a 3-hp., Fairbanks-Morse, 
1,200-r.p.m., 6-pole, 64-slot, standard 
factory wound, 60-cycle, 440-volt 

' duction motor, wound with No. 16 wire 
in 54 coils with 28 turns per coil, span 
1-9, when this winding is regrouped 
for eight poles instead of six? 
Portland, Ore. P. M. W 


What is Function of Reactive Volt - 
Ampere Indicator?t—We recently or- 
dered from a meter manufacturer a 
three-phase, switchboard-type watt- 
meter. When the meter arrived at the 
plant it was marked, reactive volt- 
ampere indicator, instead of watt- 
meter. I wish some of the readers of 
this column would explain the dif- 
ference between these two meters and 
tell me the application and use of the 
reactive volt-ampere meter. Any de- 
talls regarding the use of this meter 
will be very helpful. 

Detroit, Mich. R. J. B. 


Trouble in Keeping Commutator Barna 
Straight.—I have considerable trouble 
in keeping commutator bars true and 
straight when the commutator is put 
back on the shaft of the armature 
after being repaired. The type of 
armature that I have particular 
trouble with is a %-hn.. d.c., No. A3. 
Westinghouse motor. The commutator 
is held in place by the front and rear 
V-rings which are locked in place by 
means of a plate screwed onto the 
armature shaft. In tightening this 
plate the armature bars move at an 
angle or become skewed. Can some 
reader tell me how to assemble these 
small commutators in such manner as 
to prevent them from skewing? 

New York, N. Y. B. L. A. 


What Causes Heating of This Cable Box? 
— There are six 1,000,000-circ. mil 
cables connected in parallel per phase 
on the cable run between our 2,000- 
kw. 3,000-amp., 480-volt turbo-genera- 
tor and the oil switch. These cables 
are grouped in six conduits, each of 
which holds one cable from each phase, 
or a total of three cables. The con- 
duits terminate in the bottom of a 
sheet-iron distribution box. In this 
box the cables are regrouped so that 
all of the cables from one passe go 
out of the left-hand side of the top of 
the box; all the cables for another 
phase go out through the center of 
the top of the box: and the six cables 
for the remaining phase go out 
through the right-hand side of the top 
of the box. With this arrangement the 
entire top half of the sheet-iron dis- 
tribution box heats up. What causes 
this heating and how may it be over- 
come? Should I make the box of fiber 
instead of sheet iron, 

Bellingham, Wash. E. M. D. 
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Answers Received 
To Questions Asked 


What Is the Best Type of Drive for This 
Installation ?—I should like to have 
the advice of readers on the following 
problem. We wish to operate by a 


O-hp., 1,1560-r.p.m. motor, a small 
machine shop and a small reciprocat- 
ing pump, which are in different 
rooms, separated by an 8-in. brick 


wall. We wish to place the motor in 
the room with the pump. There are 
three possible drives. 1) Mount the 


motor on the floor or wall and use a 
short, overhead lineshaft with three 
ulleys, one for the motor belt, one 
Por riving the pump and the other 
for driving the machine shop. (2 
Mount the motor on the ceiling and 
connect it directly to a short lineshaft 

with two pulleys, one for the pum 
and one for the machine shop. (3 
Mount the motor on the floor and drive 
the pump directly through a_ speed 
reducer. In this case I would use 
between the motor and the speed 
reducer a short piece of shaft on 
which would be mounted a ulley 
driving an overhead shaft. which in 
turn would be belted to the machine 
shop lineshaft. Will someone please 
tell me which of these combinations . 
would be best from the standpoints of 
cost, maintenance and operating 
advantages? Do you know of a bet- 
ter type of drive than I have outlined? 
Chicago, III. O. H. E. 


In reply to the questions asked by 
O. H. E., I advise using method No. 1, 
with the motor suspended from the 
ceiling. This will allow a horizontal 
belt drive from the motor to the short 
lineshaft and will not require as tight 
a belt, as would be the case if the 
motor were mounted on the wall or 
floor. 

It is not advisable to connect the 
motor directly to the pump shaft. In 
this case speed reducers would have to 
be used. These are expensive. Also, 
the use of flexible couplings should be 
avoided, if possible. 


Watertown, Mass. F. B. WILLIAMS. 


The second drive as outlined by 
O. H. E. will be the best to use as it 
does away with some of the belting 
which would be necessary in the first 
case. The third method would be more 
expensive. Furthermore, connecting 
the shaft extension to a speed reducer 
and running a belt from it, is not, in 
my opinion, very good operating prac- 
tice. 

Two modifications of the second plan 
are suggested. When a motor is 
mounted on the ceiling there is not 
always enough headroom to permit con- 
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venient oiling and cleaning of the mo- 
tor. A platform on which the motor 
might be mounted could be built and 
suspended from the ceiling. This 
method of installation would keep the 
motor and one belt away from the floor 
and out of the way. 

Another plan would be to purchase 
a motor with a shaft extension on each 
end, and two pulleys. This would do 
away with the countershaft, as the 
pump and machine shop could be belted 
directly to the motor shaft. The motor 
could be mounted either on the ceiling 
or on a suspended platform, as sug- 
gested above. If a new motor is being 
purchased, one with a special shaft ex- 
tension may be obtained in a few weeks 
time, at slight extra cost. 

Boston, Mass. L. B. MORRILL. 


Replying to the question by O. H. E., 
the first type of drive he mentions ap- 
pears to be the best from the stand- 
point of maintenance and construction. 
In view of the fact that motors are 
generally given very little attention on 
small installations, I would advise 
against placing them on the ceiling. 
Motors mounted in this position are 
very difficult to repair or clean. They 
are much easier to maintain if they are 
mounted on the floor or on wall plat- 
forms. In the latter case the wall 
platforms should be rigid enough to 
resist all vibration, and large enough 
for a man to stand on either side of 
the motor. 

The floor is an excellent place to 
mount a motor, but usually floor space 
is limited, while plenty of wall space 
is usually available. On page 597 of 
the December issue O. H. E. will find 
a neat little motor stand which may be 
built cheaply in almost any shop. The 
only disadvantage is that the platform 
looks to be rather small and the oiler 
would have a difficult task in determin- 
ing whether the bearings were well 
oiled, unless he carried a ladder with 
him to place on either side of the 
motor. It is not good practice to use 
portable ladders and they should be 
discarded and replaced with permanent 
ones, where required. Safety first al- 


ways pays. 
Chief Electrician, LEE F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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Referring to O. H. E.’s question, the 
first drive that he suggests is the best. 
Locating the motor on the floor or on 
a wall bracket and belting to a line- 
shaft and then to the pump and ma- 
chine shop, will allow the installation 
to be made of standard material, that 
can be readily procured and replaced, 
at low cost in case a breakdown should 
occur. 

The objection to the second alter- 
native, mounting the motor on the ceil- 
ing and connecting it directly to the 
lineshaft, is primarily a question of 
the motor speed. The motor speed of 
1,150 r.p.m. would be too fast for the 
ordinary lineshaft bearings and would 
probably give unsatisfactory pulley 
ratios for driving the pump and ma- 
chine shop. In this case the lineshaft 
pulleys would be prohibitively small, 


INDUSTRIAL ENGINEER 


or the driven pulleys unreasonably 
large. A less vital matter would be 
the relative inaccessibility of the motor 
for oiling, minor repairs, and other 
maintenance. 

Using a speed reducer between the 
motor and pump shaft, as suggested 
under method No. 3, is objectionable 
because of the cost. Speed reducers are 


well built, but are more expensive, in 


comparison with ordinary lineshaft 
material. For satisfactory operation 
there should be flexible couplings on 
both sides of the speed reducer, between 
the motor and the pump, which would 
increase the cost of the power drive 
still further. 

No. 1 type of drive will be the most 
satisfactory if the space available and 
the speed ratios will permit its use. 
A properly arranged drive using 
leather belts of ample width and thick- 
ness will be more efficient and cause 
less operating trouble than any other 
type of drive. If an accident occurs 
to any part of the driven machinery, 
about all that can happen is that the 
belt will slip off, without breaking 
chains, tearing teeth out of gears, or 
otherwise damaging the transmission 


machinery. 
Plant Engineer, H. D. FISHER. 


New Haven Pulp & Board Co., 
New Haven, Conn. 
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Referring to O. H. E.’s problem, a 
little more information, such as the 
following questions suggest, would help 
in deciding which arrangement is the 
most efficient. Is the machine shop 
load constant? Is the shop operated 
intermittently or continuously when the 
pump is operating? Does the pump 
operate continuously or intermittently, 
and at what speed? Is the motor a. c. 
or d.c.? Are clutches to be used for 
disengaging units for no-load starting 
of the drive? 

Arrangement No. 1 is the cheapest, 
most practical, and represents the most 
common practice. Clutches may be used 
on each side of the main drive pulley on 
the line or jackshaft to throw off the 
machine shop load as required, or in 
case of accident. The pump can simi- 
larly be thrown in or out of service as 
occasion demands, and the starting of 
the motor facilitated by disengaging 
the clutch. 

Drive No. 2 has the disadvantage 
that the jackshaft speed would be too 
high, unless a special ball or roller 
bearing construction were used. Also 
aligning the motor with a shaft would 
require four bearings in line, which is 
objectionable unless a flexible coupling 
were used between the motor and jack- 
shaft. Altogether, this arrangement 
is not very flexible and practical, con- 
sidering individual operation and 
starting. 

Drive No. 3 is the most expensive, 
as several flexible couplings would be 
required if the speed reducer were 
mounted between the motor and pump. 
This arrangement is not very flexible, 
and like arrangement No. 2 would 
require a higher grade of maintenance 


service. 
Engineering Dept., E. H. LAABS. 


Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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is This Lamp Consumption Too High?t— 
Our plant is a malleable fron foundry 
and our lights are operated from 230- 
volt direct-current power supply. Dur- 
ing the first 314 days of this year, we 
used a total of 972 lamps in 847 out- 
lets, making an average consumption 
of 1.33 lamps per outlet per year. 
To be specific, we used 230, 100-watt 
type C lamps in 275 outlets, or 0.97 
lamps per outlet per year. We used 
162, 200-watt type C lamps in 160 out- 
lets, or 1.18 lamps per outlet per year. 
For portables and extensions at mold- 
ers’ benches we used 600, 60-watt, 
mill-type lamps in 412 outlets, or 1.7 
lamps per outlet per year. The large 
lamps are subjected to slight vibration 
due to machinery and lineshafting. 
The lamps burn 9½ to 10 hr. ‘per day. 
I should like to know whether other 
readers think that our average lamp 
consumption is too high. Also I shall 
appreciate any information regarding 
lamp consumption in plants having 
conditions similar to a foundry, as 
well as in other types of manufactur- 


ing Plants. 
Chicago, III. W. A. B. 


Replying to W. A. B.’s question, the 

number of lamps required during day- 
light hours depends entirely on the 
amount of natural illumination avail- 
able. If the windows are small or 
dirty more lamps will be required than 
would otherwise be the case. Natural 
illumination may be accurately meas- 
ured with a foot-candle meter. 
For a foundry the intensity of light 
in foot-candles should be as follows: 
On the charging, tumbling, cleaning, 
pouring and shaking-out floors, 2 to 4 
foot-candles, where rough molding and 
core making are done, 3 to 6, and for 
fine molding and core making 5 to 10 
foot-candles. 

The lighting arrangement for a cer- 
tain foundry approximately 80 ft. by 
200 ft., or a total area of 17,600 sq. ft., 
is: 300-watt Mazda lamps in RLM 
standard dome reflectors, spaced 30 ft. 
by 40 ft. and hung 35 ft. above the 
floor. This hanging height permitted 
the use of bare lamps, but with an in- 
creased height the spacing could natu- 
rally be increased. The average inten- 
sity of illumination is 5 foot-candles. 

These lamps are lighted only on dark 
days, in the first part of the morning 
or in late afternoon. They were not 
used between the hours of 10 a. m. and 
2 p. m. more than five or six times 


last year. 


Boston, Mass. F. B. WILLIAMS. 
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In answer to W. A. B., I would say 
that he is to be congratulated, because 
foundry service is very hard on elec- 
tric lamps. Owing to the accumulation 
of dirt, lamps have to be cleaned fre- 
quently, which increases the liability of 
breakage. Also, the use of portable 
lamps and extension cords tends to 
shorten the life of the lamps, which is 
likewise true to a less extent for fix- 
tures subjected to vibration. Based on 
an average of 9.75 hr. per day for 314 
days the lamps were burned 3,061 hr., 
Which is a trifle over three times the 
rated life of the lamps. 

According to the actual rated life of 
these lamps, the total consumption 
would have been 2,970 lamps in com- 
parison to the 972 that were used. 
However, this comparison is too good 
to be true for the modern lamp, which 
is rated for 1,000 hr., but is considered 
all right to use until broken. After 
1,500 hr. the output decreases to such 
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an extent that it produces only about 
90 per cent of its rated lumens. Iron 
and steel plant applications are com- 
parable to foundry lighting and in fact 
include it. In such a plant having 
3,865 outlets, there have been as many 
as 12,300 lamps charged out in one 
year. This large consumption of lamps 
has been reduced recently by good man- 
agement and improved lamp design. 

If it were possible, it might be said 
that W. A. B. was not using enough 
lamps per year. Money invested in 
illumination produces a greater return 
than any other similar sum spent on 
plant equipment. A dollar now buys 
16 times the illumination that it did 35 
years ago. During the past decade the 
increased return on the investment has 
been about 62 per cent. 

Electrical Engineer, D. W. BLAKESLEE. 


Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 
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Cleaning Wire-Mesh Carbon Brushes 
What is the best way of cleaning wire- 
mesh, carbon brushes that are heavily 
coated with carbon dust and dirt? 
Scraping with a knife is slow and not 
entirely satisfactory. Is there some 
solution that could be used to clean 
them? These brushes are used on an 
old plating generator that is subjected 
to frequent overloads and the commu- 
tator is slightly grooved; so there is 
considerable sparking. The commu- 
tator has been turned down about as 
much as it can be and as the gener- 
ator will be replaced before long we 
do not want to put on a new com- 
mutator. However, I must keep the 
generator in as good condition as 
poses until it is replaced. 

lwaukee, Wis. A. J. K. 
In answer to the question asked by 

A. J. K., relative to the method of 
cleaning wire-mesh carbon brushes, I 
have found it very satisfactory to put 
the brushes in a copper plating solu- 
tion and electroplate them until they 
look like new. The brushes are thus 
cleaned off while undergoing the plating 
in the plating bath. I have used this 
method quite a number of times and 
have found it entirely satisfactory. 

Chief Electrician, HARRY J. ACHEE. 

City of Woodward, 

Woodward, Okla. 
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I would suggest that A. J. K. use 
gasoline to scrub the brushes, with 
which he is having trouble. A steel 
bristle brush will clean the pores of 
the brushes especially near the surface. 
After the gasoline has dried off, soak 
them for about 30 min. in a solution 
composed of two parts of water to one 
part of ammonia. Then remove them 
from the solution and put them in clean 
water, rinsing them thoroughly. If 
this does not remove all of the grease, 
the solution can be made stronger. It 
is well to wear rubber gloves when 
handling the brushes in this ammonia 
solution, because the strong solution 
injures the hands to a certain extent, 
especially if there are cuts or bruises 
on one’s hands. 

I have also used sulphuric acid for 
cleaning copper brushes and this 
method could be easily used around a 
plating establishment, such as is the 
case with A. J. K. The proper way to 
proceed with this method is to first 
dip the brushes in a hot potash solu- 
tion and then rinse them in clear water. 
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The brushes may then be dipped in 
sulphuric acid until all grease is re- 
moved. There is a danger, however, in 
using this method in that the acid 
might not be entirely removed from the 
brushes and when the brushes are put 
on the commutator they might injure 
its insulation. Special pains should be 
taken to remove all of the acid from 
the brushes. GRADY H. EMERSON. 
Birmingham, Ala. 
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What Is the Capacity of this Trans- 
former Bank?f—I have four 25-kva., 
2,200/220/110-volt transformers con- 
nected to a three-phase, 2,200-volt, 
power supply as is shown in the 
accompanying diagram. The second- 
ary of each transformer is so con- 
nected that the two 110-volt windings 
are in series to supply 220 volts. <As 
can be seen from the diagram, 440- 
volt, three-phase power is obtained 
from the secondary of this bank of 


440 volts 


440 volt s 440 volts 
8 ec I transformer ee ee 
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transformers. I shall greatly appre- 
ciate it if some reader will tell me 
what the capacity of this bank of 
transformers is with the connection 
that I am using. I should also like to 
know the safe secondary line current 
and also the safe primary line current 
that these transformers will take with 
this connection. 
Hattiesburg, Miss. J. M. M. 
Answering J. M. M.’s question, the 
connection he is using is open delta. 
The bank of four 25-kva. transformers 
operated on this connection has a 
capacity of 86.6 kva. The full-load, 
high-tension current at 2,200 volts is 
22.75 amp. and the corresponding low- 
tension current at 440 volts is 113.7 
amp. These values do not take into 
consideration the small losses that 
occur in the transformers, but are close 
enough for loading up the bank. 
Morgan Hill, Calif. I. J. GRONWOLD. 
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Referring to the query of J. M. M., 
concerning the connection of four 25- 
kva. transformers, I would say that 
the arrangement he shows is practically 
equivalent to an open-delta connection 
with the primaries two in parallel and 
the secondaries two in series. In other 
words, another set of two transformers 
similarly connected across the third 
phase would give a balanced delta con- 
nection. 

The regulation and efficiency of the 
open-delta connection are poor, since 
one phase of the load receives power 
from two sets of two transformers in 
series. 

It is customary to use the open- 
delta connection for installations that 
will grow, to save in first cost. When 
the load demand increases, the delta is 
closed by the addition of a third trans- 
former, or set of transformers. 

The total capacity of the trans- 
formers in an open-delta connection 
should be 15 per cent greater than the 
load. This means that the load on an 
open-delta connected bank of trans- 
formers should not exceed 87 per cent 
of their rating. 


Chief Electrician, 
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Since all coils are in use in the four 
transformers in this bank, the capacity 
available is 87 per cent of 100 kva. or 
87 kva. Neglecting exciting current, 
the full-load primary current is equal 
to (87 X 1,000) (2, 200 X 1.73) = 23 
amp., and the full-load secondary cur- 
rent (87X1,000) = (440X1.73) = 114 
amp. These calculations are based on 
the formula, Kva. = (E X I X 1.73) + 
1,000, and I = (kva. X 1,000) + (E X 
1.73), in which E=volts, I=amperes, 
and kva.=kilovolt-amperes. 


FREDERICK KRUG. 
Supt. of Power Production, 
Porto Rico R. R., Light and Power Co., 
San Juan, Porto Rico. 
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In answer to the question asked by 
J. M. M. regarding the safe current 
loads in primary and secondary of a 
100-kva. transformer bank, I would say 
that the connection scheme shown in 
the diagram is the familiar open-delta 
connection and is good for a load of 
approximately 58 per cent of the load 
that can be carried on a closed-delta 
connection employing the additional 
transformer or, in this case, two trans- 
formers. The kva. load capacity in 
the foregoing case is 87 kva. Safe 
primary current at 2,200 volts will be 
22.5 amp. and safe secondary current 
113.5 amp. If he has any facilities 
for cooling the transformers, such as 
a cold air draft or cold water sprayed 
on the cases, the load can safely be 
increased 25 or 30 per cent provided 
the oil is in good condition. 

LEE F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In reply to J. M. M., I would say 
that his diagram shows a bank of 
transformers with both primary and 
secondary sides connected open delta 
or V. The capacity of this bank will 
be approximately 87 kva., as may de 
seen from the following analysis. 

Let I the maximum phase current; 
then the corresponding line current 
with a delta connection will be equal to 
1.73 *I. However, with an open- delta 
connection the line current will be 
equal to I; that is, the line current will 
equal the phase current. Therefore, 
the output of an open-delta connection 
as compared to a closed-delta connec- 
tion will be in the ratio of J to 1.73 
or 1 to 1.73. In other words the capacity 
of an open- delta connected bank will 
be 58 per cent of the closed-delta con- 
nection or 87 per cent of the rated 
capacity of the two transformers used 
in the open-delta connection. Inas- 
much as the primaries of two trans- 
formers are connected in parallel to 
make one leg of the open- delta connec- 
tion, we may consider each leg as hav- 
ing 50 kva. transformer load connected 
thereto. Then 87 per cent of (50+50) 
=87 kva. 

The current loads will be equal when 
the three-phase load is balanced. The 
safe primary current will be about 22.5 
amp. per terminal or twice the current 
rating of one transformer, if the name- 
plate indicates primary amperes. The 
safe secondary current will be about 
113.5 amp., which is approximately the 
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ampere rating of one transformer when 
connected for 220 volts. A system of 
this kind should only be used tem- 
porarily, because of the low efficiency 
and poor power factor of this connec- 
tion. ALEXANDER MCLENNAN. 


Westinghouse Elec. & Mfg. Co., 
Pittsburgh, Pa. 


e $ $ g 


At a normal high-tension rating of 
2,200 volts, a primary current of 11.4 
amp. will be taken by each 25-kva. 
transformer; the secondary current 
delivered by each pair of transform- 
ers at 440 volts would be approximately 
114 amp. 

Addition of two more transformers 
similarly connected would form a closed 
delta connection and give the bank a 
rating of 150 kva. In this case, with 
a line potential of 2,200 volts, the line 
current will be 39.5 amp. and the phase 
current or the current in the high- 
tension winding of each transformer 
will be 22.8 amp. However, as now 
connected (open delta), the line cur- 
rent and the phase current are the 
same and the capacity of the bank is 
limited to 22.8 amp. on the primary 
side, with a line current of 114 amp. 
on the 440-volt secondary. 

West Allis, Wis. EDWARD JAMES. 
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The diagram of connections given by 
J. M. M. shows what may be con- 
sidered to be two 50-kva. transformers 
connected in V or open-delta. Since 
the full line current must flow through 
each transformer the capacity of the 
total bank for safe normal load opera- 
tion will be only 86.6 per cent of the 
actual capacity or 86.6 kva. 

The normal safe line current will be 
as follows: 2, 200-volt side, 22.7 amp.; 
440-volt side, 113.5 amp. These values 
do not include any allowance on the 
2,200-volt side for core loss current 
which will increase the figure of 22.7 
amp., to 23.5 or 24 amp. for commer- 
cial transformers. 

Care should be used when connect- 
ing the 2,200-volt windings to see that 
all the voltage connections are the same 
and that no taps are used, which might 
give either a higher or lower voltage 


value. C. OTTO VON DANNENBERG. 
Designing Engineer, 

Sanderson & Porter, 

Springdale, Pa. 
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In answer to the question asked by 
J. M. M., I wish to submit the follow- 
ing: The connection shown is an 
open-delta connection, and will deliver 
86.6 per cent of the nameplate rating 
of the transformers in the open delta 
connection or 57.7 per cent of the 
power that would be delivered from a 
closed delta connection having six 
25-kva. transformers connected two in 
parallel. The closed delta capacity 
would be 6X25 kva.—150 kva. The 
open-delta capacity is 150 457.7 per 
cent—86.6 kva. The nameplate rating 
of each transformer is 25 kva. which 
multiplied by 86.6 per cent gives us 
86.6 kva. 

The current in a three-phase system 
= (kva. 1, O00) + (line voltage K 1.732). 
In this case the full-load primary 
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current (86.6 1,000) = (2,200 X1,732) 
=22.7 amp. 

As the secondary voltage is one-fifth 
of the primary voltage, the secondary 
current must be five times the primary 
current; that is, 113.5 amp. 

As the efficiency of a transformer 
is never 100 per cent, the secondary 
current will be somewhat less than 
113.5 amp. These values are safe. 
Ustick, Idaho. ALEX BREMNER, JR. 
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Armature Bands Overheat.— Five bands 
are used on a 220-volt, d. c. armature 
with which we are having trouble. 
The armature coils slope very sharply 
and to prevent the outside bands from 
slipping off the ends of the armature, 
the winder soldered copper strips 
across the bands so as to tie them 
together. Six %-in. strips were placed 
Parallel to the coils and spaced at 
equal distances around the armature. 
The bands as well as the copper strips 
are well insulated from the armature 
winding, but the bands and particu- 
larly the copper strips become very 
hot, presumably from some induced 
current. I would like to know what 
causes this heating and how it may 
be prevented. If it is induced current 
that causes the heating please ex- 
plain what causes this current. Is 
there any way in which I can tie these 
bands together that will not cause 
the heating referred to? 

Oelwein, Ia. L. T. M. 


In reply to the question of L. T. M., 
I am positive that his trouble is due 
to induced currents in the band con- 
nections; he has a squirrel-cage effect 
from the method of banding that he is 
using. I have found good results from 
the following method of fastening end 
bands so as to prevent them from 
slipping off the coils, in cases where 
the coil ends slant to a considerable 
extent. 


. N. or outer 
NI tae” col band 
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Method of anchoring end bands 
that are inclined to slip off end of 
armature. 


In a tooth, a slot is cut wide enough 
to take the thickness of the clip and 
a thickness of insulation on each 
side of it, as shown in the top illus- 
tration. Insulation for the bands is 
then put on in the regular manner 
and the clips bent over the insula- 
tion, the bands run on, and soldered 
to the clips, as shown in the bottom 
illustration. 
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After removing the bands from the 
coil ends, mark off places on the outer 
edge of the core at points on the teeth 
where the coil band wire clips should 
come. These points should be located 
about % in. from the outer edge of the 
tooth. Now in some convenient way, 
as with a file, cut down the surface of 
the marked teeth to a depth of % in. 
and to a width equal to the thickness 
of the band wire tie clip and two thick- 
nesses of insulation, as is shown in the 
top diagram of the accompanying illus- 
tration. After this has been done to 
all of the teeth that were marked, 
separate the laminations with a small, 
sharp-pointed chisel in each tooth, as is 
shown in the illustration. 

Then insert in the small slot, one 
end of the band wire clip with insula- 
tion on each side of it, letting the band 
wire clip stand vertical as shown in 
the top illustration. Prepare the sur- 
face of the coil ends with insulation to 
receive the band wire. After this is 
done, bend the clip to a horizontal posi- 
tion. These band wire clips should be 
made long enough so that when they 
are bent over with one end insulated in 
the slot in a tooth, the other end of the 
clip will extend about % in. beyond the 
edge of the band wire. After the band 
wire has been wound on, the extending 
end of the clip may be turned back 
over the band wire and soldered in the 
usual manner, as shown in the bottom 
illustration. 

We are now ready to lay on the 
1 band; that is, the one that is 
shown at the left in the bottom illus- 
tration. This is a core band. See that 
insulation of suitable thickness is 
placed over the outer end of the core. 
One edge of this insulation should pro- 
ject about % in. beyond the edge of 
the core so as to allow the band wire 


- to be put on as near the edge of the 


core as practicable and thereby hold 
the inserted end of the outside band 
clip from raising and coming out of 
the small slot in the tooth. Careful 
examination of the bottom illustration 
will show how the clips holding the 
band going over the coil ends are 
anchored in the teeth of the core by 
the core band. I. F. WISINSKI. 


Chicago Elevator & Blectric Mach. Co., 
Chicago, III. 
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L. T. M.’s trouble is rather common, 
but he has an aggravated case because 
of the copper strips with which he has 
tied together the armature bands. 
Ordinary banding heats an armature 
in two ways: First, by losses in the 
bands; and second, by restricting the 
ventilation and preventing the dissipa- 
tion of heat from the armature core 
and coils. | 

According to T. Spooner, in the 
January, 1926, number of the Journal 
of the A. I. E. E., band losses may be 
classified as follows: (1) Eddy cur- 
rent losses in band wires, solder, and 
tinned strips, due to radial flux. (2) 
Eddy current losses in band wires, 
solder, and tinned strips, due to tan- 
gential flux. (3) Normal hysteresis 
loss in band wires and strips due to 
tangential flux. (4) Additional hys- 
teresis losses due to displaced hysteresis 
loops. (5) Additional armature tooth 
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loss (eddy currents) due to the damp- 
ing out of the flux by the bands in the 
region of the pole tips, thus producing 
flux across the laminations, which may 
result in extra eddy current losses. 

Mr. Spooner also gives the following 
factors as affecting band losses: (a) 
Width of bands; (b) Width of teeth at 
air gap; (c) Size of band wires; (d) 
Amount of solder used; (e) Dimensions 
of tinned strips and clips; (f) Normal 
resistivity of wire, solder, and tinned 
strips; (g)Temperature of bands; (h) 
Frequency; (i) Induction, in both teeth 
and bands; (j) Field form; (k) Air 
gap; (l) Depth of band groove. 

From the above it may be seen that 
armature banding is not such a simple 
thing as it seems. Band temperatures 
may run up to 200 deg. C., or more, 
and band losses may amount to 2 or 3 
kw. under certain conditions. 

Returning to fundamentals, however, 
when a conductor which is part of a 
closed circuit cuts through a field of 
magnetic flux, a current is induced in 
it. The direction of the current is at 
right-angles to the direction of the flux 
and at right-angles to the direction of 
motion of the conductor. This relation- 
ship may be remembered by the right- 
hand rule. Extend the figures in the 
direction of the flux (out of a north 
pole or into a south pole) with the 
palm of the hand directed so that the 
movement of the conductor will bring 
it into the grasp. The induced current 
will be in the direction of the thumb 
when parallel to the conductor. 

It is by induction that the current 18 
set up in the coils of a generator. The 
relative movement between the flux and 
the conductor produces the flow. Ina 
d.c. generator the conductors move 
through the flux, but in an a.c. gen- 
erator the flux moves across the con- 
ductors; the result is the same in either 
case, as lines of magnetic force are cut 
by the conductor. As the conductor 
passes under a north pole the current 
flow will be in a given direction; then 
as the conductor moves under a south 
pole the current flow is in the reverse 
direction. This causes the generation 
of alternating current. 

Consider the rotor of a squirrel-cage 
motor. In it there are a number of 
conductors across the face of the core 
from end to end and embedded in slots. 
These are connected together by end 
rings which may be of low or high re- 
sistance depending upon the work for 
which the motor was designed. This 
motor operates because of the induced 
current in the rotor conductors, which 
sets up magnetic fields of flux which 
are linked with the conductors. 

L. T. M. has, in effect, constructed 
a squirrel-cage winding, with very high 
resistance rings, over the armature 
winding of his motor. Currents are 
induced in the copper strips and bands, 
which produce heating by ohmic re- 
sistance. Even if the bands were not 
connected together, there would be some 
losses due to this cause, as indicated 
in points (1) and (2), in the fore part 
of this discussion. For this reason the 
bands are made of wire instead of 
strap and they are usually made nar- 
row and insulated from each other. 

Points (3), (4), and (5) in the pre- 
ceding, cover losses due to reversing 
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magnetism setting up internal stresses 
in the steel parts, thus causing heating. 
Attempts have been made to use non- 
magnetic materials for banding but no 
satisfactory results have been obtained 
because of the strength required of the 
bands. 

Armature bands must be kept from 
contact with the armature core. When 
coils or wedges are not high enough to 
do this, insulation should be put under 
the bands; otherwise, closed circuits 
will be formed by the rings, lamina- 
tions of the core, and the armature 
shaft. 

The bands should not be connected 
together for the reasons set forth in 
the preceding. It is believed that if 
the coils are properly placed in the 
slots and the bands wound on with 
sufficient tension on the banding wire, 
there will be no slipping of the bands 
in the operation of the motor. 


Electrical Engineer, D. W. BLAKESLEE. 
Jones & Laughlin Steel Corporation, 
Pittsburgh, Pa. 
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In reply to the question by L. T. M., 
the heating of the copper ties is caused 
by heavy induced current. These ties 
in conjunction with the band act as a 
shorted coil of one turn and low re— 
sistance, with a consequent heavy cur- 
rent flowing through it. 

To prevent this induced current, the 
copper ties can be placed at points 
around the armature where they will 
be under like poles at the same instant, 
with the result that little or no voltage 
will be induced. 

In a four-pole machine we are lim- 
ited to two ties, in a six-pole machine, 
three ties, and so on. The number of 
ties equals the number of poles divided 
by two, and must be spaced accurately 
to obtain the desired results. 
Brooklyn, N. Y. MICHAEL REUTER. 


R W X * 


In a recent issue L. T. M. asks how 
to remedy some trouble he is having 
with armature bands heating on a 220- 
volt, direct- current motor. One of the 
causes of this kind of trouble is that 
the armature bands are not insulated 
from the core of the armature. L. T. M. 
writes that they are insulated from the 
winding, but that in itself is not 
enough, for the band must also be insu- 
lated from the core. We frequently run 
into this kind of trouble in a shop that 
I operate and always correct it by insu- 
lating the band from the core. 

There is also another source that 
may cause the trouble L. T. M. is ex- 
periencing. He probably knows that 
the way current is generated is to re- 
volve a copper wire at right angles to 
lines of force in a magnetic field. It 
is not necessary that the wire be in the 
slots of the armature, for the current 
would be generated if the armature 
coils were fastened to the outside of 
the armature. It is also known that 
if an armature coil is wound through 
the slots of an armature and the ends 
of the coil tied together, the coil will 
heat and burn the insulation. 

What L. T. M?s armature winder 
does when he ties the bands together, 
is to put on the outside of the core of 
the armature a copper wire, or rather 
five of them, that cut lines of force in 
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a magnetic field which causes a cur- 
rent to flow through them. The band 
wire completes the circuit through the 
copper tie strips. The current induced 
in these strips causes them to heat and 
melt the solder on the bands. To cor- 
rect the trouble that he is experiencing, 
he will have to insulate the copper tie 
strips from the banding wire. 

Norton, Va. WILLIAM HANKS. 
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Answering L. T. M.’s question, I 
would say that the reason the banding 
wire on the armature heats up is on 
account of the strips of copper being 
parallel to the armature coils. When 
the armature is rotating, these strips 
of copper are cutting lines of force 
the same as the armature coils, and 
since these strips are connected to- 
gether by means of the core band, a 
path is made for the induced current 
to flow and thereby cause the tie strips 
of copper and the core band to heat 

If L. T. M. would fasten the strips 
of copper from the end band to the 
first core band and not to all of the 
five bands, I have no doubt that he will 
not have any more trouble from hot 


band wires. CHARLES H. McCSPERRITT. 
Newark, N. J. 
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Not knowing the horsepower and 
revolutions per minute of L. T. M.’s 
motor, about the quickest way to 
remedy his trouble is to use a non- 
magnetic banding wire, such as bronze 
or piano wire. If he cannot get this 
kind of wire, he can successfully use 
steel banding wire even though it is a 
magnetic material. He can overcome 
the heating due to magnetic action by 
using as few turns of banding wire as 
the speed and size of the armature will 
permit. With a total of five bands, the 
core bands should not be connected 
together with strips; however, the end 
core bands can be connected with a 
clip to the end coil bands. 

Ninety per cent of all band failures 
are due to loose bands from poor sol- 
dering, from too wide a band on the 
core, and from end coil bands not being 
put on properly. The end coil bands 
whenever possible should be located in 
a hollowed-out position or sort of 
valley in the middle of the coil ends. 
End coil bands should be kept as far 
away from the core as possible in order 
to secure the best results. The larger 
the size of the banding wire the better, 
but make sure that the core bands are 
not too wide or too heavy. 

A way of getting around the heating 
of bands is to separate the individual 
wires by putting a piece of cord be- 
tween each turn of band wire. The 
result is that a band is wound on 
having each alternate turn made of 
cord. Now remove the cord and pull 
the wires together only at the clips and 
solder them well. 

Always remember that a band should 
never be grounded to the windings of 
the armature. 


Newark, N. J. SAMUEL CARBAT. 
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Answering L. T. M. there are prob- 
ably two reasons why the bands on 
the armature in question heat up. 
The first and most important reason 
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is that since the copper strips lie 
parallel to the armature conductors, a 
current of low voltage and high amper- 
age is induced therein. The circuit is 
closed through the bands, making sev- 
eral parallel circuits. The other rea- 
son is due to eddy currents being set 
up in the first band next to the core 
due to the radial (magnetic) flux be- 
tween poles. While usually this is not 
considered very seriously it may have 
quite an appreciable value due to the 
manner in which the bands are tied 
together in this particular instance. 

There are three ways of overcoming 
the trouble. The first is to put the 
usual steel band at the end of the core 
and start a string band (we use seine 
twine) at the small end of the winding, 
making a solid band nearly up to the 
steel band. If trouble is experienced 
in starting the band, a few turns of 
friction tape may be put on at the 
starting point in such a manner as 
to make a flat place for the start. The 
string should be well saturated with 
varnish after it is put on, two coats 
usually being required. A second 
method is to build up two flat places 
about % in. or 1 in. wide on the slant- 
ing ‘surface, with friction tape and 
heavy fish paper, these being held from 
slipping by strips brought from the 
top band in the same manner as 
L. T. M. used on his bands. Note that 
the strips are used only to keep the 
built-up material from slipping and 
must be insulated from the bands them- 
selves. A third method is to build up 
the space under the leads with suit- 
able material so that when the leads 
are laid they will lie nearly parallel 
with the axis of the armature for a 
length sufficient for proper banding. 
Obviously the latter method is not 
practicable except when the armature 
is being rewound. 

We use the first method on one type 
of armature; it makes a fairly neat 
looking job and if the string band is 
well saturated with varnish and dried, 
it will properly hold the conductors 
and the band will not come off. 

A quick-drying, emergency compound 
for saturating the string band may be 
made by dissolving powdered rosin in 
alcohol, using an old egg beater for 
mixing. The alcohol can be evaporated 
in a few minutes by an air blast after 
which heat should be applied for about 
% hr. with a space heater or other- 
wise; the rosin will harden as the 
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armature cools. L. T. M. asks what 
causes the current to flow in the bands. 
This is caused by induction in the 
same manner as the secondary winding 
of a transformer is energized by the 
primary, the current in the armature 
conductors being, of course, alternat- 
ing. Briefly the action is as follows: 
When an alternating current passes 
along a conductor it sets up a magnetic 
flux around it which increases in value. 
A good analogy of this is the expan- 
sion and contraction of the hairspring 
in a watch or an alarm clock. This 
flux encircles any other conductor in 
the immediate vicinity, passing by it 
first in one direction and then the 
other, thereby setting up an induced 
electromotive force therein. This elec- 
tromotive force causes a current to 
flow through the closed circuit that 
L. T. M. has provided by tying the 
bands together with copper strips. 
This current causes the heat that he 
is seeking a remedy for. 

A more complete description of how 
voltages are induced as described in 
the foregoing, may be found in “Ele- 
ments of Electricity” by Timbie and 
“Lessons in Practical Electricity” by 


Swoop. CHESTER A. WILLIAMS. 
Electrical Dept., 

Providence Gas Co., 

Providence, R. I. 
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Laying Out Electric Repair Shop for 
Steel Plant.— We are planning to build 
a new shop for doing our electric re- 
pair work. This shop will handle the 
necessary repairs on motors and con- 
trol in a steel plant having about 1,000 
modern motors both a. c. and d. c. 
During normal operation 14 men are 
required in the shop. Naturally the 
shop will have a coil-winding section; 
so provision must be made for winding 
equipment and supplies. In addition 
there will be a lathe, insulation cut- 
ting shear, baking oven, armature 
press, test rack and other shop equip- 
ment. I would like to obtain the views 
of readers as to what would be the 
most practical layout of a repair shop 
for this class of work. Possibly they 
have found certain arrangements of 
repair shop equipment that have pro- 
duced money-saving results. 

Indiana Harbor, Ind. A. R. D. 


In answer to the question by A. R. D., 
I would like to offer the accompanying 
sketch of a shop layout, which com- 
bines the best points of several repair 
shops that I have seen. In this sketch 
the dotted line is a partition which may 
or may not be put in, according to the 
ideas of the management. I believe, 
however, that it will pay to put it in 
because of the fact that each depart- 
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ment is thereby isolated and the dis- 
tractions due to testing will not affect 
any other department. 

A in the sketch represents a bench 
vise, four of which are shown; of 
course, it is not absolutely necessary to 
have this number, but they will save 
time, when installed at the positions 
shown. B is a small testing board 
which consists of a buzzer with series 
test leads; four pony receptacles, wired 
series-multiple; and series-test leads 
for testing d.c. armatures with a tele- 
phone receiver, if this method is to be 
used. All high-voltage tests will be 
made at the main test board which 
should be arranged so that 5,000 volts 
a.c. may be obtained for ground tests 
on 2,200-volt equipment. Likewise, a.c. 
and d.c. voltages should be on the board 
to test motors used or repaired in the 
plant. A large growler should be sus- 
pended overhead for testing d.c. arma- 
tures for shorts and partial shorts. 
The emery wheel stand and bench for 
supporting the furnace for heating 
soldering irons are shown in a central 
location. E is an insulation rack in 
front of which is the insulation shear 
(note that this shear is in the supply 
room). A man or boy should be in 
charge of this supply room, who is 
capable of cutting insulation to winders’ 
measurements and the cutting waste 
should be used on small jobs. This 
man can, in his spare time, also lay in 
a stock of insulation cut to the sizes 
most frequently used. G indicates tap- 
ing machines for coils. 

A monorail, shown here in dotted 
lines, with two 1-ton blocks will be 
necessary. It will be advisable to put 
a switch in this monorail, as shown at 
J. K is an outer door which should be 
able to accommodate with plenty of 
clearance, the largest apparatus which 
has to be repaired. L is a small door 
in the coil department for the con- 
venience of the men who strip and clean 
coils that are to be rewound. Small 
stators can also be burned out con- 
veniently in this part of the shop. One 
or more racks should be provided for 
coils that are to be dipped. These coils 
can be handled by the chain block on 
the press monorail and shunted to the 
main monorail by aid of another block. 
The band wire is racked behind the 
lathe entirely out of the way. Unless 
the lathe is reversible, one or more 
rollers will be necessary on the apron 
to bring the wire to the front for 
banding. 

The shop should be well lighted, 
warm in winter and as cool as possible 
in summer. Winding is tedious work 
under the best of conditions and the 
nearer ideal conditions are obtained, 
the greater the capacity of the work- 
men. Six armature racks are shown, 
which should have rollers about 4 in. 
in diameter and should be adjustable 
as to length. One or more heavy tables 
should also be provided for supporting 
stators while being rewound. 


GRADY H. EMERSON. 
Birmingham, Ala. 


Due to the convenient arrangement 
of equipment, this electric shop 
layout will save time of workmen 
and speed up repair operations. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The ttems may 


refer to inspection, overhauling, testing, and emergency or special installations. 


Saving Made by 
Elimination of Lightly Loaded 


Transformer Bank 


OR industrial plants which generate 

their own power during the day, and 
purchase auxiliary power for night 
lighting or occasional motor use, it is 
advisable from an economic standpoint 
to have the motors that are used at 
night of the same voltage as that of 
the central station supply, as will be 
illustrated in the following example. 

The power supply of a certain large 
industrial plant was as shown in the 
accompanying diagram. Generators 
1 and 2 were both rated 220 volts, 
three-phase, while generator & was a 
440-volt, three-phase machine. The 
connected plant load consisted princi- 
pally of 220- and 440-volt motors. 
This arrangement was the result of 
combining old and new equipment and 
was designed with the idea of ulti- 
mately changing entirely to 440-volt 
service. 

It was found necessary on certain 
work to operate a 40-hp., 220-volt 
motor for 14 hr. each night over a 
period of several years. This necessi- 
tated operating one of the 220-volt 
generators at night or using purchased 
power which was already in use in the 
plant. Naturally it was much cheaper 
to use the purchased power, however 
this power was supplied at 440 volts 
and since the motor was rated at 220 
volts, using purchased power necessi- 
tated switching in the 1,000-kva. trans- 
former bank normally used for chang- 
ing the voltage from 440 to 220. 

Through the use of an indicating 
wattmeter on the central station power 
feeder, it was found that at very light 
loads the transformer bank had an 
excitation load of 16 kw. This repre- 
sented a waste of power that could 


The 40-hp., 220-volt motor was re- 
connected for 440 volts and fed 
from the 440-volt bus, thereby 
eliminating the transformer bank. 


be avoided by the use of a 440-volt 
motor, as it would then not be neces- 
sary to use the transformer bank at 
night. 

Accordingly, the connection of the 
stator coils was changed from parallel 
to series, and the motor cables were 
tapped onto the 440-volt feeder. 

The saving made possible by elimina- 
tion of the use of the transformers was 
16X14X0.031 (cost per kw.) X300, or 
$2,082 per year. The labor and ma- 
terial cost for reconnecting the motor 
was approximately $65. A better 
power factor was obtained and the line 
losses between the motor and switch- 
board were also decreased somewhat. 
Jersey City, N. J. E. A. BAERER. 
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| Loss of Torque in 
Changing Squirrel-Cage Motor 
to Wound Rotor Design 


| E ONE power plant a KTR, 30-hp. 
motor was used to operate a coal 
hoist. It was desired to change this 
over to a slip-ring motor by using a 
new rotor, and obtain the same maxi- 
mum torque value. A high- resistance 
motor like the KTR has a secondary re- 
sistance of such value that its starting 
torque is very nearly equal to its maxi- 
mum torque and the speed-torque char- 
acteristics are similar to curve A in the 
diagram. Any decrease in the rotor re- 
sistance would decrease the starting 
torque, although the maximum torque 
would remain the same. Such a con- 
dition is shown by curve B. 

It might be expected that the new, 
low-resistance, slip-ring rotor would 
give a torque similar to curve B. By 
inserting the proper value of resistance 
in the motor secondary one might as- 
sume that a torque curve such as E, 
would be obtained, which would be 
practically identical with curve A. 
The only differencé would be that in 
curve A the secondary resistance is 
contained in the high-resistance rotor 
of the squirrel-cage motor and in curve 
E the resistance is external to the 
motor, being contained in the resist- 
ance boxes of the slip-ring motor. This 
is a natural assumption because the 
maximum torque of an induction motor 
is independent of the secondary resist- 
ance. The starting torque varies only 
with changes in the secondary resist- 
ance, irrespective of whether this re- 
sistance is internal or external to the 
secondary winding of the motor. 

As a matter of fact, the basic curve 
obtained with the low-resistance, slip- 
ring motor is shown at C. Inserting 
the proper amount of resistance in the 


secondary gives a maximum starting 
torque, as indicated by curve D, which 
is considerably less than indicated by 
curve B. The reasons for this will be 
explained. 

First, the squirrel-cage rotor has its 
rotor bars short-circuited by end rings, 
whereas the wound rotor has end con- 
nections which cause self inductance. 

Second, the construction of the 
squirrel-cage rotor is such that the 
minimum possible air gap is main- 
tained, whereas the wound-rotor wind- 
ing is imbedded in the rotor iron and 
the air gap is increased due to the 
presence of insulation and wedges. The 
net result is that there is a considerable 
decrease in the flux of the motor. De- 
creasing the flux of an induction motor 
decreases the maximum torque obtain- 
able as is indicated by curves C and D. 
In order to obtain a torque more nearly 
equal to curve A, it would be necessary 
to rewind the stator with a winding 
having lower losses, which would in- 
crease the flux. Rewinding of the 
stator would improve the torque char- 
acteristics to a certain extent, but 
would not bring the maximum torque 
up to the original value obtained with 
the squirrel-cage rotor, due to the in- 
herent characteristics of the wound 


m. 


R 


characteristics of 
high-resistance squirrel-cage motor, 
and wound-rotor motor with resist- 
ance added to secondary winding. 


The speed-torque curve of a high- 


Speed-torque 


resistance, squirrel-cage motor is 
shown at A. The effect of decreas- 
ing the squirrel-cage rotor resist- 
ance is shown in curve B. C is the 
basic curve of a low-resistance, slip- 
ring motor, and D is the curve ob- 
tained after inserting resistance in 
the secondary circuit. Curve E rep- 
resents the speed- torque values 
which it might erroneously be as- 
sumed could be obtained by adding 
the proper amount of resistance in 
the secondary of the slip-ring motor. 


April, 1926 


rotor as was previously mentioned. 

It should also be noted that the 
starting torque of a wound-rotor motor 
will be less than that of a squirrel-cage 
motor because of the positional factor. 
Also, due to the bars of a squirrel- 
cage motor being short-circuited, the 
torque at one position of the rotor will 
be practically the same as at any other 
position. If torque is an important 
consideration when it is desired to 
change a squirrel-cage motor to a slip- 
ring motor by changing rotors, it is 
important that the new torque charac- 
teristics be checked by the designing 
engineers of the company which manu- 
factures the motor in question. 

R. F. EMERSON. 

Industrial Engineering Dept., 


General Electric Co., 
Schenectady, N. Y 


Method of 
Replacing Motor Collector Ring 
Under Difficulties 


HE AIR compressor shown in the 

illustration has been in service 
four years, and is driven by a 200-hp., 
three-phase, 60-cycle, 2,300-volt, 250- 
r.p.m., synchronous-type motor with 
125-volt excitation. The rotor shaft 
of the motor carries the flywheel and 
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pulley for the belted exciter, the col- 
lector rings and the eccentric arms, all 
on the same end. The collector rings 
on the rotor are of the solid type and 
are bolted on the spider by projecting 
bolts at three points on each ring. 
These rings are made of cast iron, 
chilled on the wearing surface. 

About six months ago the inside ring 
on this compressor motor developed 
several flat spots. We tried every 
means of grinding the ring by using a 
portable grinder with carborundum 
wheels and several makes of hand 
stones which were guaranteed to cut 
chilled, cast iron, but failed to do so in 
this case. We tried a cutting tool on 
this ring and belted the rotor to a 
variable-speed motor so that various 
cutting speeds could be obtained, but 
the tool failed to cut this ring at any 
speed available. Of course, we were 


This shows, A, dimensions of brass 
collector ring, with location of bolt 
holes for joints and, B, ring mount- 
ed on steel plate which served as 
templet after ring was cut in two. 
The problem of replacing a col- 
lector ring on this air compressor 
motor, without dismantling the 
outfit, was solved by installing a 
split, brass ring. 
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handicapped from the beginning be- 
cause of the small space available, as 
can be noted in the illustration. 

It was decided that the ring had to 
be taken out, but operations would not 
permit shutting down the motor long 
enough to remove the rotor; besides 
there was no lathe in this vicinity large 
enough to swing a rotor of this diam- 
eter. In addition to this, the flywheel 
pulley and eccentric arms would have 
to be pressed off the rotor shaft. We 
consulted the manufacturer of this 
motor about purchasing split rings, 
hoping to be able to install them with- 
out removing the rotor. The manufac- 
turer advised that the design would 
not allow sufficient space for the usual 
type of split joint because of inter- 
ference from the projecting spider 
bolts. So we decided to purchase from 
the manufacturer a solid brass ring 
made from the original pattern pre- 
viously used for the cast-iron rings, 
and after receiving it we proceeded to 
cut joints in it. The dimensions of the 
ring are shown in A of the illustration. 

The ring was first bolted to a piece 
of -in. steel plate and joint bolt 
holes drilled, as shown in B. We then 
removed the ring from the steel plate 
and sawed diagonal joints in it, as 
shown, after which we mounted the 
ring on the plate again and added 
sufficient fillers to the joints to bring 
the outside diameter to the original 
size. Next we removed the good cast- 
iron ring on the compressor motor 
from its spider and placed it to one 
side on the shaft. After this we 
wrecked the old cast-iron ring with a 
hammer, installed the new brass ring 
and put the good cast-iron ring in 
place again. We found that the brass 
ring was out of round not quite 1/32 
in. It was a small matter to grind the 
ring true at the normal speed of the 
motor, with either the hand stones or 
grinding wheels available. The job 
was completed in about 6 hr. and the 
compressor was put back on the line 
immediately. To date, the new ring 
has given perfect satisfaction. 


Chief Electrician, J. S. MuRRAY. 
Follansbee Bros. Co., 
Toronto, Ohio. 
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Factors That Affect 
Safe Current Carrying Capacity 
of Copper Wire 


HE proper size of wire to use for 

any current value is decided after 
consideration of at least one of three 
factors. These three factors are: the 
voltage drop in the wire, the value of 
the power lost in the wire, and the tem- 
perature rise because of this power 
loss. The first two of these items will 
vary directly as the resistance of the 
wire, but temperature rise depends not 
only upon the resistance, but also upon 
the ability of the wire to dissipate the 
heat that is generated within it. 

The resistance of two wires, if they 
are made from metal of the same spe- 
cific conductivity will vary inversely as 
their cross-section area. However, the 
ability to radiate heat will depend to a 
great extent upon the surface area 
which will vary as the circumference 
for wires of the same length. The cross- 
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section area of wire will vary as the 
square of its diameter, while the cir- 
cumference varies directly with the 
diameter. Therefore, the radiating sur- 
face does not increase nearly as fast as 
the cross-section area and for this rea- 
son large wires cannot carry the same 
ratio of current in proportion to their 
circ. mil area as smaller ones. 

An example of this decrease in the 
safe current carrying capacity as the 
wires become larger, may be found in 
a table prepared by the National Board 
of Fire Underwriters. According to 
this table, No. 14 wire with an area of 
4,000 circ. mils has a carrying capacity 
wf 15 amp. for rubber insulation, 18 
ump. for varnished cloth and 20 amp. 
for all other insulation. This gives an 
average between 4 and 5 amp. per 1,000 
circ. mils. For a wire area of 2,000,000 
circ. mils, the carrying capacity aver- 
ages around 1,300 amp., or has de- 
creased to less than % amp. per 1,000 
circ. mil for the different insulated 
wires of this size. 

Many electricians judge the safe-cur- 
rent-carrying capacity of a cable by the 
current density, that is, the number of 
amperes per 1,000 or per 1,000,000 circ. 
mils. As may be seen from the exam- 
ple given above, this is poor practice, 
since the safe current density decreases 
with the size of the wire. 

G. H. McKELWay. 
Westfield, New Jersey. 


Method of 
Checking Alignment of Bridge 
on Traveling Crane 


T PERMIT smooth operation, the 
track wheels on the bridge of a 
traveling crane and, in particular, the 
driving track wheels, must sit squarely 
with the rails. If the wheels are out 
of line with the rails, excessive binding 
will occur at the wheel flanges which 
will cause undue wear and may result 
in breakage of the wheels. 

To maintain proper alignment, the 
drive wheels must be of the same diam- 
eter. One-eighth inch difference in 
diameter of two wheels driven from a 
common shaft will cause one side of 
the crane to advance more than % in. 
for each revolution of the drive wheels. 
Considering a 2-ft. wheel, this means 
an advance of 6% in. in 100 ft. of 
travel. In other words, with this dif- 
ference in diameter between two 
wheels, one side of the crane will 
travel one-half of one per cent further 
than the other. 

The diameter of all driving wheels 
on cranes should be frequently checked. 
On account of the limited room for 
measuring this diameter, it will usually 
be found most convenient to measure 


For correct alignment, a line con- 
necting the end bumpers should be 
at right angles to the rails. 


By means of carpenters’ squares 
and plumb bobs the span width AB 
is laid out on the floor, as shown at 
Ai and Bi. Likewise, a distance 
equal to the span width is laid out 
on the rails at A to C, or as shown 
on the floor between Ai and Ci. For 
the angle at A1 to be a right angle 
the distance between Ci and Bi must 
be equal to the span width times 
the constant 1.4142. 


INDUSTRIAL ENGINEER 


the circumference of the wheel by 
putting a steel tape around it. The cir- 
cumferences of the wheels may thereby 
be directly compared. This is really 
more accurate than comparing the 
diameters of the different wheels. 

Drive wheels found to have slightly 
different diameters must be replaced. 
We always match up our drive wheels 
in pairs, and consequently install them 
in pairs. Also, all new wheels are pur- 
chased in pairs. All wheels removed 
are checked for actual diameter, flat 
spots, and similar evidences of wear. 
Wheels with flat spots requiring the 
removal of ys in. to % in. of material 
to bring them back to round, are 
ground. It costs us about $6 to re- 
move % in. of metal. The chill is usable 
for about 4 in.; so we are usually able 
to grind off up to % in. without going 
beyond the chilled surface on the wheel 
tread. Wheels are ground to match 
some other wheel if possible. Un- 
matched wheels are used for idlers. 

Another common cause of misalign- 
ment, is from the slipping of the wheels 
in operation, due particularly to rapid 
deceleration and acceleration of the 
crane bridge. The crane should occa- 
sionally be run against the end bump- 
ers to bring it back to square. How- 
ever, to obtain any benefit from this, 
the bumpers must be kept rigid and 
carefully aligned so as to bring the 
crane bridge at right angles to the 
crane runway. 

For checking the alignment of the 
bumpers, we have used the following 
method with very good results. Plumb 
bobs are dropped from each of the 
bumpers to the floor, as shown at A 
and at B in the accompanying illustra- 
tion. Inasmuch as the rails on the run- 
way prevent dropping the plumb bobs 
directly from the bumpers, a carpen- 
ter’s square is placed against the 
bumpers and the plumb bobs dropped 
from the corner of the square as shown 
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in the illustration. The distance from 
the center of the rail to the end of the 
square should be the same in every case 
where the square is used. In other 
words, the distance from the center of 
the rail to point A should be the same 
as the distance from the center of the 
other rail to point B; likewise, it should 
also equal the distance from the center 
of the first rail to point C. This will 
locate the points A,, and B, on the floor 
beneath the crane runway. This dis- 
tance is equal to the distance between 
the centers of the rails and is known as 
the span width. Now from the end of 
the bumper at the left, as shown in the 
illustration, measure down the rail a 
distance equal to the span width, as 
shown at C. By use of a square, drop 
a plumb bob from this point to the floor 
as at Ci. 

We now have an isosceles tri- 
angle laid out on the floor as at C., As 
B.. If the angle at A; is a right angle 
then the bumpers are so placed as to 
bring the crane bridge to a right angle 
to the track runway; in other words, 
the end bumpers are properly aligned. 
If the angle at A, is a right angle, the 
distance from Ci to B, will be equal to 
the span width multiplied by the square 
root of 2, or multiplied by 1.4142. 

If this distance does not check, the 
point B. should be moved until it is at 
a distance from C. equal to the span 
width multiplied by the square root of 
2, and also at a distance from A; equal 
to the span width. The new B, may 
now be projected up to the end bumper 
above it by means of a plumb bob, and 
the end bumper moved until it is in 
alignment. : 

This method may sound very compli- 
cated, but when it is actually tried out, 
it will be found to be very simple and 
the results obtained will be well worth 
while. R. N. VINING. 


Electrical Engineer, 


Detroit Seamless Steel Tubes Co., 
Detroit, Mich. 
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Mechanical maintenance of 


Power Drives 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Set of Wedges for Driving 
-Pinion from Shaft 


HE accompanying sketches show a 

set of wedges which I have used 
for driving off motor pinions where the 
space between the bearing and the 
pinion is too small to permit the use 
of a puller or a key-drift. These 
wedges consist of a flat steel plate with 
an opening as shown. A set consists 
of several wedges of the form shown 
as A and one tapering wedge B used 
for starting. All of these are of the 
same thickness. The tapered wedge B 
is driven in the full distance, removed, 
a straight wedge of the form A insert- 
ed, and the wedge B again driven in. 
Or, if preferred, a puller may be used 
after the pinion is started. 


The set of wedges, A and B, are 
used to drive off motor pinions 
when they are very close to the 
bearing. The washer, C, is used 
to reinforce paper pulleys before 
using a puller or these wedges. 


The wedges for use on a 25-hp. motor 
were made from a piece of steel 5 in. 
square and % in. thick. This set is 
shown in the sketch. Wedges of pro- 
portionate size would be used on smal- 
ler shafts. With these wedges, the 
Pinion on a 25-hp. motor was removed 
in a few minutes, although it had for 
several hours resisted all efforts to re- 
move it by other means. 

Another difficult problem is the re- 
moval of very tight paper pulleys by 


a puller, as the strain may loosen the 
fibrous body of the pulley from the 
hub. By using a slotted washer C 
against the end of the hub of the pulley 
to bring it flush with the edge, the 
strain is taken off the body of the 
pulley and transmitted to the hub. 
With this washer, either the wedges or 
a puller may be used on paper pulleys. 
E. E. G. ROBERTS. 


Southern Manganese Corp., 
Anniston, Ala. 
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Easy Method of Aligning 
Parallel Shafts 


NE method which I have found con- 

venient for aligning parallel shafts 
such as a lineshaft and a countershaft 
or jackshaft, is shown in the accom- 
panying sketch. This device consists 
of a length of 2-in. by 2-in. lumber, 
which has been dressed on all four 
sides for convenience in handling and 
marking, and a short length of 2-in. 
by 2-in. angle iron, fastened to it to 
form a T as shown. The inner faces 
of the angle iron must be free from 
rough rust spots or dirt which would 
prevent it from fitting snugly against 
the shaft. Also, the stick should be 
mounted so that it is at right angles 
with the angle of the iron. 

Wherever, it is possible to get at the 
ends of the countershaft or jackshaft, 
the angle iron is laid in place against 
the mainshaft as shown in the sketch, 
and the distance from the center or 
circumference of the countershaft or 
jackshaft is marked on the stick. This 
is repeated at the other end of the 
shaft and the distance between the two 


This easily-made device is used to 
check alignment of countershafts 
or jackshafts. 


The short length of angle iron gives 
a firm footing against the main 
shaft. The difference in the distances 
to the two ends of the parallel 
shafts indicates the amount of 
misalignment. 


marks indicates the amount that the 
shaft is out of parallel. Correction for 
misalignment can be made with the ad- 
justing screws at either or both ends 
of the shaft and the alignment again 
checked. 

If the end of the countershaft or 
jackshaft is inaccessible, such as when 
it is in a bearing, the angle iron is 
laid against the main shaft as before, 
but the stick is placed across the top 
of the countershaft or jackshaft. The 
base of a carpenters’ try-square is 
placed on the stick with the blade ex- 
tending downward and pushed along 
until the blade comes in contact with 
the circumference of the countershaft. 
The position of the blade of the square 
is then marked on the stick and this 
line is compared with a similar line 
obtained at the other end of the coun- 
tershaft. The difference between these 
line indicates how much it is out of 
alignment. 

Before checking these alignments, 
the countershaft should, of course, be 
levelled. It is preferable to make 
these tests as near to the ends of the 
countershaft as possible, so as to get 
the greatest length possible between 
the checks. 

This method has many advantages 
over attempting to use a string or 
laying a stick across the top of the 
two shafts and measuring with a try- 
square. The piece of angle iron need 
be only a few inches long and it is 
usually possible to find enough space 
on the main shaft free from pulleys to 
make these measurements. 


MAURICE C. COCKSHOTT. 
Hollywood, Calif. 
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Estimating 
Horsepower Transmitted by 
Lineshafting 


N LAYING out lineshaft installations 
it is frequently desirable to make 

computations for different speeds and 
different sizes of shafting. Although 
this may be computed in each case, it 
is easier to determine the various 
capacities and ratings of different 
sizes of shafts at various speeds by 
the use of the accompanying chart. 
This chart was designed according to 
the following formula: 

Diameter S VI (hp. X 80) = r. p. m. ]. 
This is a standard formula for deter- 
mining the size of a lineshaft and 
applies only for standard construction 
where hangers are spaced on 8-ft. 
centers. The constant, 80, takes into 
account the installation of an ordinary 
number of pulleys driving machines 
and spaced within the 8-ft. centers. 
The main driving pulley should, of 
course, be on a section of shaft with 
the hangers placed closer together. 
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With this chart, horsepower trans- 
mitted, diameter of the shaft in inches, 
or speed of the. shaft, may be deter- 
mined if any two of the factors are 
known. 

The scale on the left, horsepower to 
be transmitted, has values ranging from 
1 hp. to 1,000 hp. The center scale, 
diameter of shaft in inches, is grad- 
uated in the more common sizes of 
shafts used. The right-hand scale 
gives the speed of the shaft in revolu- 
tions per minute, over a range of 50 
r.p.m. to 1,000 r.p.m. 

The chart is used as follows: Place 
a straight-edge across the chart on the 
two known values, such as the horse- 
power and speed; and the intersection 
of the straight-edge and the center 
scale will give the size of shaft to 
use for the given conditions. Ob- 
viously, if any two values are known 
the third may be found by placing the 
straight-edge on the two known quali- 
ties. The intersection of the straight- 
edge and the third scale is the unknown 
quantity. CHAS. F. CAMERON. 


Rock Springs, Wyo. 
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This chart is used for determining the 
horsepower transmitted by steel lineshafting 
when spaced on 8-ft. centers.  } 600 


The method of using this chart is best ex- 
plained in connection with an example, such 
as determining the diameter of shaft which 700 
will transmit 150 hp. at 200 r.p.m. To deter- 
mine this, place the straight-edge on 200 
r.p.m. on the right-hand scale and on 150 


hp. on the left-hand scale. 


Read the value 800 


on the center scale at the intersection with 
the straight-edge. A 3 15/16-in. steel shaft- 900 
ing may be used under the given conditions. 


1000 
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Selecting Proper Babbitt for 
Armature Bearings 


ABBITT metals may be divided 

into lead-base and tin-base metals. 
The former finds far wider application 
on electric motors, as it is somewhat 
cheaper and gives very satisfactory 
service. The friction co-efficient is 
somewhat lower for lead-base babbitt, 
which is not quite so hard as tin-base 
babbitt. For general-purpose motors 
in coupled, belted, and ordinary geared 
service, the results are very satisfac- 
tory. Where very high speeds are en- 
countered, tin-base babbitt is preferred, 
n account of its lesser tendency to 
“gall” or wipe. 

Lead-base babbitt must be handled 
with great care; it has been found that 
the best temperature for handling this 
babbitt is around 460 to 490 deg. C. 
(860 to 914 deg. F.). If handled at 
temperatures much below the low point, 
segregation is likely to occur; if han- 
dled at higher temperatures and ex- 
posed to them for a considerable length 
of time, oxidation will occur and the 
metal may be ruined. 

On motors used for severe service 
where vibrations are not only severe, 
but of a hammer-blow nature, it is 
preferable to use a bronze shell, tinned, 
and lined with babbitt, about 1/32 in. 
thick. The bronze is used for the pur- 
pose of insuring proper amalgamation, 
the babbitt being virtually soldered 
into place. With only a thin layer of 
babbitt, there is not much tendency for 
it to pound out of shape, as it is sup- 
ported by the harder bronze. 

Bronze shells without babbitt are not 
used to any great extent on electric 
motors. Bronze has a higher co-efficient 
of friction and expansion, requiring a 
larger bearing clearance than is 
for babbitt. The higher friction co- 
efficient causes greater heat develop- 
ment and if the running clearance is 
held too small, it may happen that the 
bearing will be tight on the shaft and 
rotate with it in the housing. If the 
housing is strong enough to prevent ex- 
pansion, the shell will be compressed 
and become tight on the shaft. On the 
other hand, expansion may break the 
housing. 

The babbitt-lined, bronze shell in- 
sures a lower co-efficient of friction and 
hence less heating. In some cases, it 
has been found sufficient to merely heat 
the bronze shell and tin the bearing 
surface. The shell is bored out to size 
and after tinning, a sizing reamer is 
pushed through in order to smooth off 
the bearing surface, which still retains 
the tin coating, showing that the tin 
has amalgamated with the bronze. 

This process has given good results, 
but the 1/32-in. thick coating mentioned 
before is better to use, since it has 
longer life. After all, the arrange- 
ment of oil grooves and provision for 
lubrication are very important factors 
in the life of a bearing, and have con- 
siderable influence upon its perform- 
ance. A high-grade babbitt may not 
always give satisfactory results if the 
bearing is incorrectly designed or 
neglected. R. PRUGER. 


Mechanical Engineer, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention ts given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contribution are always welcome. 


Simple Motor-Generator Set for 
Testing A. C. Motors 


FTENTIMES in repair shops in 

which only direct current is avail- 

able, it is necessary to test small single- 

and poly-phase motors after rewinding. 

The following information will be of 

help in solving the problem which is 
thus presented. 

The first step is to secure a three- 
phase, 60-cycle, 440-volt, a.c. generator 
which should be driven by a shunt- 
wound, d.c. motor. If the largest a.c. 
motor to be tested is of I-hp. rating, 
the motor that drives the generator 
should be of not less than 3-hp. rating 
at 1,800 r.p.m. This will give about 
1.4 hp. at 750 r.p.m., when testing 25- 
cycle machines. A 5- or 6-hp. motor 
would give more satisfactory results, 
because the set could then be used to 
test motors larger than 1-hp. rating at 
higher frequencies. A 1,500-r.p.m. 
motor, with a suitable resistance in the 


Wiring diagram of motor-gen- 
erator set for testing small a. c. 


motors. 

The desired testing frequency is 
readily obtained by means of the 
armature and field control which 
controls the speed of the shunt- 
wound driving motor. The voltage 
is regulated by the rotor field rheo- 
stat, and the three-pole, double- 
throw switch. When this switch is 
thrown to the right, the stator 
windings of the generator are con- 
nected in star; when the switch is 
thrown to the left, the windings are 
connected in delta. 


D. C. Supply 
Rotor field 


f rheostat, 
) Field and armature * 


A.C. 


„„ 


Generator 


00500000 


3 00000000 
Stator 


field circuit to raise the speed up to 
1,800 r.p.m., and an ordinary rheostat 
in series with the armature to reduce 
the speed below normal, may be used 
to drive the generator. 

The accompanying diagram shows 
how armature and field control rheo- 
stats can be worked by the same switch 
arm. A 3- or 5-hp., a.c. generator, 
would be large enough if the motors to 
be tested do not exceed 1-hp. rating, 
however, with larger generators the 
voltage regulation would be better 
under different loads. A _ three-pole, 
double-throw switch and a rheostat in 
the rotor field circuit should be used 
for controlling the voltage of the gen- 
erator, which should be wound for 440 
volts in order to deliver 220 volts at 
the low speed required for 25 cycles. 
As shown in the diagram, when the 
three-pole switch is thrown to the right 
the stator windings are connected in 
star, and when thrown to the left, in 
delta. 

The following table shows the volt- 
ages that can be obtained for testing, 
by varying the speed and winding con- 
nections of the generator. 


CONNEC- 

SPEED CYCLES TION VOLTS 
1,800 60 star 440 
1,800 60 delta 256 

750 25 star 220 
750 25 delta 127 


The voltages of 256 and 127 may be 
reduced to 220 and 110 volts respec- 
tively by regulating the field rheostat. 


A. C. Out put 


3 Pole, double 
tArow switch 


windings 


By adjusting the speed of the driving 
motor until the frequency meter shows 
the desired reading all frequencies from 
25 to 60 cycles may be obtained. If 
single-phase current is to be used it 
may be taken from any two of the three 
generator leads. A voltmeter is neces- 
sary to ascertain the correct voltage 
and a frequency meter should be used 
to show the frequency of the set. Three 
ammeters are shown in the accompany- 
ing diagram. These will be of con- 
siderable help in locating trouble in a 
motor under test. One ammeter could 
be used, but it would have to be 
switched from one phase to the other. 
I once had a set like this made from 
two old 10-hp., d.c. motors and it 
worked very satisfactorily. A squirrel- 
cage induction motor will also make a 
good generator, if another rotor is in- 


stalled in it. FRED LARSON. 
Duluth, Minn. 


Vital Factors in 
Selection of Ovens for Baking 
Coils and Armatures 


N A recent issue of INDUSTRIAL 

ENGINEER I noticed an answer to 
P. F. W. of Pedro Miguel, Canal Zone. 
His question was, “What shop equip- 
ment will be required here?” I read 
over this answer very carefully and 
found that when the author came to the 
oven recommendations he gave sizes 
and mentioned that the oven should be 
built of brick or some other insulating 
material; also that the oven might be 
electrically heated if gas was not avail- 
able, or that it might be fired by oil, 
or steam-heated. 

I take exception to some of the 
author’s statements and for the purpose 
of clearing up any misunderstandings 
which might arise I wish to call atten- 
tion to the following facts. 

An oven, to give good satisfaction, 
should not be constructed of brick, as 
brick and mortar absorb a great 
amount of heat, which is usually ex- 
pensive. From actual tests, a brick 
oven for even operation must have 
heating units of 30 per cent greater 
capacity than an oven of the double- 
wall type, with only 2 in. of insulation, 
this being made up of mineral wool, 85 
per cent magnesia block or other in- 
sulating material of equal value. 

It has taken us over twenty years to 
determine the correct amount of ven- 


. tilation for various sizes of ovens. 


Ventilation is one of the most im- 
portant features of an oven when it 
comes to baking coils and armatures, 
for if the ventilation is too great, 
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waste of heat will be the result and 
under ordinary circumstances the oven 
cannot be brought up to temperatures 
high enough to bake properly. If the 
ventilation is not thorough enough, the 
oven will act sluggishly and it will be 
impossible to bake properly, due to the 
re-circulation of the fumes which are 
being carried off by the ventilation. 
Ventilation must be arranged so as to 
draw the heated air down through the 
top of the oven. This is done by hav- 
ing ventilating ducts on the floor of the 
oven, which brings the heat downwards 
so as to effect uniform heating in all 
parts of the oven. There must be some 
top ventilation, as the bottom ventila- 
tion carries off only the heavy gases 
while the top ventilation will carry off 
all the light vapors. 

Another important point to consider 
in the ventilation of the oven is the 
fresh air ducts. Fresh air must be 
had for baking coils and armatures, 
due to the fact that varnish will not 
oxidize without it. This fresh air must 
be admitted uniformly and in the 
proper amounts to secure proper 
oxidation. 

The author states that the oven 
might be electrically heated if gas is 
not available. If I were to equip a 
shop similar to the one mentioned I 
would reverse his statement, for gas, 
oil, and steam should be used only 
when electricity is not available. The 
following are the reasons for this state- 
ment: The average period of bake on 
armatures of large cross-sectional area 
is from 12 to 16 hr., and the tempera- 
ture should be maintained within close 
limits. From our experience it is 
quite difficult to subject coils and arma- 
tures to a uniform temperature with a 
gas oven. 

We would not recommend oil-fired 
ovens under any circumstances, as we 
feel that it is folly to have a flame 
of high temperature and small area in 
any part of the oven. A flame of this 
character will promote uneven heating, 
as the oven will be very hot in some 
places and cold in others. We fre- 
quently have inquiries for oil-burning 
ovens for coil and armature baking and 
in every instance we explain to the 
customer the difficulties with this form 
of heat. 

The steam oven is not very practical, 
although it is used by large manufac- 
turers who have considerable quantities 
of superheated steam. This condition 
is not found in the small coil and 
armature shop and, therefore, a steam 


oven cannot be used unless a steam 


boiler of high pressure is installed. To 
heat the oven to 200 deg. F. it is 
necessary to have superheated steam 
at high pressure. Unfortunately, even 
large plants who use this system have 
found it almost impossible to keep their 
ovens up to the proper temperature. 
We are now building an oven for one 
of the largest users of small coils in 
the world, and we do not guarantee the 
oven, unless they guarantee the steam 
pressure which we specify. 

In taking up the subject of coil and 
armature baking it has been the 
writer’s intention to promote a better 
understanding of oven requirements 
and it is for this reason that I called 
attention to the above factors. I feel 
that the average coil and armature 
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shop does not understand what an oven 
should be capable of doing in order to 
turn out the work properly. I wish 
to see better conditions in this field 
so that coil and armature shops may 
turn out better work; that is, properly 
baked so as to give the best results. 
I know that if these shops would install 
the proper baking equipment, a great 
many large manufacturers would go 
back to them for repairs, instead of 
installing their own shops. One large 
manufacturer recently told me, when 
I asked him why he had put in his 
own shop, that there was not one com- 
mercial shop in his city equipped to 
do repair work that would hold up 
under the severe conditions in his 
plant. H. L. GRAPP. 


Sales Manager, 
Despatch Manufacturing Co., 
Minneapolis, Minn. 


How to Connect 
Two Testing Transformers for 
Various Voltages 


N ALL electrical repair shops it is 

necessary to have different voltages 
for testing purposes. On the other 
hand, it is a difficult job to rewind a 
transformer in the average shop and 
to bring out taps for all of the voltages 
desired. 

An easy way of getting around 
this difficulty is to convert two 
2200 /220/110-volt transformers of the 


‘same size as shown in the diagram. 


From these the following voltages may 
be obtained: 4,400, 3,300, 2,200, 1,467, 
1,100, 733, and 550. In this range there 
is a suitable voltage for any ordinary 
test. The table shows the connections 
for obtaining any of the above voltages. 
These connections may be left on the 
line for all voltages except 4,400, which 
should be taken off as soon as possible. 
Detroit, Mich. C. H. FUNDERBURG. 


C 


The transformers are connected as 
shown in the diagram. By using 
the combinations of connections 
given in the table, the various volt- 
ages indicated may be obtained for 
testing. 
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Changing 
One-Coil-per-Slot Windings to 
Two Coils per Slot 


HERE are a large number of in- 

duction motors in service in which 
the stator winding is of the type known 
as one-coil-per-slot windings. Exam- 
ples of these are the basket winding 
used on the old Westinghouse Type 
CCL and HF stators, the concentric 
chain, mush-coil winding, and the 
group, two-layer-end, one-coil-per-slot 
winding. These windings are hard for 
the average winder to handle; there- 
fore, it is often desired to change over 
to the more familiar two-layer, two- 
coil-per-slot, diamond mush-coil, flat or 
pulled. This article will discuss the 
various points of each type of winding 
and the method of developing the new 
winding. First, a few general rules 
and statements will be given after 
which each type will be considered sep- 
arately. 

The one-coil-per-slot winding always 
requires one-half as many coils as there 
are slots; that is, a 72-slot stator would 
have 36 coils, a 48-slot stator 24 coils, 
and soon. Coils per group, L, will equal 
total number of coils, C, divided by 
number of pairs of poles, P, times num- 
ber of phases, K, or LSC (PXK). 
The number of coil groups (PXK) or 
CL. When changing to a two-layer 
winding, the number of coils will equal 
the number of slots; therefore the num- 
ber of groups number of polesXnum- 
ber of phases and the coils per group 
will be the same as for one coil per 
slot. The coils per group and their 
arrangement is one of the points to 
check and the coil grouping tables and 
diagrams published in previous issues 
of INDUSTRIAL ENGINEER can be used 
for this work. The total turns per 
phase should be kept the same, unless 
changing the coil pitch requires the ad- 
dition of turns, as will be explained 
later. The size of wire should be kept 
the same, unless the machine is worked 
hard and it is found that a larger size 
wire can be used; in this case, put in 
all the copper that slot and end room 
permit. 

On the majority of one-coil-per-slot, 
mush windings, the ends of all the 
coils are taped from slot to slot with 
one, half-lapped layer of 0.007-in. cot- 
ton tape. With the basket winding, 
the ends of all coils are taped with one 
layer of half-lapped, 0.01-in., treated 
cloth tape and one, half-lapped layer 
of 0.007-in. cotton tape. Here is where 
considerable time and material can be 
saved when cutting over to a two-layer, 
mush-coil winding; for most industrial 
motor applications, the taping on the 
coil ends can be omitted and the fin- 
ished winding given two or more dips 
in a black, plastic, insulating varnish 
and baked. 

The following gives two standard 
methods of insulating mush coil ends 
for voltages up to and including 440 
volts. (1) Use 0.023-in., combination 
slot insulation, fishpaper with treated 
cloth cemented to it. This has good 
mechanical and electrical characteris- 
tics. Tape all coils ends with one, half- 
overlapped layer of 0.007-in., cotton 
tape, reinforcing between phases with a 
piece of triangular, treated cloth. Dip 
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and bake the complete winding once in 
a good baking varnish. 

(2) Use 0.023-in. combination slot in- 
sulation; do not tape the coil ends but 
insert a triangular piece of 0.01-in. 
treated cloth between each coil on both 
ends. The last coil of each pole-phase 
group may be taped with one, half- 
lapped layer of cotton tape and then 
dipped at least twice in a good, black, 
plastic varnish, and baked. 

Whichever of these methods is best 
suited to the conditions should be se- 
lected. The distribution factor is not 
changed, as this is based on the num- 
ber of slots per pole per phase and is 
the same for the same number of slots, 
poles and phases. The chord factor is 
changed only when the coil pitch is 
varied and in general the chord factor 
can be increased or decreased 8 per cent 
without adding or subtracting turns 
per coil or phase to compensate for the 
changed pitch. 

The following values of chord factors 
are based on per cent of coil pitch; full 
pitch equals 100 per cent and chord 
factor equals 1 or unity; 95 per cent 
pitch equals 0.998; 90 per cent equals 
0.98; 85 per cent equals 0.97; 80 per 
cent equals 0.95; 75 per cent equals 
0.93; 70 per cent equals 0.9; 65 per cent 
equals 0.86; 60 per cent equals 0.81; 
55 per cent equals 0.76, and 50 per cent 
equals 0.7. 

The per cent coil pitch of basket 
windings, two-layer, one-coil-per-slot, 
and two-layer, two-coil-per-slot wind- 
ings, can be found as follows. First, 
find the full pitch, which is equal to 
total number of slots divided by the 
number of poles; that is for 72 slots, 
and four poles full pitch equals 724 
=18 or l-and-19. Next, divide the coil 
pitch of the winding, expressed in slots, 
by the full pitch found. If present 
pitch is 1-and-16 or 15, per cent pitch 
equals 15 7 18 = 0.833 or 83.3 per cent. 
These general remarks apply to all 
types of windings. 

Taking up each type of winding, the 
coil pitch in the basket winding must 
necessarily always be an odd number, 
or 5, 7, 9, 11, and so on, or 1-and-6, 
l-and-8, 1l-and-10, and so on, because 
one slot must be skipped between each 
coil as they are placed on the core. Also, 
the extensions of the coil ends in this 
type of winding are shorter than with 
a two-layer coil of the same pitch and 
turns. The short coil extension is due 
to the method of shaping the coils down 
against the iron. Thus it may be neces- 
sary in some cases to reduce the coil 
pitch in order to use a two-layer wind- 
ing. A saving in slot and end room 
can be made by using single-cotton and 
enameled wire to replace the double- 
cotton-covered wire used in all of these 
windings. 

Assume that we have a 72-slot motor, 
with 36-coil, basket winding, which it 
is desired to change to a two-layer 
winding. The basket winding requires 
only 36 coils, which means less time 
to make the coils and put them in the 
core. However each coil has to be taped 
on the ends with a layer of treated 
cloth and cotton tape and also requires 
shaping. On the other hand, with a two- 
layer winding we would have to make 
up 72 coils, but as the turns per coil are 
one-half the number in the basket wind- 
ing, it would not require very much 
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more time. Again, if it were decided 
to tape the ends, the taping time on 
the two-layer winding would be less, 
since there would be two layers of tape 
on each basket coil, which is equivalent 
to taking 72 coil ends. The taping of 
the ends for the two-layer winding 
would take a little less time and would 
also require less shaping. Unless a 
winder who is experienced on basket- 
type windings is available, the two- 
layer winding would make the best job. 

The motor under consideration has a 
three-phase, four-pole winding, six 
groups, six coils per group, pitch 1l-and- 
16 or 83.3 per cent, each coil having 14 
turns of three No. 14 d.c.c. wires. The 
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This shows the procedure involved 
in changing a 72-slot, 6-pole, 36- 
coil, concentric chain winding from 
a one-coil-per-slot to a two-coil-per- 
slot winding. 


two-layer winding data would be, as 
previously explained, 3 (phases) X 4 
(poles) 212 groups, six coils per group, 
72 coils each having seven turns of 
three No. 14 s.c.e. wire, pitch 1-and-15, 
or one slot less, giving a 5.5 per cent 
decrease, which changes the pitch to 
77.8 per cent. The reason for dropping 
one slot was to reduce the coil end ex- 
tension and shorten the coil, reducing 
the weight of copper. 

Assume that the end room available 
in the above case would permit a coil 
pitch of only l-and-12, or 61 per cent. 
In this case, it would be necessary to 
add turns to each coil as follows: 
(83X17) =+61=9.5 or 9 turns per coil. 
According to this formula, new turns 
per coil equal old per cent coil pitch 
times the turns per coil for the two- 
layer old coil and divided by the new 
per cent coil-pitch. The per cent of 
coil pitch should be expressed as a 
whole number: that is, 83 not 0.83. Do 
not drop below 50 per cent pitch and 
when possible keep around 80 per cent. 

Considering the next type of winding, 
it is one in which the coils are put on 
in groups. Although there is only one 
coil per slot, the ends are arranged in 
two layers; in fact, the coils resemble 
the standard two-layer, mush pulled 
coil. The coil pitch in this type of 
winding depends on the number of coils 
per group and the pitch will be even 
when the coils per group is an even 
number or odd when the coils per group 
is an odd number. The reason for this 
is that the coils are put on in groups; 
that is, with three coils per group, we 
first put in three coils in adjacent slots, 
then skip three slots and put in three 
more. The slots left empty are later 
used for the top halves of the coils. 
The only advantage to be had in chang- 
ing this type of winding to a two-coil- 
per-slot winding is a slight decrease in 
end room and a lighter coil. If the 
ends of the two-coil-per-slot windings 
can be left untaped, then this latter 
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winding would save time and material. 
The ends of the group winding are in- 
sulated in the same manner as the 
basket. winding; with both these wind- 
ings the extra insulation on the coil 
ends is necessary, due to the method 
of shaping and arranging the end wind- 
ing. The same method of changing the 
basket type can be applied to the group 
windings. 

Another type is the concentric chain 
winding. There is a decided advantage 
in changing this type to the two-coil- 
per-slot, two-layer winding for single 
rewind jobs, as the chain winding re- 
quires a number of different sizes of 
molds and some shaping. When there 
are a number of motors of the same 
kind to be rewound, the chain winding 
has the advantage as a gang mold can 
be made and a complete pole-phase 
group wound without cutting the wire, 
thus reducing the connecting time. The 
coil pitch of this type depends on the 
number of slots per pole per phase, as 
the pitch of the inside coil is selected 
so as to span a number of slots equal 
to the slots per pole per phase for two- 
phase motors. For three-phase motors 
the slots spanned will be the number 
of slots per pole per phase times two. 

From this it is seen that the coil pitch 
will be both under and over 100 per 
cent. It should be understood that 
over-pitch has the same effect as under- 
pitch; that is, 120 per cent pitch is 
equivalent to 80 per cent pitch elec- 
trically, but the over-pitch coil requires 
more copper. These points can best be 
explained by an example: Assume a 
72-slot, six-pole, three-phase stator with 
a concentric chain winding as shown in 
the accompanying diagram. The wind- 
ing has 36 coils, nine groups, four coils 
per group and the end winding is ar- 
ranged m two ranges, so that eight 
different sizes of coils are required. 

According to the rule previously giv- 
en, the slots spanned and left unused by 
the inside coils for three-phase, should 
be twice the number of slots per 
pole per phase. We have 72 slots or 
72 6 = 12 slots per pole; 12--3=4 slots 
per pole per phase, and the pitch of the 
inside coil is 2X4=8, or l-and-9. As 
indicated in the diagram the different 
coil pitches are as follows: full pitch is 
72—6=12, or 1-and-13; the inside coil 
pitch is 9 or three slots under full 
pitch; the second coil pitch is 11, or one 
slot under full pitch; the third coil 
pitch is 18, or one slot over, which is 
equivalent to one slot under pitch, or 
eleven. Outside coil pitch is 15, or 
three slots over, this being the same as 
three slots under pitch, or 9, and the 
average coil pitch equals 9+11+11+9 
~4=10. In order to obtain the same 
average chord factor with a two-layer 
winding, the coil pitch should be 10, or 
l-and-11. If the coil-end extension 
with the l-and-11 pitch is too great, the 
pitch can be decreased as explained by 
varying the number of turns per coil. 

The foregoing rules and details ex- 
plain the points that require checking 
and consideration when changing over 
any of the types of windings mentioned 
to a two-layer, diamond-shape, coil 
winding. The best type of coil to use 
for the two-layer winding is the mush 
pulled coil, as this type of coil requires 
less shaping when winding the stator. 
Wilkinsburg, Pa. A. C. ROE. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Plate-Type Field Rheostats 


NEW line of field rheostats of the 

round-plate type in which the cast- 
iron plate previously used has been 
superseded by pressed steel, has been 
placed on the market by the Ward 
Leonard Electric Co., Mount Vernon, 
N. Y. This type of plate can be fur- 
nished completely inclosed, including 
the terminals. 
cast-iron, plate-type rheostat, the re- 
sistive conductor, its contacts and the 
joints between the contacts and the re- 
sistive conductor, are completely em- 
bedded in vitreous enamel. 


Portable Rail Bond Tester 


HE new Type BBT Bond Tester 

and the Type B Contact Bar are 
announced by Roller-Smith Co., 233 
Broadway, New York City. This new, 
portable, direct-reading bond tester is 
designed for applications where the 
current in the rail is feeble or at the 
ends of trolley lines where no cars are 
running beyond the points where tests 
are being made. 

It is stated that this bond tester has 
over five times the sensitivity of any 
bond tester heretofore made. It can be 
successfully used with the current 
from a single No. 6 dry cell. The 
special contact bar carries a bracket 
for this dry cell, with the necessary 
battery switch and contacts. 
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Strap Copper Bar Bender 


HE machine in the accompanying 

illustration is announced by the 
Armature Coil Equipment Co., 2415 
Forrestdale Ave., Cleveland, Ohio, for 
bending insulated or bare strap copper 
bar over its edge. The manufacturer 
states that in bending cotton-insulated 
copper bar it will not destroy one 


As in the case of the. 


thread at the bend, and bends bars 
with any other insulation equally well. 
This machine can be used to bend one 
or more loops at a time and is pro- 
vided with a stop limit to insure uni- 
formity of shape. The machine can be 
adjusted to make any size of loop 
within its range. The loops are formed 
by two bending arms. 

These machines are made in two 
sizes. The small size has a capacity 
of stock for one or more loops of any 
thickness up to % in. and & in. in 
width. The capacity of the larger ma- 
chine is bar stock 1 in. thick, up to 1% 
in. in width. Loops on the small ma- 
chine may be bent over a - in. radius; 
the larger machine bends loops over a 
5-in. radius. 


Quick-Detachable Wrench Set 


HE No. 12 quick-detachable indus- 

trial wrench set, as shown in the 
accompanying illustration, has been 
placed on the market by the Black- 
hawk Mfg. Co., Milwaukee, Wis. This 
is an extra-heavy-duty set, designed 
for service in shops and industrial 
plants. 
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The set includes a 20-in. ratchet 
wrench handle, one sliding bar 1 in. 
in diam. and 24 in. long, one short 
extension % in. in diam. and 9 in. long, 
one 18-in. extension, one offset adapter, 
and seven hexagon sockets for bolts; 
ranging from 1% to 2% in. in size. 
The set weighs 46 lb. and is contained 
in a wooden box. 


— 


Changes in Lowering Switch 


NUMBER of improvements in the 

Thompson safety lowering switch 
or disconnecting hanger have been an- 
nounced by The Thompson Electric Co., 
1438 W. 9th St., Cleveland, Ohio. To 
make provision for easier inspection 
and cleaning of the parts, when it is 
necessary, the design of the new under- 
slung model has been changed so that 
all of the moving parts except the 
wheel come down to the ground when 
the lamp is lowered. The hanger 
should be operated frequently enough 
to prevent the parts from becoming 
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sticky from dirt or corrosion. The 
latchdog is so designed that it can be 
easily and quickly removed for clean- 
ing. Another improvement provides 
for enclosing the line wires as they 
enter the upper member of the hanger. 
Still another change provides for a 
swiveling arrangement for dead-ending 
the chain in the lower member, thus 
enabling the lamp to rotate freely so 
as to bring the contacts into proper 
alignment for seating into each other. 
Provision is also made for enclosing 
the chain in conduit. 


Small Reducing Gear 


YPE 2, small reducing gear manu- 

factured by Winfield H. Smith, 
Springville, Erie Co., N. Y., has been 
improved, as have the Nos. 4A, 5 and 
8. The Type 
2 reducer, 
shown in the 
accompanying 
illustration, re- 
tains the same 
center dis- 
tances, shaft 
sizes and shaft 
extensions as 
the former 
model. This 
unit is equip- 
ped with bronze-bushed bearings for 
the high-speed shaft. The gear case 
provides for a greater oil capacity and 
is more rigid in construction than the 
former model. A screw plug at the top 
of the case provides for filling the 
chamber. Gear reduction of 48:1 or 
30:1 can be had. The unit is regularly 
equipped with a 4-in. grooved pulley 
on the drive shaft and four-step 
grooved pulleys of 1, 1%, 2 and 2% 
in. diameter on the driven shaft. 


— . —— 


Spraco Lobster Claw Attachment 


PRAY painting has its application 
widened by means of the Lobster 
Claw Attachment shown in the accom- 
panying illustration, which enables the 
spray operator, according to the manu- 
facturer, to include every line within 
the architectural and industrial finish- 
ing fields, as this little auxiliary makes 
possible the cutting-in of trim on 
windows,, doors, moldings, wall fixtures, 
and also the cutting between ceilings 
and walls, baseboards and floors, and 
other applications. This device is 
announced by the Spray Painting and 
Finishing Co., 60 High St., Boston. 
Portable paint spraying equipment is 
of particular interest to the plant 
engineer as it supplies a speedy, easy, 
and economical method of painting 
buildings and other stationary objects. 


April, 1926 


A coverage of 4,000 to 5,000 sq. ft. 
can be obtained in an 8-hr. day, it is 
stated, while as much as 10,000 sq. ft. 
is often painted on large, free sur- 
faces as compared with a range of 700 
to 1,100 sq. ft. by the hand method. 
As a matter of average experience, 
spray painting uses approximately the 
same amount of paint but saves from 
60 to 80 per cent of the labor cost. 


— 


Direct-Current Motor 


NEW line of 40-deg.-rating d. -e. 

motors, Type NA,“ has been de- 
veloped by The Louis Allis Co., Mil- 
waukee, Wis. The new line of motors 
is interchangeable, rating for rating, 
in all essential dimensions with the 
Louis Allis polyphase motors. It is 
said that in this new line improved de- 
sign and ventilation insure uniform 
cooling throughout the windings. The 
bearing chamber is designed to hold an 
extra quantity of oil. Bearing inspec- 
tion is made through a removable 
cover, which, while permitting easy in- 
spection, gives in effect a dust-tight 
bearing chamber. Elimination of oil 
trouble is claimed by virtue of a new 
design incorporated in the bearing. 


Smoke Detector and Fire 
Extinguisher 

QUIPMENT for indicating or de- 

tecting smoke and provision for 
the extinguishing of fires in enclosed or 
semi-enclosed electrical or other equip- 
ment is announced by Walter Kidde & 
Co., Inc., 140 Cedar St., New York City. 
The Rich system of smoke detection is 
employed. This makes use of a beam 
of light from a lamp, and a mirror. 
As long as the air in a machine or 
compartment remains clear the beam of 
light from the lamp remains invisible 
to the operator looking into the mirror. 
However, as soon as the air contains 
smoke particles a strong beam of light 
is observed. When smoke is thus indi- 
cated to the operator provision is made 
whereby he can, by the Lux system of 
fire extinguishing, release pure, dry 
carbon dioxide under pressure from 
steel cylinders, to smother the fire. It 
is stated that a single battery of cylin- 
ders can be connected up to protect any 
number of machines and compart- 
ments. The control for the release of 
the gas may be electrical or manual 
or both and be placed where desired. 

This combination system is used to 
indicate over-heating sufficient to cause 
smoke, particularly in enclosed ma- 
chines with ventilating systems, be- 
fore a fire occurs. It is claimed that 
the Lux system of extinguishing fires 
may be used in transformer and oil 
switch rooms and in other similar 
places, as electrical fires may be ex- 
tinguished in “live” equipment without 
damage and without removing the 
power from the circuit. 

This system of detecting and extin- 
guishing fires may also be used, it is 
stated, for protecting paint rooms, paint 
spray booths or other places where 
highly flammable oils or liquids are 
used. It may also be used for pro- 
tecting wood pulverizers and other en- 
closed machinery of this general type. 
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Mercury Contact Switch on 
Pyrometer Recorder 
1 contact switch which 

has been developed by Charles En- 
gelhard, 33 Church St., New Vork City, 
to decrease electrical contact troubles 
in connection with pyrometer recorders 
is shown in the accompanying sketch. 


This consists of a small glass tube con- 
taining mercury, a minute quantity of 
oil and an inert gas. Platinum elec- 
trodes pass through and are sealed in 
the glass tube. In the position shown 
at the left, the mercury makes contact 
with both of the electrodes and thus 
completes the circuit. Where the tube 
is tilted slightly to the position shown 
at the right, the mercury flows away 
from the terminals to the other end 
of the tube and breaks the circuit. A 
separate mercury switch is used for 
each pyrometer circuit and the required 
number of contacts are mounted side 
by side within the recorder case. The 
resistance, it is stated, is from 0.003 to 
0.004 ohms. These mercury switches 
are said to be fume- and dust-proof 
and are designed for use in connection 
with electric resistance thermometers 
and thermo-couples, where extremely 
high precision is required. 


Manual D. C. Controller 


NNOUNCEMENT is made by The 

Clark Controller Company, Cleve- 
land, Ohio, of a new, improved, face- 
plate-type, manual controller which, it 
is said, has been built for heavy-duty 
service, and is suitable for overhead 
traveling cranes, charging machines, 
mill tables, or any application where 
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reversing of the motor is necessary and 
where hand operation is suitable. The 
frame of the controller, including the 
top and the base, is of heavy, pressed- 
steel plate. 

The shaft which carried the contact 
arm rotates in a radial-thrust ball 
bearing near one end of the shaft and a 
graphite bronze bushing near the other 
end of the shaft. A magnetic blowout 
feature is provided in both sizes of con- 
trollers, which cover a range from 1 
to 50 hp. at 230 volts and proportional 
ranges in other voltages. 

Resistors of special alloy steel, which 
has been drawn or rolled—not cast— 
are used. The accompanying illustra- 
tions show (left) the No. 2 Clark man- 
ual controller, Type F, Form R; a dis- 
assembled view (center) shows the 
Type EMB resistor and the ease of 
removing or replacing the resistor fill- 
ing. The view at the right shows the 
back of this controller with a Monitor 
Edgewound resistor. 

Controllers of the same general type 
for a.c., three-phase, slip-ring motors 
are also manufactured. 


— 


Panelboard for Industrial Use 


N lines of industrial panel- 
boards for the control of lighting 
systems in offices and factories have 
recently been announced by the West- 
inghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. These panelboards are 
made in sizes supplying from 4 to 32 
circuits and in capacities ranging from 
30 to 100 amp. 

The new panelboards are constructed 
with two doors, one within the other. 
The smaller door, giving access to the 
switch compartment, has a snap catch 
and may be opened by anyone. The 
larger door, opening into the fuses, is 
equipped with a Yale lock so that only 
authorized persons may open it. 

Both types of panelboards are built 
up in unit construction, with eight 
single-pole or double-pole switches. 
When single-pole switches are used the 
switch unit consists of two single-pole 
switches built on a composition base. 
With double-pole switches, a unit con- 
sists of one double-pole switch on a 
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base of the same material. These units 
may be easily removed from the front 
of the panelboard, which makes any 
necessary inspection and replacement 
easy, according to the statement of the 
manufacturer. 

The cabinet fronts of these panel- 
boards are equipped with the Westing- 
house standard trim clamp for mount- 
ing the trim on the box. This clamp 
permits easy adjustment of the panel- 
board trim when the box has been set 
up out of plumb. The trim clamp 
allows adjustments up to a in. in 
depth and laterally. 


— —— 


Oil Burner and Preheater 
N WELDING castings, preheating is 


oftentimes necessary to neutralize - 


expansion and contraction strains, or to 
effect economy of gases. Without pre- 
heating, complicated castings are liable 
to develop new breaks at points remote 
from the weld after the weld itself has 
been successfully completed. The Mil- 
burn oil burner and preheater, which 
is primarily designed for this work is 
of the atomizing type and, it is stated, 
utilizes the cheapest grades of crude, 
fuel, kerosene oil or distillate, and com- 
pressed air under pressures varying 
from 50 to 100 lb. 

The air-supply line furnishes a 
direct flow to the burner, and also 
maintains a similar pressure in the 
oil storage tank. Immediately upon 
opening the valves, the gas at the 
burner can be ignited. 


Improved Resistance Starter 


RIMARY resistance starters, manu- 

factured by the General Electric 
Co., Schenectady, N. Y., for squirrel- 
cage, induction motors, bearing the 
designation CR-7056-D-1, have been 
superseded by two improved types, the 
CR-7056-D-3, which is produced in 
sizes for use on motors up to 25 hp., 
and the CR-7056-D-4 for motors of 25 
to 50 hp. The former has arc barriers 
and the latter is equipped with mag- 
netic blowouts and are chutes which 
permit it to handle safely the larger 
motor currents. 

Both starters have an improved mag- 
netic time interlock. The operating 
spring now works by compression in- 
stead of tension. The interlock can 
thus be adjusted more easily. The 
starting resistors have been redesigned 
to provide a greater capacity and to 
conform to Classification No. 16 of the 
Electric Power Club, which provides 
for 200 per cent full-load current or 
more on the first point for 15 sec. out 
of every four minutes. 

The case for the D-3 starters opens 
from the top and is ventilated. It has 
two 1'4-in. knockouts both in the top 
and in the bottom, providing ample 
space for the power and the control 
wires. 

The starter cover may be padlocked 
shut if desired. The D-4 case is larger 
than that of the D-3 to accommodate 
a larger resistor. This case opens on 
the side and can also be locked. It is 
provided with four 2-in. knockouts. 
Both models weigh 122 lb. and are ar- 
ranged for wall mounting. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 
are mentioned. It ts always advisable to state the name and 
number of bulletin or catalog desired, as given in these columns. 


Speed Reducers—Catalog 14 devotes 
68 pages to descriptions and discussion 
of the various types and sizes of 
Philadelphia worm, spur and herring- 
bone gear speed-reducer units. Dimen- 
sions and ratings of the different types 
are included.—Philadelphia Gear Works, 
Richmond & Tioga Sts., Philadelphia. 


Oil Purifying—Bulletin 107 discusses 
the De Laval method of purifying 
transformer oil and switch oil by the 
application of centrifugal force. The 
operation of the centrifugal separator 
is illustrated by diagrams and a large 
number of installations are shown.— 
The De Laval Separator Co., 165 Broad- 
way, New York City. 


Chucks—Catalog 520 describes and 
illustrates various types and sizes of 
Westcott drill and lathe chucks.— 
Westcott Chuck Co., Oneida, N. Y. 

Formica—A booklet entitled, “What 
Formica Is,” describes how Formica is 
made, the different grades, and some 
of the numerous applications.—The 
Formica Insulation Co., 4633 Spring 
Grove Ave., Cincinnati, Ohio. 

Portable Electric Saw—A_ circular 
describes and illustrates a number of 
uses of The Crowe Safety Saw, which 
is made in three sizes, to take 6-in., 
8-in., and 12-in. blades.— The Crowe 
Mfg. Corp., 133 E. Third St., Cincinnati, 
Ohio. 

Variable Speed Transmission —Cata- 
log 20 describes the Lewellen variable 
speed transmissions and various types 
of manual and automatic controlling 
devices. This transmission unit per- 
mits operating a machine at a variable 
speed from a driving unit of fixed 
speed.—Lewellen Manufacturing Co., 
Columbus, Ind. 


Flexible Couplings—A circular dis- 
cusses the question of fatigue in 
couplings, with particular attention to 
the Fast flexible couplings.—The Bart- 
lett-Hayward Co., Scott & McHenry 
Sts., Baltimore, Md. 

Non-Metallic Gears — Publication 
C-1579-D discusses the computation of 
horsepower ratings of Micarta gears, 
with examples, and gives tables of the 
preferred pitch, the values of the con- 
stants used, gear data, and the horse- 
power ratings at various pitches. The 
qualities and advantages claimed ‘for 
Micarta as a material for gears and 
pinions are well covered.—Westing- 
house Electric & Manufacturing Co., 
Pittsburgh, Pa. 

Brazing Outfit—A circular describes 
the Smith’s No. 8 brazing outfit and 
the various tips and attachments.— 
Smith’s Inventions, Inc., 2633 Fourth 
St., S. E., Minneapolis, Minn. 

Speed Indicators—A circular shows 
the construction and use of a Hasler 
speed indicator for giving direct 
measurements of speeds either in r. p. m. 
or f.p.m.—Hasler-Tel Co., 461 Eighth 
Ave., New York City. 


Short-Center Drive—Bulletin 1228 
describes the Allis Texrope short-center 
drive which consists of sheaves on the 
driving and driven pulleys connected by 
small V-belts.—Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 

Ball Bearings Catalog 25 covers 
general industrial application of Fafnir 
ball bearings and gives particular 
attention to their use in power trans- 
mission equipment. Catalog 26 con- 
tains, in addition to the general in- 
dustrial applications, a large number of 
textile applications. — The Fafnir Bear- 
ing Co., New Britain, Conn. 

Dead Ending Clamp—A circular de- 
scribes the Screw Jack dead ending 
clamp for stranded cable, which is made 
in sizes suitable for standard cable from 
4/O to 2,000,000 circ. mil, inclusive.— 
The Clark Controller Co., 1146 152nd 
St., Cleveland, Ohio. 


Roller Bearings—Bulletin 1559 E 1 05 
dimensions and load data on 

roller bearings for industrial equipment 
and methods and data, including a table 
of factors for use under various service 
conditions, for . the size of 
bearings for different loads. Hyatt 
Roller Bearing Co., Harrison, N. J. 

Ball-Bearing Tool Grinder A circu- 
lar describes the Bodine double-head, 
ball-bearing tool grinder operating at 
3,400 r.p.m. These are made in two 
sizes, with 34- and %-hp. ac. or d.c. 
motors.—The Bodine Electric Co., 2256 
West Ohio St., Chicago, III. 

Roller Chains and Sprockets—Cata- 
log 57, 84 pages, covers the dimensions, 
rating and other data on Diamond 
chains, with a chart for their selection, 
and a discussion of their lubrication, 
installation and care. Diamond Chain 
& Mfg. Co., Indianapolis, Ind. 

Crane, Hoist and Mill Controllers 
Bulletin 330 illustrates the construc- 
tion, operation and characteristics of 
the Type F-2250 Allen-Bradley crane, 
hoist and mill controller.—Allen-Brad- 
ley Co., Milwaukee, Wis. 

Pneumatic Tools—A 42-page, pocket 
size catalog describes the line of Thor 
piston and turbine pneumatic drills, 
hammers, foundry tools, and motor 
hoists.—Independent Pneumatic Tool 
Co., 600 W. Jackson Boulevard, Chicago. 


Ball and Roller Bearing Motors— 
Bulletin 4000 illustrates and describes 
the bearing construction of d.c. and a.c. 
Reliance motors fitted with ball and 
roller bearings, and explains the var- 
lous advantages claimed for them.— 
Reliance Electric & Engineering Co., 
1051 Ivanhoe Road, Cleveland, Ohio. 


Electric Melting Pot—A circular de- 
scribes the Trent electric melting pot 
for continuous service. These pots are 
made in capacities of 10 to 1,500 Ib. of 
lead, and are used for melting babbitt, 
solder, lead, tin, and other metals.— 
Harold E. Trent, 259-61 N. Lawrence 
St., Philadelphia, Pa. 
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perfection 
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power transmission 


This photograph, taken while the 
Link-Belt Silent Chain Drive was 
running at high speed under load, 
illustrates in striking manner the 
perfect smoothness of its opera- 
tion. 

Link-Belt Silent Chain is indeed 
flexible as a belt, positive as a 
gear, more efficient than either.“ 
It operates on short centers, and 
when enclosed in the Link-Belt 
dust-proof, oil retaining, safety- 
casing, makes an ideal drive for 
even the most difficult application. 
Send for Price-List Data-Book No. 
125. 


Drives from ½ to 10 H. P. now 
carried in stock for immediate de- 
livery in many cities. 


McGraw-Hill Publishing Co., Inc. 
May, 1926 Chicago III. 


'LINK-BELT COMPANY 


Leading Manufacturers of Elevating, Con- 
veying and Power Transmission Chains 
and Machinery. 


INDIANAPOLIS, P. O. Box 85 
PHILADELPHIA, 2045 Hunting Park Av. 
CHICAGO, 300 W. Pershing Road 
Offices in Principal Cities 
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Electric Steel Frames—Indestructible Rotor 
—Special Insulation Process—Volume Ven- 
tilation—and Tapered Roller Bearings 


Type AR Allis-Chalmers Motor 
equipped with Timken 
Tapered Roller Bearings, belted to 
Mereen-Johnson Equalizer 


Allis-Chalmers motors equipped with Timken Tapered 
Roller Bearings add even more than anti-friction advan- 
tages to the impressive list of motor betterments credited 
to Allis-Chalmers. 


Here are anti-friction bearings which improve starting 
and output characteristics. They carry both radial and 
thrust load so compactly that shortened shafts are pos- 
sible to increase rigidity and conserve mounting space. 
And these motors serve equally well in any position, with- 
out any risk of running dry or soaking the windings. 


The Timken-made electric steel in Timken Bearings puts 
finest possible material at the critical point in motor en- 
durance. With finer steel, perfect lubrication, high thrust 
capacity, and nothing but rolling motion, the bearings in 
Timken -equipped Allis-Chalmers motors permanently 
maintain the closest gap. The only maintenance neces- 
sary, proved in widest actual use, is grease renewal per- 
haps only once a year—never more than every few months! 


All the improvements Allis-Chalmers offers in anti-fric- 
tion motors are typical of the extra value in every 
Allis-Chalmers type. 


ALLIS-CHALMERS MFG. CO., MILWAUKEE 


District Sales Offices in all Principal Cities 
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Revamping Distribution System 


of a 30-year old industrial plant so as to permit changing over from locally- 
generated direct current to purchased alternating-current power and light 
service, without stopping production 


UR plant had been operating 
() uneventfully for about thirty 

years until last summer when 
we were suddenly faced with the 
problem of if and how we were to 
continue operation. We were gener- 
ating our power at 220 volts, direct 
current, and distributing it on a two- 
wire system. Steam was supplied 
by three 150-hp. water-tube boilers, 
as old as the plant. Power was gen- 
erated by a collection of engines and 
generators which had been added on 
as the plant and its power load in- 
creased. In addition, the large air 
compressor was steam driven. 
We had been aware for several 
years that the generating 
plant and distribution sys- 
tem were out of date and 
would have to be replaced 
soon. For this reason we 
had made no purchases of 
new motors for some time, 
had carried a high repair 
expense on the old motors, 
and rented a motor when- 
ever we needed one and 
had no spare. 

Last summer, however, 
one of the boilers failed 
and had to be taken out of 
service, while another boiler 
was down for repairs to 
the brickwork. The one 
remaining boiler could not 
carry the load and it was 
several days before the 
others could be put back 
into service. During this 
time, the departments ran 


By J. C. NELLEGAR 
Vice-President, H. W. Caldwell & Son Co., 
Division of Link-Belt Co., 

Chicago, III. 

boilers were returned to service. 

In the meantime, a firm of consult- 
ing engineers, W. J. Neely Company, 
Chicago, III., were engaged to make 
a survey of the plant in connection 
with our own engineers and those of 
the Link-Belt Company. On the 
basis of this survey eight alternative 
recommendations were made for the 
solution of our problems, with the 
detailed estimated cost of each. Five 
of these recommendations, which in- 
volved the entire rebuilding of the 


Power is distributed to the various machines in each 


power generating plant, could not be 
given serious consideration because 
of the urgency of the situation. The 
other three recommendations were 
based on the use of purchased power. 
The first plan was to use rotary con- 
verters and retain the same d.c. mo- 
tors and distribution system. The 
second plan was similar except that 
motor-generator sets were to be used. 
These plans were rejected because 
many of the motors were old and 
would soon have to be replaced any- 
way. Also, the maintenance cost of 
direct-current motors is high and 
alternating current service has many 
more advantages in plants of this 
type. The third plan, 
which was adopted, was 
to purchase power, put in 
an entirely new distribu- 
tion system, and use alter- 
nating-current motors for 
all except a few drives. 
Steam is used for heating 
only and is now supplied 
by oil-burning boilers. 

The plant consists of 
several buildings located 
closely together as may be 
seen from the drawing on 
page 205. Some of these 
are single-story buildings; 
the office building, however, 
is five stories high, a floor 
or two of which are de- 
voted to manufacturing. 
The manufacture of 
elevating, conveying and 
power transmission ma- 
chinery and other products 


in staggered shifts on part 
time and we were afraid 


to operate near full load, 
capacity even when the 


department from cabinets such as these. 
Conduit is run directly from the switchboard to these 


cabinets. The main circuit and each individual motor 
circuit are protected by Buss renewable fuses. Each 
circuit is numbered: the machines supplied by each cir- 


cult are listed on the card on the cabinet door. 


required the power servic- 
ing of a foundry, machine 
shop, drives to rolls for 
making screw conveyors, a 
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sheet-metal shgp, and other asso- 
ciated departments. 

We are now operating on power 
which is delivered by the Common- 
wealth Edison Company at 12,000 
volts, 60 cycles, three phase, and is 
stepped down by two 450-kva. Gen- 
eral Electric transformers to 440 
volts. The power goes through the 
16-panel Westinghouse switchboard, 
shown below, and is then distrib- 
uted throughout the plant as will 
be described later. Several direct- 
current motors were built into the 
machines, as for example on cranes, 
elevators, and on machine tools, and 
as it was not considered desirable at 
the present time to change them two 
Allis-Chalmers 100-kw., compound- 
wound, 250-volt, motor-generator 
sets driven by synchronous motors 
were installed to provide direct cur- 
rent. In addition to the present use, 
these motor-generator sets were 
necessary to supply direct current 
during the change-over period. 

The best place to put the new 
switchboard, transformers, and other 
substation equipment was where the 
old boiler room stood but, as the 
plant had to continue in operation, 
the boilers could not be removed 
first. The procedure followed may 
be of interest to others who are con- 
sidering a somewhat similar revamp- 
ing problem. 

The first consideration was to re- 
lieve the boilers by removing the 
demand for steam so that they could 
be taken out to give room for the 
new substation. The first piece of 
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equipment erected was a cross-com- 
pound Worthington air compressor, 
driven by an Allis-Chalmers, 105-hp., 
synchronous motor. There was 


The distribution system at the 
Caldwell plant is controlled through 
this 16-panel switch board. 


The various instruments on this 
board are listed in Table I. Power 
is delivered to the switchboard at 
440 volts, 60 cycles, three phase, 
from two 450-kKva., 12,000/440-volt 
transformers in the adjacent vault. 
The automatic Industrial Controller 
starter for the 20-kw. Allis-Chalm- 
ers, motor-generator exciter, which 
supplies the excitation for the syn- 
chronous motors on the air com- 
pressors, is on the wall at right. 
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The transformers for the lighting 
circuits are placed at the distribu- 
tion cabinets. 


Current for lighting is taken from 
the distribution cabinets to the 
Packard Electric, dry-type, 440 220 
110-volt transformers mounted on 
the wall as shown at the top of the 
illustration. The lighting circuits 
are protected by plug fuses. A 
Trumbull, type A, safety switch 
serves as a disconnect in the line. 
The lighting load is phase-balanced 
as shown in Table 


barely room to erect this in position 
in front of the stoker on one of the 
boilers. This compressor was sup- 
plied from a temporary circuit by 
back-feeding from a new alternating- 
current line which had been run into 
the new office building where the 
lighting and power load was easily 
changed over. -This synchronous 
motor was excited from the old 
direct-current distribution system 
through a temporary connection. 
Although this is not the best operat- 
ing practice, it was nesessary then. 

The motor-driven air compressor 
took a steam-driven air compressor 
out of service and so enabled two 
boilers to carry the load. The single- 
set boiler was then removed. 

Two Allis-Chalmers, 100-kw., 250- 
volt, 1,200-r.p.m., compound-wound, 
motor-generator sets driven by syn- 
chronous motors were next installed, 
along with the direct-current section 
and compressor-control panels of the 
switchboard. The direct - current 
plant load was then cut over to the 
new board by picking up, cutting, 
and reconnecting the old feeders into 
the new board. The motor-generator 
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sets were supplied with power from 
a second temporary connection. 

During this time the new conduit, 
feeder lines, cabinets and distribu- 
tion system of the plant were being 
installed. It was necessary to oper- 
ate one engine and generator for 
about two weeks until enough direct- 
current motors had been replaced by 
alternating-current motors to bring 
the direct-current power require- 
ments down within the capacity of 
the motor-generator sets. The a.c. 
motors, as installed, were fed from 
temporary connections. Also a fire 
pump, driven by a 100-hp., slip-ring 
motor was put in. 

We were then able to do without 
steam, as this was in the early fall 
and we do not use steam for process 
work. The battery of boilers was 
then removed, the two 450-kva., 
12,000/440-v olt transformers in- 
stalled permanently, and the re- 
mainder of the switchboard built in. 
On the first Sunday after this work 
was completed, all circuits were 


One of the junction boxes in the 
3-in. conduit line which carries 
three 500,000-circ. mil. cables. 


phased out and we were then ready 
to cut over the distribution system 
from the temporary to the permanent 
installation as convenient. I could 
then rest easily; until the steam 
plant was shut down, I spent almost 


Table LInstruments on Switchboard at Caldwell Plant 


Panels 1 and 2 (d.c. feeders) 
2 400-amp., 250-volt, two-pole, two-coil Westinghouse type CL circuit breakers. 


2 single-throw, two-pole, knife switches. 


Panels 3 and 4 (100-kw. compound-wound generators in motor-generator sets) 
500-amp., 1 single-pole, Westinghouse type CK inverse time element, shunt trip. cir- 


cuit breaker 


0 to 800 volts d.c., Westinghouse style No. 293403 voltmeter. 
1 ae 600 volts d.c.. Westinghouse style No. CGZ-10486 ammeter and shunt. 


is-Chalmers rheostat control. 


600-amp., 250-volt, three-pole, single-throw, type A knife switch. 
Sangamo two-wire, 250-volt, type D-5, 500 amp. watt-hour meter with shunt. 


Panels 5 and 6 (150-hp., 440-volt, three-phase, synchronous motors) 
Westinghouse a.-c. ammeter, 8.5 amp. coil, style No. CGZ- 10436: 208-amp. division marked 


in red. 


Westinghouse d.c. ammeter and shunt, style No. CGZ-10486 ; 20-amp. division marked in red. 
Westinghouse three-phase power factor meter, style No. 368682 A. 


Allis-Chalmers rheostat control. 


Motor starting and running oil circuit breaker, 300-amp., Westinghouse type QF with in- 
verse time element overload and low-voltage trip. 


Set of 300-amp., Westinghouse disconnects. 


Panels 7 and 16 (450-kva., 12,000 /440-volt, three-phase, 60-cycle transformers) 


Westinghouse a.-c. ammeter, style No. CGZ-10436. 
Three-phase Westinghouse power-factor meter, style No. 363682A. 


Three-phase indicating wattmeter. 


Bristol recording voltmeter for 24-hr. circular chart. 
bell, fed from lighting transformer. 


8-in. Faraday Underdome, 110-volt, a.c. 


(On Panel 7.) 
(Panel 16.) 


1.500-amp. Westinghouse type WB2 oil circuit breaker, inverse time element. overload re- 


lays and 24-volt, d.c. shunt trip. 


Set of 1,500-amp. Westinghouse disconnects. 


Panel 8 (20-kw. exciter and Commonwealth Edison meter panel) 


A.c. voltmeter (440-volt bus), Westinghouse style No. CGZ-10436. 
D. e. voltmeter, 0 to 300 volts. Westinghouse style 293403B. 


Allis-Chalmers rheostat control. 


100-amp., 250-volt, two-pole, double-throw type A knife switch. 


G. E. 
G. E. demand meters. 


G. E. instantaneous overload relay, type Q-6. 


polyphase watt-hour meters type O-6, Commonwealth Edison Co. metcring. 


Panels 9 and 10 (105-hp. and 185-hp. synchronous motors on compressors) 


Metering same as on panels 5 and 6. 


Set of hand-operated Westinghouse disconnects for oi] circuit breakers, style No. 296782: 


200-amp. disconnect for panel 9 
300-amp. disconnect for panel 10. 


Panels 11, 12, 13 and 14 (a.c. feeders) 


Westinghouse a. c., 
Panel 14, 700-amp. ammeter. 


500-amp. ammeter, style No. 363836A. 


Westinghouse type OA polyphase watt-hour meter. 
Westinghouse 400-amp. oil circuit breaker, inverse time element overload relays. 


Set of 400-amp. disconnects. 


Panel 14 has 600-amp. circuit breakers and disconnects. 


Panel 15 (a.c. feeder) 


Blank. with 600-amp. capacity for future expansion. 


E 
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as much time in the power plant as 
in the office. Later, another 185-hp. 
synchronous-motor-driven air com- 
pressor, and the oil-burning heating 
plant were installed. 

In no instance was it necessary to 
stop production to change over, as 
this work was carefully planned by 
the engineers and the electrical con- 
tractor, the Chicago Electrical 
Equipment Company, Chicago, Il. 
Whenever necessary, the work of 
cutting over was done on overtime. 

So far as possible all change-overs 
were made by first installing the new 
motor and placing it in position so 
that it could be belted or connected 
by chain to the new drive before the 
old d.c. motor was taken out of 
service. In this way, the cut-overs 
were made quickly with a compara- 
tively small amount of overtime and 
without any interruption to produc- 
tion. On lineshafts and most of the 
machine drives, the new motor was 
located so that it could be connected 
up with a Link-Belt silent chain. 
This makes a short-center, compact 
drive. The installation of chain 
drives greatly simplified the cut-over 
problem in that the old drive could 
be operated while the new motor was 
being erected in position. The 
change over then consisted of remov- 
ing the belt and putting on the 
chains in another location. 

All of the a.c. motors are either of 
the squirrel-cage induction or slip- 
ring type. Where variable speed was 
not a factor, the plant was remotored 
with the type FTR, 60-cycle, 440- 
volt, General Electric, polyphase, 
double squirrel-cage induction mo- 
tors. These motors have a high 
starting torque and may be started 
directly across the line without the 
use of special starting equipment. 
They are controlled by General Elec- 
tric type CR-7006-D5 enclosed mag- 
netic switches from momentary-con- 
tact, start-and-stop, push-button 
stations. Relays provide undervolt- 
age protection against temporary 
failure of voltage. All of the G. E. 
starters up to 25 hp. are of the same 
type and size for standardization. 
The only change necessary is in the 


rating of the thermal relay, to fit the 


horsepower of the motor. The push 
buttons may be placed either at the 
switch or at the machine. A West- 
inghouse enclosed, externally-operat- 
ed safety switch, type WK-60 is 
placed in the line ahead of the mag- 
netic switch as a disconnect. The 
fuses for the motor circuits are 
mounted in the distribution cabinets. 
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Table II— Partial List of 
Materials Used 


16,880 ft. -in. Buckeye conduit 
-in. Buckeye conduit 
-1_ in. Buckeye conduit 

: he Buckeye conduit 
144-in. Buckeye conduit 

. 2 -in. Buckeye conduit 
ft. 2½ -in. Buckeye conduit 
8 -in. Buckeye conduit 
814-in. Buckeye conduit 


Habirshaw wire 


700,000 circ. mil 
500,000 circ. mil 
400,000 cire. mil 


R.C.L.C. cable 


ft. 500,000 circ. mil 
ft. 400,000 circ. mil 
ft. 850,000 circ. mil 
Benjamin R. L. M. reflectors 
equipped with lamps furnished 
sA Peerless-Brilliant Lamp Divi- 
sion 
Bryant switches and receptacles 
Packard dry-type transformers, 
440-volt, single-phase primary ; 
110/220-volt secondary 

600 Miscellaneous Unilet fittings 

612 Miscellaneous 600-volt Buss re- 
newable fuses 

14 Power cabinets and panels, 4 to 
12 circuits each 

15 Wall-mounted lighting cabinets 
and panels, 8 to 20 circuits each 

56 Special pull boxes 

126 Type A, two- and three-pole 
220/440-volt fused and unfused 
safety switches 


All slip-ring motors are General 


Electric type MT, 440 volts, three 
phase, 60 cycles. These are con- 
trolled by G. E. type CR-3204-1500A 
secondary drum switches with inter- 
locked primary contacts, G. E. type 
7006 D5. 

The distribution system centers 
around the switchboard. This is a 
16-panel (including a spare panel) 
Westinghouse switchboard construct- 
ed of Johns-Manville Ebony Asbestos 
Wood in black marine finish. The 
framework is of angle iron and the 
panels rest on a channel-iron base, 
set in the concrete floor. In addi- 
tion to the metering of the incoming 
power, each distribution panel is 
provided with a Westinghouse re- 
cording watt-hour meter as well as 
the necessary indicating volt- and 
ammeters. This gives the power con- 
sumption in all departments and 
permits charging each department 
with its proper power load. In some 
instances, two or more departments 
are supplied from the same panel, 
and so have one watt-hour meter in 
common. In such cases other meters 
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are placed at the distribution cabi- 
nets in one or more of the depart- 
ments. In this way the power con- 
sumption in each department may be 
obtained by subtraction. The power 
consumption also indicates the ac- 
tivity of a department. The instru- 
ments on the different panels of the 
main switchboard are listed in 
Table I. 

The synchronous motors on the 
100-kw. motor-generator sets are ex- 
cited from their generators. The 
excitation for the synchronous mo- 
tors on the air compressors is 
provided by a special 20-kw., motor- 
generator set located in the substa- 
tion, but not shown in any of the 
illustrations. In addition, a double- 
throw, two-pole switch, shown on the 
lower portion of panel 8, permits 
connection to the d.c. bus fed from 
the 100-kw. motor-generator sets to 
obtain 250-volt excitation for the 
compressor motors in an emergency. 
The synchronous motors on the air 
compressors are equipped for auto- 
matic starting. This is done through 
a standard oil switch on the panel 
which is connected to a Westing- 
house frequency relay that auto- 
matically closes the field circuit at a 
predetermined speed value. 

All circuit breakers on the switch- 
board are equipped with an auto- 
matic alarm switch and a manual 
cutout to open the alarm circuit 
when the circuit breaker is left open. 
In addition, a signal system is pro- 
vided which indicates any difficulty 
on the incoming 12,000-volt power 
lines. The 12,000-volt line switches 
and the 12,000-volt transformer 
switches are equipped with relays 
which open these switches in case of 
trouble. The line and transformer 
switches are equipped with con- 
tactors which operate drops in an 
annunciator and also blow a signal 
horn, both of which are located on 
the main switchboard. In case a 
high-voltage line or transformer 
switch opens, the operator’s atten- 
tion will be attracted by the horn. 
The switch which has opened is indi- 
cated by the drop on the annunciator. 
The trouble is then reported to the 
load dispatcher of the power com- 
pany who will take immediate steps 
to correct the difficulty. 

Every precaution has been taken 
to prevent interruption of the fire- 
pump service. To this end, the 100- 
hp. fire-pump motor has two sources 
of supply, one from each of the 
power transformer secondaries. 
Feeders are run directly from each 
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Table III— List of A. C. 
Motors Used 


MACHINE 
DRIVE 


RATED 
Hr. TYPE OF 


Lineshaft 
Elevator 
Elevator 


Foundry 


Dust arrester 
Heating fan 
Exhaust fan 
Lineshaft 
Tumbler 
Grinder 
Grinder 
Lineshaft 
Lineshaft 
Cupola blower 
Cupola blower 
Lineshaft 

bler 


Sheet Metal Shop 


Punch press 
Lineshaft 
Lineshaft 
Forge blowers 


Machine Shop 
Car puller 


Tess 
Heating fan 
Drill press 


Radial drill 
Milling machine 
aft 


Heating fan 
Pulley grinder 
Pulley grinder 
Lineshaft 
Lineshaft 
Boring mill 
Lineshaft 
Boring mill 
Elevator 
Lineshaft 


Lathe 

Lineshaft 
Conveyor Shop 

Heating fan 


Forge blower 
Hot press roll 


Lineshaft 

Lineshaft 

Punch press 

Punch press 

Lineshaft 

Exhaust fan Built in 


All motors are 440-volt, three-phase, 
60-cycle General Electric type FTR, 
double-squirrel-cage induction motors, 
except those marked in this table with 
an asterisk (*). 

*Type MT, General Electric, 440- 
volt, three-phase, 60-cycle, slip-ring 
motors. 


transformer secondary to a three- 
pole, double-throw knife switch 
which is placed on the wall of the 
substation. The switch blades are 
connected to the fire-pump motor 
control in the pump room. The light 
and power supply for the substation 
and boiler room is controlled by 
another three-pole, double-throw 
switch in the same manner as is the 
pump-room service. The two 
switches, however, are located in the 
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substation at a considerable dis- 
tance apart and on different walls of 
the room, so that there will be less 
likelihood of confusing them. 

The double-throw switches for 
each service are connected so that 
with both switches “up” they connect 
to the secondary of the same power 
transformer. Similarly, if both 
switches are down, the connection 
is made to the other power trans- 
former secondary. When both power 
transformers are in service, these 
switches can be thrown either both 
“up” or both down,“ or one “up” 
and one down.“ It is desirable, 
however, that both of them always 
be thrown in the same direction. 
Why this is so is probably best 
shown by analyzing the operating 
conditions. Suppose, for example, 
that both switches are thrown “up,” 
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| um on ceiling 
below . 


acl = 
1888 


U e: 


that is, taking power from trans- 
former No. 1. Assume that trans- 
former No. 1 fails and is auto- 
matically taken out of service by the 
protective relays; the failure of 
transformer No. 1 would put out the 
substation lights and the operator 
would then transfer the station light 
and power to transformer No. 2 by 
throwing the service switch “down.” 
The next move would be to throw 
the fire-pump service switch “down,” 
or onto transformer No. 2, and thus 
restore the fire-pump service. 

If the substation were operating 
with both switches “down,” or on 
transformer No. 2, and transformer 


This shows the layout of the dis- 
tribution system and the location 
of the power and lighting cabinets 
in the various departments. 
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This equipment in the substation is 
placed opposite the switchboard. 


Either of the two Allis-Chalmers 
100-kw. motor-generator sets is cap- 
able of supplying enough direct cur- 
rent to operate all of the d. c. eauip- 
ment which still remains in the 
plant. These sets, however, were 
required to supply direct current 
during the change-over, before all 
of the new a. c. equipment had been 
installed. The two Worthington, 
two-stage, cross-connected air com- 
pressors are driven. by 105-hp 
(center) and 185-hp. (left) Allis- 
Chalmers, 440-volt, 60-cycle, three- 
phase, synchronous motors excited 
from a 20-kw. m. g. set. 


No. 2 should fail, the above cycle of 
operations would be repeated and 
service restored by throwing both 
switches “up” which would transfer 
the load to transformer No. 1. 

The objection to operating with 
one switch “up” and the other 
“down” is as follows: Suppose the 
substation service switch is thrown 
“up,” or on transformer No. 1 and 
the fire-pump service switch is 
“down,” on transformer No. 2. In 
case transformer No. 2 fails and is 
automatically taken out of service, 
the substation light and power sup- 
ply would not be interrupted because 
it is connected to transformer No. 1. 
The signal horn would blow and the 
operator would be busy notifying the 
load dispatcher and looking after the 
load on the switchboard. This pre- 
sents the possibility of forgetting to 
throw the fire-pump service switch 
“up,” and thus leave the plant with- 
out fire protection. 

Power is distributed from the 
switchboard to the various depart- 
ments, as already mentioned, by 
separate feeders in conduits extend- 
ing from the various panels as indi- 


æ AC cabinet 
er D.C. cabinet 


eS ae 


u 
' r 
~ Machine shop | 
' 
ne J 500000 CM,- \5" 
0 | 
0 
Dotted fir gs ndica ke | 
\cables running on , 
basernent ceiling | 


j h chouse 
| MM, wright I stories 


shop 


æ Junction box 
b Transformer switch 


© Light ing cabinet 


ä—Nmö—ü[„—ö — ee ew - —— = = 


z 
3-400000 CM - 


Conveyor shop 


+3 S0Q000 C 3 | ö 
< — [See SS 


m = i 
. — 9 es | x= — . ) 


3-500000 CM3 r 


Office building : ee 


Sshri y 
* 2 PE * 


206 


cated. The feeders go down from 
the back of the switchboard into an 
18-in. by 18-in. trench in the concrete 
floor, with a slate cover. In this 
trench there are three 3-in. conduits, 
each of which contains three 500,000- 
circ. mil, Habirshaw rubber-covered 
cables, and three 3-in. conduits, each 
containing three 400,000-circ. mil 
r.c. cables for the a.c. distribution 
system. Direct current is also dis- 
tributed from the switchboard 
through two 8-in. conduits, each con- 
taining two 6500,000-circ. mil, r.c. 
cables. 

All but one feeder line crosses 
underneath the railroad tracks in a 
16-in. by 28-in. pipe duct under- 
ground, which extends into the base- 
ment of the machine shop. The 
layout of the distribution system be- 
tween the switchboard and the de- 
partment cabinets is shown in the 
accompanying drawing on page 205. 


Starting equipment and control for 
two of the motors. 


All constant-speed motors are Gen- 
eral Electric type FTR, 60-cycle 
440-volt, polyphase, double-squirrel- 
cage induction motors which may be 
started directly across the line. The 
motors are controlled by start-and- 
stop push buttons (one may be seen 
on the side of the magnetic switch) 
which operate through General 
Electric type CR-7006-D5 enclosed 
magnetic switches. The safety 
switch placed above the magnetic 
switch is a Westinghouse type 
WK-60 which serves as a discon- 
nect. From the control equipment 
the motor feeders are carried in 
conduit underneath the floor and 
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The dotted lines indicate that the 
conduit runs are carried underneath 
the basement floor. The solid lines 
indicate conduit runs on the walls 


Table IV—Phase Balancing of 


Lighting Load 
LOAD SERVICE PHASB 
$7.5 kva. Office building—Lighting C-A 
37.6 kva. Sheet-metal shop— Welders B-C 
15 kva. Sheet-metal shop—Lighting A-B 
15 kva. Warehouse—Lighting A-B 
10 kva. Foundry—Lighting A-B 
15 kva. Foundry—Lighting B-C 
25 kva. Machine shop—Lighting C-A 
25 kva. Machine shop—Lighting A-B 
15 kva. Conveyor shop— Lighting B- C 
5 kva. Substation— Lighting CA 


or ceilings. The locations of the 
various junction boxes and cabinets 
are also indicated. 

In the layout of this distribution 
system the substation and main 
feeder lines were designed for an 
ultimate capacity of practically twice 
our present requirements, which are 
now supplied by the two 450-kva. 
main transformers. The incoming 
line room and transformer vault 
were built to hold two 1,000-kva. 
transformers and the switchboard 
and distribution lines will care for 
the load when the time comes. By 
that time, the feeders between the 
distribution cabinets and the various 
machines will most likely require 
relocation and any necessary in- 


creases in the size of wire in the 
conduits from the cabinets to the 
machines can be made at that time. 
However, in no case is the wiring 
figured so closely that some increased 
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load cannot be taken ga- e of now. 

Wherever possible, the conduit is 
exposed and supported by pipe straps 
on all runs. In all cases, where pos- 
sible, the conduit was placed in long 
runs with the necessary pull boxes 
installed in the runs to facilitate 
pulling in the wire. One of the steel 
distribution cabinets is shown in 
an accompanying illustration. The 
amount of wire, conduit, fittings and 
other material and equipment used 
on the job is given in Table II. The 
total cost, including installation, of 
the equipment and distribution sys- 
tem was approximately $150,000. 

There are in all about 85 alternat- 
ing-current motors in this plant, 
varying in rating from % hp. to 
75 hp., with an aggregate rating 
of 950 hp. A partial list of the 
motors is given in Table III. This 
total does not include the four syn- 
chronous motors on the motor- 
generator sets or connected to the 
compressors and the 100-hp. fire- 
pump motor. 

As stated before, it was considered 
desirable to continue the use of 
direct-current motors totaling about 
800 hp. This was particularly true 
of the crane and elevator service 
where the motors are built into the 
equipment. In the case of the belted 
elevators, however, the d.c. motors 
were removed and high-resistance, 
squirrel-cage motors installed in 
their place. 

Current for lighting the départ: 
ments is stepped down by a 2:1 
ratio transformer to 220/110 volts. 
In this way, the lighting load of each 
department is included in the power 
load of that department. These 
lighting service transformers are 
Packard Electric, 440/220/110-volt, 
single-phase, 60-cycle, dry type. To 
balance the system, all lighting 
transformers are connected across 
the primary phases as shown in 
Table IV. It will be noted that these 
are balanced off in groups of three, 
which leaves the 5-kva. lighting load 
in the substation as the only un- 
balanced load. 

One of the interesting features of 
this installation is the fact that we 
are operating with a power factor of 
over 90 per cent. The power com- 
pany penalizes its customers for a 
power factor below 85 per cent and 
gives a bonus for a power factor 
above 85 per cent. The high power 
factor in this plant is partially due, 
of course, to the synchronous motors 
on the air compressors and motor- 
generator sets. However, much of it 
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is due to the careful selection of the 
rating of the motors installed on the 
various drives. Ordinarily, the load 
on any motor may be obtained by 
connecting the proper indicating or 
recording instruments in the circuit. 
When studies were made on the old 
installation, we were operating at an 
absolute minimum of power require- 
ments because of the danger which 
might result from loading up the 
steam plant. After making some 
tests it was soon seen that it would 
be impossible to get any accurate 
results in this way. It then became 
necessary to select the motors for 
the different drives largely on the 
basis of judgment and the experience 
of our operating engineer as to 
whether or not the old direct-current 
motor had been heavily loaded. 

The induction motors selected will 
operate at.a power factor of about 
85 per cent when fully loaded. To 
take advantage of this high power 
factor when loaded, we selected for 
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each drive a motor of such rating 
that it would be well loaded under 
general operating conditions, even 
though it might be slightly over- 
loaded under maximum operating 
conditions, which would seldom last 
for a long period. Because the mo- 
tors are well loaded they operate at 
a high power factor which, with the 
corrective effect of the synchronous 
motors, enables us to operate at 90 
to 94 per cent power factor. 

With the exception of a few minor 
changes, the work is all completed. 
One of the big savings we have noted 
is the drop in the maintenance ex- 
pense from about $300 a month, 
which was the case when the old 
motors were in use, down to prac- 
tically nothing. Perhaps the most 
important result, although it cannot 
be measured in any monetary value, 
is the relief which comes with the 
knowledge that there will be but 
little likelihood of interruptions in 
production through power failure. 
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Construction of 
Tracing Desk Lighted 


from Beneath 


T IS often necessary to trace a 

drawing or blueprint the lines of 
which, when covered with tracing 
paper or cloth, are almost invisible. 
Holding a drawing against the 
window does not tend toward 
accuracy or neatness. Often it is 
almost necessary to redraw to get 
lines heavy enough to trace. 

This difficulty has been overcome 
in our case by the use of the spe- 
cially-lighted, glass-topped tracing 
desk shown in the accompanying 
sketch. Most gratifying results 
have been obtained and I thought 
perhaps others might have occasion 
to use it, as the desk is not only 
inexpensive, but easily made. 

This desk consists of a wooden 
box, without top or bottom, made 
in the shape and dimensions shown 
on the drawing. The corners may 
be nailed, screwed or joined as de- 
sired. Wood at least ½ in. thick, 
and preferably heavier, should be 
used. Before fastening the corners 
together the top should be rabbeted 
to a depth equal to the thickness 
of the glass. Heavy window glass 
may be used, although plate glass 
is preferable. 

The glass may be held in place 
with small, metal corner pieces, such 
as may be procured at any hardware 
store. These should be thin so as to 


interfere as little as possible with 
the drawing instruments. The left 
edge of the box may be trued up 
for the T-square. The lights and 
sockets are placed on the inside as 
shown and wired in parallel to the 
switch. The best distribution of the 
light is obtained by using the long 
type of frosted Mazda lamps, which 
are about 12 in. long by 1 in. in 
diameter. These can usually be ob- 
tained from local lamp dealers. 
material required, in addition to 
the box and glass are two lamps, 
two porcelain sockets, a snap switch, 
and 8 or 10 ft. of two-strand flexible 
cord, fitted with a plug. 

It is not necessary to place a bot- 
tom in the box although, if this desk 
is to be moved around much, it would 


Almost illegible drawings or blue- 
prints may be easily traced by the 


use of this glass-topped desk, 
which is lighted from beneath. 


The glass is set flush with the top 
of the desk by cutting a rabbet (not 
shown in the drawing) in the top 
edge of the side pieces. If the 
drawing desk is to be made larger 
& plate glass top will be necessary. 

Iso, it would then be well to add 
more lamps and fasten them alter- 
nately to the top and bottom instead 
of the sides. 


The 
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probably be safer to do so as then 
there would be no possibility of plac- 
ing the desk down on some unnoticed 
object and breaking the lamps. 
Better results may be obtained by 
painting the inside of the box white 
and, if no bottom is used, placing it. 
on a sheet of white paper. 

Bedford, Ind. AUGUST JEFFERS. 


Comment on 
Power Drive Equipment for 


Air Compressors” 


N PAGE 15 of the January 

issue, in an article entitled 
“Power Drive Equipment for Air 
Compressors” by Gordon Fox, the 
following statement was made: “It 
is quite feasible to store a large 
supply of air in a receiver, the 
latter serving primarily to prevent 
frequent starting and stopping of 
the compressor due to leakage in 
connection with a piping system of 
small volume.“ 

This sentence should have read, 
“It is not feasible to store a large 
supply of air in a receiver, the latter 
serving primarily to prevent too 
frequent starting and stopping of the 
compressor caused by leakage in 
connection with a piping system of 
small volume.”—EDITORS. 


Simple Kinks for Making 


Tight Joints 
HERE a plastic is needed for 
making a tight joint in a 
gasoline line, soap may be used. It 
has one great advantage in that it 
is available anywhere at all hours. 

For making an oil-tight joint, use 
glycerine and litharge (oxide of 
lead). Mix this into a paste of the 
consistency of thick cream and use 
it between the metal surfaces or be- 
tween metal and glass. A valuable 
property of this mixture is its elas- 
ticity for it may be put between 
surfaces that are subject to bending 
and it will not crack; this makes it 
very useful on parts that are sub- 
ject to serious vibration. 

Inserting rubber gaskets in re- 
cesses or pockets that are below the 
surface requires doubling them up 
so that they may be crowded through 
a narrow opening. When it is dif- 
ficult to get these gaskets in place, 
much can be done by lubricating 
them with thick soapy water using, 
preferably, glycerine soap. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Power Drive Equipment 
for Industrial Pumps 


together with a discussion of their operating charac- 
teristics which affect the selection of the motor, 
control, and drive connection 


the most commonplace opera- 

tions. The essence of pumping 
is power. It is said that more power 
is used for driving pumps than for 
any other kind of machine. Inas- 
much as a very large number of 
pumps are motor-driven the require- 
ments of pump drives are worthy of 
particular attention. 

The two more common types are 
reciprocating pumps and centrifugal 
pumps. Rotary displacement pumps 
are less commonly used. These three 
types differ widely in many respects. 

Reciprocating pumps work on the 
displacement principle. The action 
is positive, a fairly definite amount 
of liquid being displaced at each 
stroke of the plunger. These pumps 
are termed simplex, duplex, triplex, 
or quadruplex, according to the num- 
ber of cylinders and pistons or 
plungers. In all pumps having more 
than one plunger the cranks are an- 
gularly displaced, which tends to 


Pia of liquids is one of 


By GORDON FOX 
Electrical Engineer, Freyn Engineering 
Company, Chicago, Ill. 
equalize the liquid flow and power 
requirement. Pumps are termed sin- 
gle-acting if they displace liquid dur- 
ing one direction of travel only and 
are double-acting if the liquid is 
moved by the piston in each direc- 
tion of travel. Fig. 1 shows a duplex, 
double-acting, high-pressure recipro- 
cating pump, while a triplex pump 

installation is shown in Fig. 5. 

The torque demand of a recipro- 
cating pump is subject to periodic 
fluctuations due to varying crank ef- 
fort. The magnitude of the pulsa- 
tions is influenced by the number of 
cylinders. <A flywheel is generally 
required to assist in smoothing out 
the torque demand. 

Reciprocating pumps are normally 
slow-speed machines, the crankshafts 
usually running about 50 r.p.m. A 
gear reduction of about 4:1 is com- 
monly inserted between the crank- 
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Fig. 1—These wound-rotor motors 
drive reciprocating pumps in a 
steel mill. 


The two duplex, double-acting 
pumps deliver a pressure of 1,000 lb. 
per sq.in. to an accumulator shown 
at the extreme left. This high 
pressure is used as a power trans- 
mitting medium for certain steel 
mill equipment. Cutler-Hammer 
automatic control panels start and 
stop the motors, through the action 
of a float or limit switch shown at 
the left, mounted adjacent to the 
accumulator. Two gear reductions 
are used to get the proper speed. 


shaft and driven shift, which thus 


revolves about 200 r.p.m., as shown 
in Figs. 1 and 5. The motor may be 
connected to this driven shaft 
through a belt, gear, or silent-chain 
drive. In some instances synchron- 
ous motors are coupled directly to 
this shaft. 

Reciprocating pumps have, in gen- 
eral, the following advantages: (1) 
Their efficiency, at high heads, is 
usually higher than that of centrifu- 
gal pumps. (2) They may be em- 
ployed for higher heads than are ob- 
tainable with centrifugal pumps. (3) 
They are more simple where small 
quantities of liquid are required at 
high heads. (4) They give positive 
delivery and will usually start with- 
out priming. 

The capacity of a reciprocating 
pump in gallons per minute may be 
found by the formula, 

= O. 0034 Nd K, where 

S capacity in gal. per min. 

N=effective strokes per min. 

d—piston diameter, in inches. 

L=length of stroke in inches. 
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K=a constant, a measure of the 
slip or leakage. It varies from 0.7 
to 0.97 depending on conditions. An 
average value of K is 0.95. 

The power required by any pump 
may be expressed by the formula, 
Hp. (OP) (1718 KE), or (QX 
H) - (3960 E), where 

delivery in gal. per min. 

P pressure in lb. per sq. in. 

H- total head in feet. 

E pump efficiency. 

Average values of efficiencies for 
reciprocating pumps are given in 
Table I. 


Very small pumps have lower effi- 


ciencies, as low as 25 per cent. 
Reciprocating pumps displace a 
fairly definite volume of liquid at 
each stroke. The following condi- 
tions, therefore, apply to pumps of 
this type: (1) Reduction of head af- 
fects the volume or quantity deliv- 
ered very little. (2) Reduction of 
head affects power required in direct 
proportion to the reduction. (3) 
Variation in speed when the pump 
is operating against constant head, 
causes the volume to vary in direct 
proportion. (4) Variation in speed, 
when operating against constant 
head, causes the power required to 
vary in direct proportion. The 
torque is fixed if head is constant. 
A rotary pump displaces a definite 
quantity of fluid at each revolution 
of the pump rotor. This type of 
pump works under variable heads 
with a constant rate of discharge so 
long as the speed remains constant. 
Hence, if the speed is constant, the 
power required is directly propor- 
tional to the total head; or if the 
head is constant and the speed 
changed the power and rate of dis- 
charge vary directly as the speed. 
The power requirement of the ro- 
tary pump is similar in all respects 


to that of the reciprocating pump and 
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the power formula given on this page 
may be used. The relations of 
torque, power, speed, and volume are 
the same as with reciprocating 
pumps. 

The rotary pump is similar to the 
positive displacement rotary blower. 
Quite commonly the rotors have 


SELECTION of motors and 
auxiliary equipment for in- 
dustrial applications is the 
subject of this series of 
articles by Gordon Fox. Pre- 
vious articles of this series 
have appeared in the Janu- 
ary and March issues. The 
accompanying article dis- 
cusses the characteristics of 
reciprocating, rotary and cen- 
trifugal pumps, with refer- 
ə ence to the application of 
motors to each type. A suc- 
ceeding article will go into 
greater detail regarding the 
motors, control and auxiliary 
equipment best suited for 
pump applications. 


This type of pump is 
used only in small sizes and for mod- 


three lobes. 


erate heads. For this service it en- 
joys the advantages of simplicity and 
absence of valves and packing. The 
pumping action of the rotary pump 
resembles that of the multiple cyl- 
inder reciprocating pump in its posi- 


Figs. 2 and 3—Power required by 
centrifugal pump running at con- 
stant speed. 

The power input required by a 
given pump varies with the number 
of gallons per minute delivered by 
the pump. The latter in turn de- 
pends upon the head pumped 
against. These relations are shown 
in the brake horsepower and capac- 
ity curves in both graphs. Fig. 2 
on the left is for a pump having a 
steep capacity-head characteristic, 
while Fig. 3 is for a pump having 
a flat capacity-head characteristic. 
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tive action, definite displacement, and 
somewhat pulsating delivery and 
torque. The speeds of rotary pumps 
are usually so low that motors of 
ordinary speed must be geared or 
belted to the pump shaft. Fig. 6 
shows an installation of rotary 
pumps in which speed reducers are 
used to obtain the desired speed. 
Single-stage centrifugal pumps 
having a volute casing are used for 
low-head service up to about 200 ft. 
Multi-stage pumps are used for 
higher heads. Pumps of the latter 
type may be operated in series to 
develop heads up to 2,000 ft. Single- 
stage centrifugal pumps are illus- 
trated in Fig. 8 while Fig. 7 shows 
an installation of multi-stage pumps. 
Centrifugal pumps for moderate 
and high heads, and all multi-stage 
pumps, are inherently high-speed de- 
vices. Low-head pumps, particularly 
for large capacities, normally oper- 
ate at moderate speeds and some- 
times at low speeds.» The tendency 


in general is toward high speeds as 


the impeller diameter and pump size 
are reduced thereby and the best ef- 
ficiencies are usually attained. In 
the multi-stage pump the number of 
stages required may be less at a 
higher speed. 

Centrifugal pumps have the fol- 
lowing general advantages over other 
types of pumps: 

(1) Simplicity, with minimum num- 
ber of wearing parts. 

(2) Due to the high speeds used, 
they are relatively small, compact, and 
low in first cost. 

(3) They will handle dirty water, 
sewage, and water containing solids 
up to 40 per cent if designed especially 
for this requirement. 

(4) They will not develop pressure 
beyond a predetermined value, in case 
flow is shut off. They may, therefore, 
be used on closed hydraulic systems to 
maintain a fixed pressure, churning 
during idle periods. 
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(5) They deliver a steady flow at 
uniform pressure. 

(6) They enable the use of high- 
speed, efficient motors of low first cost. 

(7) They are more efficient than re- 
ciprocating pumps for low-head service. 

(8) They will handle hot water to 
advantage. 

The. capacity of a centrifugal 
pump depends largely upon design 
details and cannot be determined by 


a general formula but must be ob- 


tained from the pump manufactur- 
er’s rating or curves. 

The power required to drive a cen- 
trifugal pump can be determined by 
formulas given for reciprocating 
pumps on page 209. 

Table II on page 211 gives ap- 
proximate average values of efficiency 
for various centrifugal pumps when 
pumping clean water. Pumps hav- 
ing a high suction lift, such as con- 
denser removal pumps and conden- 
sate pumps, have slightly lower effi- 
ciencies than those given in Table II. 

As a general rule, head, speed, and 
power relations may be considered 
only by means of characteristic 
curves. The characteristic curves of 
a given pump show the efficiency, 
power input, and head developed, 
plotted as ordinates against volume 
or gal. per min. as abscissas. Fig. 
2 shows the characteristic curves of 
a pump having steep capacity-head 
or Q-H characteristic, while Fig. 3 
shows the characteristic curves of a 
pump having a flat capacity-head 
characteristic. The principal factor 
affecting the capacity-head charac- 
teristic of a centrifugal pump is the 
angle of the impeller blades at their 
tips. If the tips are radial or curved 
forward, in the direction of rotation, 
the head will be maintained as the 
delivery increases, as shown in Fig. 
3. However, if the blades curve 
backward, the head will fall off with 
increase of delivery, as in Fig. 2. 

The head of a system is composed 
of the following: 


(1) Suction lift or intake head if 
the supply is above the pump. This 
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Fig. 4—This curve shows the total 
head required for various deliv- 
eries in gal. per min. on a given 
system. 


The head of a system consists of 
the static head composed of suction 
lift and discharge head, the total of 
which is constant for a given ma- 
tem, as shown in the diagram. - 
perimposed on this is the friction 
head and velocity head which var 

with the flow of liquid. The head 
delivered by a pump must equal the 
system head for the particular ca- 
pacity or delivery required in order 
to maintain a condition of equi- 
librium. 


may be somewhat variable in amount. 

(2) Discharge head or elevation of 
the water column in the system above 
the pump. This may vary between 
limits. 

The combination of (1) and (2) is 
cominonly termed the static head. 

(3) Friction head, due to friction in 
pipes, fittings and valves. This is de- 
termined from tables of losses in pipe 
lines and fittings and varies with the 
volume, being proportional to the 
square of the volume and velocity. 

(4) Velocity head 64.4, where 
V is discharge velocity in ft. per sec. 
at discharge nozzle of pump. 

The head of a system is commonly 


Fig. 5—Due to the heavy starting 
torque required, wound-rotor mo- 
tors were selected for these triplex 
pumps. | 

These Gould pumps are installed at 


Central Mercedita of Yabucas, a 
sugar mill in Porto Rico. | 
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represented by a curve, as shown in 
Fig. 4, which shows the static head 
with no flow and the head increas- 
ing with the flow. The friction head 
in piping must not be neglected, lest 
the volume delivered by a centrifugal 
pump fall short of that desired or 
the motor driving a reciprocating 
pump be overloaded. The head de- 
veloped by a pump must equal the 
head of the system on which it is 
working, to give a condition of equi- 
librium. Hence, if we superimpose 
the curve of system head upon the 
curve of the pump head, the point 
of intersection represents the condi- 
tion of equilibrium and the corre- 
sponding volume gives the flow which 
will occur under the given condition. 
The corresponding horsepower also 
may be read from the power curve. 

The operating characteristics of 
centrifugal pumps differ radically 
from those of reciprocating pumps. 
The characteristics of centrifugal 
pumps follow these general rules: 

(1) With constant speed, the volume 
will vary inversely as some function 
of the head, depending on the pump 
characteristic. Reduction of head 
causes great increase in volume deliv- 
ered if the pump has a flat capacity- 
head curve and relatively small increase 
in volume if the pump has a steep ca- 
pacity-head curve. 

(2) With constant head applied, the 
volume will vary as some function of 
the pump speed depending on the pump 
characteristic. Variation in speed 
causes relatively great change in vol- 
ume if the pump has a flat capacity- 
head curve and less change in volume 
if the pump has a steep capacity-head 
curve. If there is no static head, the 
volume varies directly with the speed. 

(3) The head developed by a cen- 
trifugal pump is proportional to the 
square of its speed. The volume varies 
as the speed, if there is no static head. 
If there is a static head, the relation 
is not directly proportional. 

(4) The power required by a cen- 
trifugal pump is a function of its vol- 
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ume and head and will vary materially 
as these vary. If there is no static 
head, the power required varies as the 
cube of the speed. 


Although the centrifugal pump is 
similar in principle to the centrifugal 
fan, its performance is materially 
affected by the presence of static 
head which is independent of volume. 
The system head of a fan commonly 
varies as the square of the velocity. 
The system head of a pump com- 
monly comprises the more or less 
fixed static head and the friction and 
discharge heads. The latter two 
components vary with the square of 
the velocity. If there is no static 
head, the pump and the fan are com- 
parable. 

It is universally true, within lim- 
its, that the capacity of a centrifugal 
pump varies directly with the speed 
and that the head developed varies 
with the square of the speed. When 
the system head is comprised par- 
tially of static head, however, the in- 
tersection or operating balance be- 
tween pump head and system head 
occurs at a different point on the 
pump characteristic when the speed 
is changed, so that the actual re- 
sulting volume and head are not di- 
rectly calculable. 

To determine the effect of any 
changed conditions, new curves 
should be plotted and the correspond- 
ing balance point determined. If a 
change is made in the system head 
by throttling the discharge, the fric- 
tion head will be increased so that 
the system head curve will bend more 
rapidly and a condition of equi- 
librium will occur at a lower volume 
and lesser power input. If the 
change is in the static head, as by a 
change in standpipe level, the sys- 
tem head curve will have its orig- 
inal curvature but will be higher or 
lower an amount corresponding to 
the change in static head. If the 
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Table I—Average Efficiency 
of Reciprocating Pumps 


HEAD PUMPED 
AGAINST IN Fr. 


EFFICIENCY 


Table II- Average Efficiency 
of Centrifugal Pumps 


RATING OF PUMP 
EFFICIENCY 
GAL. PER CENT 


PER MIN. 


100 
500 


HEAD IN Fr. 


10 to 50 25 to 50 
10 50 


1000 
2000 
4000 


8000 


static head will fluctuate between 
limits the two system head curves 
may be plotted corresponding to 
these limits and the corresponding 
points of balance limiting the oper- 
ating range determined. 

A centrifugal pump has high effi- 
ciencies over a portion of its possi- 
ble operating range and low effi- 
ciencies over other portions. From 
a power consumption viewpoint it is 
important that a pump be selected 
which will normally operate within 
the efficient portion of its range. If 
the pump is to operate against a 


Fig. 6—Squirrel-cage motors driv- 
ing through speed reducers are used 
on these rotary pumps. 


This installation of Bowser rotary 

pumps is in the East Pittsburgh 

plant of the Westinghouse Electric 
Manufacturing Company. 
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range of heads, as against a floating 
standpipe, the range of heads and the 
range of good pump efficiencies 
should coincide. Power losses due 
to inefficient pump operation may be 
of great magnitude as compared with 
motor losses. Pumps operated off- 
rating may be very inefficient. The 
over-all efficiency of pump and drive 
is the important result desired. 

Volute pumps retain good effi- 
ciencies over a range of speeds if 
operated at favorable heads and vol- 
umes corresponding to the respective 
speeds. On high-pressure, multi- 
stage pumps, any departure from the 
most efficient speed is usually at- 
tended by considerable decrease in 
efficiency. 

Pumps are driven by many types 
of motors, notably shunt and com- 
pound-wound motors of both con- 
stant- and adjustable-speed ratings, 
induction motors, brush-shifting 
commutator motors, and synchronous 
motors. The basis of motor selec- 
tion involves the type of pump, na- 
ture of service, and electric system 
available. 

The requirements of pump drives 
can nearly always be handled satis- 
factorily by some type of alternat- 
ing-current motor. Unless direct 
current alone is available alternat- 
ing current is ordinarily to be pre- 
ferred both from the supply stand- 
point and for reasons of motor 
suitability. 

The great majority of pumps oper- 
ate at constant speed. For these 
drives the induction motor is emi- 
nently suited. Squirrel-cage motors, 
in sizes up to 500 hp., may be em- 
ployed to drive centrifugal pumps 
but it is more common practice to 
use wound-rotor motors above 100 
hp., or 200 hp., according to the na- 
ture of the supply system, so as to 
avoid objectionable starting current 
peaks. The induction motor with 
double squirrel-cage winding is now 
being adopted in some cases where 
it is desired to connect the motor 
directly across full voltage at start. 

Starting conditions are more se- 
vere with reciprocating pumps, par- 
ticularly when starting under load. 
Wound-rotor motors, as shown in 
Figs. 1 and 5, are commonly used for 
driving this type of pump in all but 
the smallest sizes. 

Squirrel-cage induction motors and 
automatic-start motors are well 
suited for driving the smaller rotary 
pumps. Wound-rotor induction mo- 
tors are desirable above 50 hp., pri- 
marily because of starting perform- 


ance. In general the speeds of 
rotary pumps are rather low so that 
gear drive from a higher-speed motor 
is the most economical combination. 
Fig. 6 shows squirrel-cage motors 
connected to rotary pumps through 
speed reducers. 

Special considerations as to the 
liquid pumped, such as gasoline, or 
benzine, may dictate the use of squir- 
rel-cage motors and _ oil-immersed 
control equipment so as to avoid ex- 
plosion and fire risk. 

The synchronous motor is used to 
some extent for driving centrifugal 
pumps, notably in the larger sizes for 
pumps operating continuously. The 
high-speed synchronous motor has 
little advantage over the induction 
motor in the matter of efficiency. It 
has some advantage in the matter 
of power factor, but a high-speed in- 
duction motor driving a pump with 
a continuously maintained load, does 
not have a low power factor. In 
some instances synchronous motors 
are not available at the high speed 
most suitable for the pump. For 
large, low-speed pumps used for low 
and moderate heads, the synchronous 
motor is well adapted. 

In applying a self-starting syn- 
chronous motor to a centrifugal pump 
drive, the pull-in torque is a main 
consideration. The starting torque 
is much less than the pull-in torque. 
The pump should be started with the 


Fig. 8.— The characteristics of the 
squirrel-cage motor make it the 
ideal drive for centrifugal pumps 
of the smaller capacities. 


Westinghouse squirrel-cage motors 
and compensators are used on these 
Cameron centrifugal pumps. 


discharge valve closed. The pull-in 
torque then required for churning 
will be about 50 to 60 per cent of 
full-load torque. Synchronous mo- 
tors will develop this amount of 
torque without excessive current in- 
put. Starting conditions should be 
checked, however, whenever syn- 
chronous motors are applied to cen- 
trifugal pumps. 

The synchronous motor offers one 
advantage in some instances, in that 
its torque decreases with decrease in 
voltage (with maintained excitation) 
less rapidly than that of the induc- 
tion motor. 

The 60-cycle system has a measure 
of advantage as related to centrifu- 
gal pump drives, as it offers a syn- 
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Fig. 7— Synchronous motors are 
used on these multi-stage centrifu- 
gal pumps. 


These pumps are installed in a col- 
liery of the Lehigh Valley Coal Co. 
The Allis-Chalmers centrifugal 
pumps are driven by Electric Ma- 
chinery Co., coupled, bracket-type, 
Synchronous motors rated at 300 hp., 
1,200 r.p.m., 2,200 volts. The mo- 
tors are remote controlled, a start- 
stop, push-button switch being lo- 
cated at the instrument board 
mounted over each motor. Cutler 
Hammer pressure and vacuum reg- 
ulators are mounted on each instru- 
ment panel for controlling the oper- 
ation of the pumps. 


chronous speed of 1,800 r.p.m. which 
is often more advantageous than the 
maximum of 1,500 r.p.m. available 
with 25 cycles. It also offers a 
greater variety of speeds. 

Where direct current only is 
available the compound-wound motor 
is usually to be preferred for con- 
stant-speed pump drives. This type 
of motor is desirable for use with 
reciprocating pumps partly because 
of its better ability to meet the se- 
vere starting requirement. Shunt- 
wound motors are not well adapted 
to centrifugal pump drives as they 
are too sensitive to voltage fluctua- 
tion. The centrifugal pump, with its 
column of water, represents a load 
of high inertia. A compound-wound 
motor for centrifugal pump service 
should have only a moderate series 
field, approximately 10 per cent series 
ampere-turns. Such motors are 


available, having been specifically de- 
signed for this service. 

In a concluding article, to be pub- 
lished in a succeeding issue, the ap- 
plication of the various types of mo- 
tors to the different forms of pumps 
will be considered more in detail. 
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PREVIOUS ARTICLES in this series on 
lubrication, which have appeared in In- 
dustrial Engineer are “Using Oils and 
Greases for Industrial Lubrication” in 
the December, 1925, issue, and “Specifica- 
tions for Oil and Grease Lubricants” in 
the March, 1926, issue. This present article 
will cover briefly a discussion of some of 
the methods and equipment used in the 
application of lubricants to lineshafts and 
machines. The lubrication of engines and 
turbines will not be included as this is an 
extensive subject in itself; the lubrication 
of motors will be covered in a later article. 


Some types of 
Equipment 
Used for 


Applying 
Lubricants 


either continuously or in- 
termittently to the differ- 
ent designs of bearings 
used on machines and 
lineshafts 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


ETHODS of applying lubric- 
M ants depend largely upon the 

provision for lubrication 
which was made by the manufac- 
turer of the equipment and on the 
type of lubricant used. Even though 
much of the responsibility for the 
necessity of machine and drive 
maintenance is due to the use of the 
wrong type of lubricant or to its im- 
proper application, this problem is 
only beginning to receive its proper 
recognition and consideration in in- 
dustrial plants. 

The development of improved 
methods of lubricating industrial 
and power-transmission machinery 
has been along the lines of improved 
bearings, investigations to determine 
the proper lubricant for each class 
of work, and improved methods of 
applying it. In the old-time rough 
bearing, which did not fit closely on 
its shaft, the main problem was to 
apply sufficient lubricant frequently 
enough to maintain an oil film be- 
tween the shaft and each bearing. 
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Oil 


was applied periodically by 
means of a hand oiler; a bearing 
which was forgotten would often 


cause trouble later. Due to the fact 
that oil could run out of the open 
bearings so easily, the use of grease 
instead of oil became more common. 
The first improvements made in 
bearings were along the lines of 
making better bearing metal, in- 
vestigations into the proper types 
of oil grooves, and bearings which 
fitted more closely on the shaft. More 
recently, when studying lubrication 
problems, attention has been directed 
towards the use of the proper lub- 
ricant for each type of service and 
operating condition and toward the 
improvement in methods of applying 
the lubricant. 

It was realized in these early 
studies that any interruption to the 
main power transmission service 
would interrupt an entire group of 
machines and so effort was directed 
toward the development of reliable 
power transmission bearings. As a 
result the ring, chain, wick and col- 
lar types of bearing oiling systems 
were developed. The bearing in 
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Here a Zerk-Alemite compressor or grease 
gun with the low-pressure nozzle is being 
used to fill Hyatt hanger bearings. 


each of these cases consists of a res- 
ervoir with one of the above devices 
for carrying and distributing the oil 
over the surface of the shaft. All 
of these bearings are well known 
and have been described in a pre- 
vious article in the May, 1924, issue 
of INDUSTRIAL ENGINEER entitled, 
“Babbitt, Ball and Roller Hanger 
Bearings,” and so will not be taken 
up at length here. The development 
of the automobile has been responsi- 
ble for much of the investigation and 
study of lubrication problems. The 
results are being applied to the solu- 
tion of industrial problems. 

It is rather difficult to classify the 
equipment and methods of applying 
lubricants. This is largely due to 
the fact that greases and oils are 
both used as lubricants and also be- 
cause of the wide variety and vary- 
ing types of operating services 
which are found in industrial plants. 
Devices for applying lubricants, 
however, fall roughly into three gen- 
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eral classes: (1) Oil or grease con- 
tainers located on the bearings; 
from these containers the lubricant 
drips or flows onto the shaft. (2) 
An oil reservoir around or near the 
bearing surface, together with some 
method of carrying the lubricant to 
the bearing surface; ball and roller 
bearings and bearings with the wick, 
ring, chain, collar, or splash type of 
lubrication belong in this class. 
(8) Pressure feed lubrication. This 
third class of lubricating equipment 
may be further suhdivided into: (a) 
Continuous, such as where the pres- 
sure is applied by a pump or by a 
ratchet operated by a stroke or 
movement of the machine, or by the 
pressure of gravity from a storage 
tank placed overhead. (b) Inter- 
mittent, such as the stationary or 
portable grease guns which are op- 
erated at intervals by hand. (c) 
Circulating systems which differ 
from classification (d) in that the 
oil is circulated through the bear- 
ings, cleaned (in some cases), and 
recirculated. 

The use of a closed container, such 
as an oil or a grease cup, is one of 
the most commonly used methods of 
applying lubricants. These cups are 
attached to the bearings and feed 
the lubricants through an opening or 
oil hole. These cups are of such a 
variety of types and are so well 
known that it is not necessary to go 
into extensive detail in explanation 
or illustration of them. Many types 
of oi] cups can be regulated to feed 
a drop of oil regularly and are pro- 
vided with sights so that their op- 
eration may be observed. Grease 
cups are frequently provided with 
springs behind a diaphragm which 
apply pressure to the grease. 
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Two of the important advantages 
of the closed oil or grease cups are 
that they require only periodic at- 
tention and that they also cover the 
oil hole so that dust cannot enter. 
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An example of a bottle oiler and 
one method of application. 


The description of this oiler is given 
in the text. The projecting sleeve 
fits into the oil hole and the spindle 
touches the shaft. The illustration 


to the grease 
pocket of an old bearing. 


In very dusty locations, however, 
care must be exercised in the filling 
of these containers, particularly 
grease cups, so that dust and dirt 
do not get into the grease and find 
their way into the bearings. On 
some machines, particularly in those 
industries in which dust is not cre- 


ated to any extent in the process 


Two different types of positive-feed 
lubricating systems which are used 
in industrial plants. 


The illustration at the left shows a 
Madison-Kipp lubricator (Madison- 
Kipp Corp., Madison, Wis.) which 
lubricates not only the bearings, 
but also the slide of a shaper. The 
oil feed adjustment is set so that 
one filling will last about a month. 
The amount of oil remaining in the 
lubricator, which is located at the 
lower corner of the machine, is in- 
dicated 5 an oil gage. The lubri- 
cator rocker arm is actuated from 
the crossfeed mechanism. The eye 
spring forming machine at the right 
is lubricated by a McCord lubricator 
(McCord Radiator & panulactuning 
Co., Detroit, Mich.) which is locate 

on the front of the machine and 
distributes the oil to the various 
bearing surfaces through a system 
of pipes which may be seen in the 
illustration. 
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or operation, oil holes are found in 
considerable number. However, the 
tendency in lubrication practice is 
largely toward protecting these 
openings at least with some type of 
small cap which automatically keeps 
the opening closed. Manufacturers 
of a large proportion of the better 
class of machinery provide a more 
positive type of lubrication wherever 
possible. However, on many types 
of machines, particularly those used 
where the work requires only inter- 
mittent operation, oil cups have 
many advantages. All oilers of this 
type are filled by hand. 

The rate of feed on sight-feed oil- 
ers is usually measured by the num- 
ber of drops per minute. The gen- 
eral practice with these oilers is to 
feed the oil too rapidly; this gives 
the bearing too much oil which fre- 
quently causes as much trouble as 
too little oil. In practically all cases 
any excess of oil runs out, catches 
dust, and dirties up the machine. 
In addition, there is the cost of the 
unnecessary excess oil used. Pres- 
sure feeding grease cups usually 
have some method of regulating the 
fiow of the grease and also of shut- 
ting it off when the bearing is idle, 
either by relieving the pressure, or 
by closing up the connection between 
the grease reservoir and the bear- 
ings, as shown in the accompanying 
illustration of a Chicago automatic 
spring compression grease cup. Cups 
of this general type will feed any 
non-liquid lubricant. The amount of 
lubricant in the cup is indicated by 
the height of the feed screw; the 
flow is regulated by the stopcock in 
the stem. 

The bottle oiler, which is shown 
in the illustration on this page, is a 
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simple oil container and provides an 
easy method of automatically apply- 
ing the lubricant to a bearing. This 
oiler consists of three essential 
parts: A glass container or bottle of 
about 4-oz. capacity, a tight-fitting 
cap, and a spindle. The boftle has 
a short neck and a threaded ferrule 
on which the cap can be screwed. 
The cap is threaded to fit the ferrule 
on the bottle, and contains a washer 
which makes a tight joint on the 
neck of the bottle. This cap has a 
projecting sleeve which is drilled to 
permit free movement of the spindle. 
The spindle consists of a straight 
piece of round steel about 0.187 in. 
in diameter. One end is flattened 
and placed inside the bottle to pre- 
vent the spindle from dropping out. 
In use the bottle oiler is placed in 
an inverted position (with the cap 
down) and supported in the bearing 
so that the end of the spindle rests 
on the journal or shaft. Since the 
bottle oiler is inverted and air tight, 
except for the spindle clearance, oil 
cannot leak out unless air enters. 
When the shaft is stationary, no air 
enters the bottom and no oil is lost. 
When the shaft is in operation the 
spindle of the bottle oiler is given a 
motion so slight that it can scarcely 
be detected. This motion is suffici- 
ent, however, to result in a pumping 
action which causes air to enter and 
oil to leave the bottle at a very slow 
but uniform rate through the small 
clearance space between the spindle 
and sleeve. As the oil flows down 
the spindle to the shaft, it is dis- 
tributed to the bearing surfaces and 
so builds up the oil films. 

Small bearings up to about 6 in. 
in length, can generally be lubricated 
satisfactorily by a single oiler unless 
the shaft is over 3 in. in diameter. 

Two bottle oilers will generally 
take care of any lubricating demand, 
on bearings up to 10 in. in length 
and on shafts under 6 in. diameter. 
On large shafts or long bearings 
three or more bottle oilers are fre- 
quently used. These general consid- 
erations, are of course, influenced by 
the load on the bearing and the speed 
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The Zerk-Alemite grease guns or 
compressors are filled through the 
pistol grip handle. 


This type of gun is used for lubri- 
cating bearings or lubricant con- 
tainers under pressure. This 
compressor has a different type of 
nozzle from that used in lling 
cavity bearings, such as on a roller- 
bearing lineshaft, as shown in the 
illustration at the head of this 
article. One turn of the crank on 


the handle 
amount of grease into the bearing. 


of the shaft. Heavily loaded bear- 
ings, of course, require more lubrica- 


tion than bearings which merely sup- 


port the weight of the shaft. Also, 
slow-speed bearings reduce the ac- 
tivity of the spindle of the bottle 
oiler and therefore require a greater 
number of oilers than have been in- 
dicated in the general statement just 
given. Slow speed also causes poor 
oil distribution and so the oil should 
be applied in more places along the 
length of the shaft. 


215 


Bottle oilers may be used on the 
lubrication of almost any kind of 
horizontal bearings on shafting and 
machinery. The bottles, with spin- 
dles and caps attached, are filled in 
the oil room and interchanged at the 
machine. If this is done carefully, 
there is little opportunity for dust or 
dirt to enter the bearings. Bottle oil- 
ers are often used on bearings diffi- 
cult of access while the machine is in 
operation. The oilers may be filled 
and inserted while the machine is idle 
and as they usually contain enough 
lubricant to last a week or more, 
even under continuous operation, the 
lubrication problem is cared for until 
the machine is shut down at the end 
of the week. This removes the ne- 
cessity of shutting down for oiling, 
and also relieves the operator of the 
annoyance and danger of oiling in- 
conveniently-located bearings while 
the machine is in operation. 

When necessary these oilers may 
be mounted in an inclined position, 
providing the angle from the vertical 
does not exceed 30 deg. In such 
cases, the spindle rests squarely on 
the journal. A single example of 
the advantages of using a bottle oiler 
to regulate the flow of the oil, in- 
stead of relying on the haphazard 
method of oiling a bearing whenever 
the operator thinks about it, is taken 
from the experience with a blower 
located in a very dusty place. Under 
the former method of lubricating by 
hand, approximately a gallon of oil 
was used per day. Even then consid- 
erable trouble was experienced with 
hot bearings. The installation of 
bottle oilers and changing to an oil 
better adapted to such bearings re- 
sulted in a reduction in the bearing 
temperature and also reduced the 
quantity of oil used to about one pint 
in two weeks. One of the big ad- 
vantages of an oiler of this type is 
that the feed is in proportion to the 
speed and cannot be increased be- 
cause the operator thinks that the 
oil is feeding too slowly. 

The second class of bearings con- 
sidered consists of an oil reservoir 
around or under the bearings and 


some means whereby the oil is car- 


ried up to the bearing surface. Ball 
and roller bearings which are sur- 
rounded by oil or grease, are bear- 
ings of this type. The numerous 


Here a three-pulley conveyor idler 
equipped with Hyatt bearings is 
greased by the pressure system of 
lubrication. Flexible hose connects 
with the tubes, carrying the lubri- 
cant to the four bearings at the 
center of the stand. 
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types of bearings which use rings, 
chains, collars or wicks to carry the 
oil to the bearing surface are also 
included in this classification. Among 
the big advantages of these bearings 
is that they require only infrequent 
attention and filling, usually at less 
frequent periods than the types of 
bearings included in the first classi- 
fication. Among the disadvantages, 
however, are the inability to see that 
the oil-carrying device is in opera- 
tion and also that it is difficult to 
see just how much oil is in the res- 
ervoir with the resultant possibility 
of under-filling, or over-filling. Bear- 
ings of this type are, however, 
very widely used and operate satis- 
factorily with a reasonable amount 
of care and attention. 

Probably the larger proportion of 
lineshaft bearings come under this 
classification, including, of course, 
the ball and roller lineshaft hanger 
bearings. 

Bearings in which the lubrication 
is obtained by means of an oil bath 
or splash system also fall under this 
second classification. The tendency 
in gear lubrication seems to be 
towards using the bath or splash 
system for lubricating gears and 
worms, even though they may be 
traveling at a comparatively low 
rate of speed. This gives a positive 
application of the lubricant to the 
wearing surfaces and is considerable 
of a contrast to the older method of 
applying a thick lubricant to the sur- 
faces at irregular periods. On large 
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and high-speed gear trains, such as 
are used in steel mills and on tur- 
bine reduction gears of large size, 
the tendency is towards the use of 
a circulating system in addition to 
the bath. 

Silent chain drives are often 
lubricated by enclosing them in a 
case containing oil and having the 
chain dip into the oil at the lowest 
point. Where it is not feasible to 
use a case, chain drives are fre- 
quently lubricated by applying a 
heavy oil with a brush, to the back 
of the chain. 

The third kind of lubricating de- 
vice which was indicated, supplies 
the lubricant through a pressure 
feed device. One of the earliest 
types of pressure or positive-feed 


Safety and reduced maintenance 
are two of the important reasons 
for using force-feed lubrication on 
large machines like these. 


With force-feed lubrication the 
accident hazard and the possibility 
of human forgetfulness are largely 
eliminated. The punch press at the 
left is lubricated: by a Keystone 
semi-automatic safety system (Key- 
stone Lubricating Company, Phila- 
delphia, Pa.) of grease lubrication. 
The safety lubricator is shown at 
the right end of the machine. Pres- 
sure is applied to the grease in the 
lubricator by turning the hand- 
wheel. This forces grease through 
the system of pipes to the various 
bearings. The operation of this 
lubricator is explained further in 
connection with the oa of illus- 
trations on page 217. The 500-ton 
Ferracute press at the right is 
lubricated from the McCord force- 
feed mechanical lubricator, (Mc- 
Cord Radiator & Manufacturing 
Company, Detroit, Mich.) which is 
mounted on the wall back of the 
machine, as shown in the oval. The 
oil is distributed to the various 
bearings through a system of pipes. 
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lubricating systems which was de- 
veloped was what may be called the 
continuous system. This was origi- 
nally adopted for engine and pump 
lubrication and generally was con- 
nected into the equipment so that a 
definite amount of lubricant was 
applied with each stroke or cycle of 
movement of the mechanism. Some 
of this equipment has been applied 
to machinery. However, but few 
machines need new oil each stroke 
or revolution and so as the equip- 
ment was originally designed, it 
was not well adapted to machine 
lubrication. Modifications, however, 
are widely used. 

One of these types of devices 
which automatically feed oil to a 
number of bearings has been devel- 
oped by the Madison-Kipp Corpora- 
tion, Madison, Wis. This has been 
applied to machine tools and some 
special machinery. The lubricator 
consists of a pump which is operated 
by the machine through a worm 
gear. This lubricator may be regu- 
lated, it is stated by the manufac- 
turer, to feed from 1 drop to 15 
drops of oil per minute through any- 
where from 4 to 100 outlets, and 
operates only when the machine 
operates. The oil is distributed to 
the various bearings from a central 
lubricator through small pipes which 
lead into the intricate and practi- 
cally inaccessible (to a hand oiler) 
parts of the machine and thus 
assure continuous lubrication of the 
parts which would likely be neglected 
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if the lubrication was wholly depend- 
ent upon the operator or an oiler. 

Still another type of force-feed 
lubricator has been developed by the 
McCord Radiator and Manufactur- 
ing Co., Detroit, Mich. This also is 
a positive-feed device operated by 
the machine and the amount of oil 
delivered to each individual bearing 
or part may be adjusted, it is stated 
by the manufacturer. This adjust- 
ment takes care of the fact that some 
bearings require more oil than 
others. The oil is placed in a reser- 
voir with a gage glass which indi- 
cates the amount of oil remaining. 
Practically all the attention required 
is to refill the reservoir as occasion 
demands. In the McCord lubricator 
the oil is also forced to the various 
parts of the machine through tub- 
ing which may connect up with prac- 
tically any part of a complicated 
machine. 

A modification of a system of 
lubrication, which was originally 
designed for engines, pumps and 
other reciprocating machines, is 
also applied by Wm. W. Nugent & 
Company, Chicago, III., to other lines 
of heavy machinery. 

Still another type of positive- 
pressure lubricator is arranged to 
lubricate at the will of the operator. 
One device of this type which uses 
grease is manufactured by the Key- 
stone Lubricating Company, Phila- 
delphia, Pa. In the Keystone safety 


This is the mechanism which con- 
trols the Keystone safety grease 
lubricator. 


The illustration at the left shows 
the compression chamber and the 
handwheel for applying the pres- 
sure to the grease. The cross- 
section and exterior views of the 
pressure-reducing valve center 
illustration) indicate the method of 
regulating the amount of grease fed 
to the earings. This valve is 
placed directly at the bearing and 
the amount of feed controlled by 
turning the screw he needle 
valve A is used to check the amount 
of pressure applied at the bearing. 
The automatic spring cup at the 
right is filled from the safety lubri- 
cator (left). The springs then 
apply pressure to the line to force 
the grease to the various bearings 
This is 
equipment 
Company, 
industrial 


under continuous pressure. 
part of the Keystone 
(Keystone Lubricating 
Philadelphia, Pa.) for 


grease lubrication. 
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Types of grease and oil lubricators 
which provide contmuous feed. 


The Chicago compression grease 
cup at the left (Ohio Injector Co., 
Wadsworth, Ohio) provides an ad- 
justable spring compression on the 
33 in the cup. The amount of 
ow is regulated by 8 
screw in the outlet. The elly 
lubricator at the right (Kelly 
Lubricator Co., Syracuse, N. T.) 
ives a steady feed of oil to th 
earings through the capillary ac- 
tion of the balls in the oe One 
of these balls rests on the bearing 
and the other almost closes the stem 
leading to the oil cup. The rota- 
tion of the shaft rotates the ball 
which carries the oil down to the 
bearing. 


system of lubrication, grease is 
forced from a central grease station 
lubricator through pipes or tubes to 
the various bearings. This may be 
either intermittent or continuous ac- 
cording to the system used. With the 
intermittent system of lubrication the 
pressure is applied by the operator 
by screwing down the piston in the 
grease chamber or lubricator at in- 
tervals. This distributes the grease 
through the various tubes to the 
different bearings intermittently. 
A pressure reducing or regulating 
plug governs the quantity of lubri- 
cant applied to each bearing. This 
regulating plug may also be used to 
take care of the difference in dis- 
tance between the lubricator and the 
various outlets which would affect 
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the pressure on the grease at the 
different bearings. 

The Keystone system of lubrica- 
tion may be made continuous by the 
addition of an automatic spring cup, 
such as is shown in an accompanying 
illustration. This spring grease cup 
is filled by screwing down on the 
hand lubricator which forces out 
the diaphragm of the spring cup. 
The springs then apply the pressure 
to the piston which gives a con- 
tinuous pressure on the lubricating 
system and keeps the grease in the 
tubes under pressure. The grease is 
carried to the various bearings 
through light but strong tubing, or 
through a heavy grease-proof hose. 

Still another type of intermittent 
lubricating device is incorporated 
in the Bowen system, manufactured 
by the Bowen Products Corporation, 
Auburn, N. Y. In this the tubes run 
from a pressure pump to the various 
bearings in much the same way as 
in the other positive lubricating 
systems. Oil is delivered to the 
various bearings by pushing down 
either by hand or by foot on a lever 
which operates the plunger of a 
pump which applies the pressure that 
is necessary to force the oil to each 
bearing. The Bowen system was 
developed for automobiles but is also 
applied to machine tools, and various 
other types of machines. The 
amount of lubricant delivered at 
each stroke of the piston may be 
regulated so as to govern the flow 
to the various bearings. Oil feeds 
down to the pump from a gravity 
tank; a strainer in the tank removes 
any sediment or foreign matter in 
the oil which might clog up the oil 
pipes in the system. 

The big advantage of all of these 
positive-pressure methods of lubri- 
cation is that oil or grease is 
delivered to all bearings at the same 
time and so none are neglected or 
overlooked. In addition, in many 
types of machines it is unsafe for 
an operator or oiler to attempt to 
lubricate certain parts while the 
machine is in operation. This is 
particularly true of presses and 
other machines with large gears 
where a slip may cause a serious 
accident. Such bearings or oiling 
places are frequently neglected be- 
cause of the danger involved when 
hand oiling is relied upon. With a 
positive oiling system such places 
receive their proper amount of lubri- 
cant. Some of the accompanying 
illustrations show various machines 
equipped with different types of 
positive oiling systems. It is com- 
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paratively easy for an operating man 
to visualize the difficulty incidental 
to the hand lubrication of some of 
the oil holes on these machines. 

Comparatively recently as an out- 
growth of the lubrication of auto- 
mobiles the grease gun method of 
lubrication has been applied to in- 
dustrial work. This equipment con- 
sists of a portable gun which applies 
the grease, or in some cases oil, 
under pressure, through a fitting in 
the oil hole of the bearing. As the 
lubricant is forced in under high 
pressure, it tends to work the old 
lubricant out to the side and carry 
with it foreign material or metallic 
particles which may be in the bear- 
ing. The fitting is kept closed by 
a ball on a spring in the opening. 
Fittings may be placed on the top, 
side or bottom of a bearing as may 
be most convenient for the oiler. 

Two types of grease guns are 
manufactured by the Bassick Manu- 
facturing Company, Chicago, III. 
One of these is known as the Alemite 
system and the other as the Zerk- 
Alemite system. The Alemite gun 
or compressor consists essentially 
of a cylinder, a piston which is 
screwed down to apply the pressure 
to the grease and a flexible or stiff 
tube or hose which is connected onto 
the nipple at the bearing. 

Recently, however, the Zerk gun 
or compressor has been modified 
for industrial purposes and a special 
portable filling unit is used in con- 
nection with it, as shown in accom- 
panying illustrations. The com- 
pressor consists of a cylinder to 
contain the grease, a pistol grip or 
handle connected to the main plunger 
and a nozzle with a small plunger 
to apply the high pressure to the 
grease. In operation, this gun is 
merely placed against the nipple on 
the bearing and the operator pushes 
down on the pistol-grip handle which 
acts through the plunger to force a 
definite quantity of grease into the 
bearing. 

A special, portable filling unit is 
used in connection with the Zerk 
compressor for industrial work. 
This filling unit weighs 34 Ib. when 
filled with 20 lb. of grease and can 
thus be carried around from de- 
partment to department by the oiler. 


This motor-driven, duplex pump is 
used in a circulating lubrication 
system. 

pump is 
Wm. W. Nugent & Company, Chi- 
cago, III., and is used to force the 
oil through the bearings of the 
machine and also through the oil 
filter. Filtering and cooling are im- 
portant features of any circulating 
oiling system. 


manufactured by 
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One revolution of the crank on the 
filler loads a compressor through the 
butt of the pistol grip as shown on 
page 215. In this way, the oiler 
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Method of lubricating a ball- bear- 
ing loose pulley and a cham drive 
mounting. 

The loose pulley at the left is fitted 


with SKF ball bearings. The pro- 
vision for grease lubrication is indi- 
cated. The illustration at the right 
shows the mounting of the bearings 
for a chain drive connection to a 
textile mill. The chain drive is con- 
nected on the overhung sprocket at 
the left and the shaft extension at 
the right carries the pulley. These 
two sets of SKF ball bearings are 
spread apart and the chamber for 
grease lubrication is placed in be- 
tween. Care must be exercised in 
the lubrication of ball or roller 
bearings to see that the grease or 
oil chamber is not filled too full of 
lubricant. 


always has plenty of grease with 
him and can fill the compressor, even 
in a dusty location, without expos- 
ing the grease to dust or other gritty 
substances that may be in the air. 

Where the Zerk-Alemite gun is 
used for filling cavity bearings, such 
as ball and roller bearings, or other 
grease reservoirs, where the lubri- 
cant is not necessarily applied under 
pressure but the gun is simply used 
as a filler, the special, high-pressure 
nozzle is removed and a straight tip 
placed on the gun. This is especially 
advantageous on ball and roller bear- 
ings where grease is not applied to 
the bearing under pressure. Fur- 
thermore, if the ball or roller bear- 
ing is completely filled, the bearing 
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is likely to heat due to the churning 
of the lubricant. For this reagon, it 
is usually unwise to fill a ball or 
roller bearing more than about one- 
third to one-half full of lubricant. 
With this low-pressure attachment, 
the gun is used merely as a filler 
and does not create pressure in the 
bearing. 

Another type of high-pressure lu- 
bricator, known as the Dot lubri- 
cator, which is manufactured by the 
Carr Fastener Company, Cambridge, 
Mass., is used with either oil or 
grease. Pressure is applied by a 
turn of the handle, which also locks 
the tip of the gun on the special 
fitting at the bearing. The gun can 
be released from the fitting by turn- 
ing it to the left. 

A portable pressure gun, manu- 
factured by the Adams Grease Gun 
Corporation, New York City, applies 
high-pressure grease lubrication 
through the operation of a lever 
handle. Special fittings are pro- 
vided whereby the Adams gun may 
be used on the bearing fittings of the 
other standard systems of portable, 
high-pressure lubrication. 

Any of these portable, pressure 
gun systems of lubrication may be 
applied to practically any type of 
machine or other bearing merely by 
putting a special fitting into the oil 
hole. In this way, any old machine 
or lineshaft can be quickly changed 
over to a more modern type of 
lubrication. 

Still another type of pressure 
lubrication is obtained through the 
so-called circulating systems. In 
these, the oil is forced through the 
bearings under pressure, cooled, 
usually filtered or purified, and re- 
circulated. Such systems are fre- 


quently used around large gears, 

such as in steel mills, on the helical 

or herringbone reduction gears on 
(Please turn to page 228) 
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and small, battery-propelled, industrial locomotives, 
with graphs and diagrams that will aid in selecting 
the type best suited to the operating conditions 


By R. B. HUNTER 


Development Engineer, The Cutler-Ham- 
mer Mfg. Co., Milwaukee, Wis. 


ITH the increased use of 
W battery-propelled industrial 
trucks, the question of the 
proper types of controllers to be em- 
ployed with them becomes of im- 
portance, and an outline of the 
principles involved in their selection 
and operation may be of interest. 
Problems arising in the use of 
control equipment for battery opera- 
tion are somewhat different from 
the problems encountered with the 
control for motors in ordinary power 
service. These differences arise 
from three causes: (1) The vehicle 
motor is usually designed for rela- 
tively low voltage, because of the 
high cost per volt of the storage 
battery. (2) The size and cost of 
the battery limits the energy avail- 
able without recharging, and for 
this reason it is necessary to con- 
serve the energy of the battery to 
the highest possible degree. (3) The 
service is extremely severe; vehicle 
controllers are subjected to more 


abuse than controllers in almost any 
other class of service. 

For these reasons, vehicle con- 
trollers must be ruggedly construct- 
ed and usually are of relatively large 
size. The electrical parts must be 
made unusually heavy to reduce the 
voltage drop and the power loss, and 
the mechanical parts must be suf- 
ficiently strong to withstand the 
severe service. The controller must 
also provide special features that 
tend to reduce energy losses. The 
expense of these features is war- 
ranted by the battery limitations 
just noted, whereas this expense 


Figs. 1, 2 and 3—The controller is : 
the brains of the electric indus- 
trial truck. 


Interlocking the controller with the 
brake is a necessity on an industrial 
truck. This prevents Harag power 
on the motor while braking and 
also prevents starting of the truck 
unless the operator is in position 
to pilot it. Fig. 1 (at left) shows a 
Tier-Lift truck manufactured by the 
Lakewood sid, Nag Co., which is 

a utler-Hammer 
shows the con- 


cent elevating platform truck while 

ig. 3 shows the drum controller 
used on an Elwell-Parker type EL 
Hi-Lo Tructor. 
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would not be justified in a controller 
for a motor deriving its energy from 
a power plant of conventional type. 

Energy losses in the electrical sys- 
tem of a battery-propelled vehicle 
are of two classes: (1) “Running 
losses,” which comprise those losses 
that are due to the resistance of the 
motor, the leads, the controller con- 
tacts, the internal resistance of the 
battery and other parts of the elec- 
trical circuit. (2) “Accelerating 
losses,” under which is classed the 
energy loss in the resistor which is 
introduced into the circuit to reduce 
starting torque to a desirable value. 

The running losses can be reduced 
only by liberal design of the parts; 
that is, the wiring must be heavy 
and a motor having a high efficiency 
should be used. Running losses in 
the controller can be reduced by 
minimizing the number of contacts 
through which the current must flow 
when the controller is in the high- 
speed position. A reduction of the 
number of contacts in the accelerat- 
ing positions of the controller, while 
desirable to reduce maintenance, 
does not conserve battery energy, 
for the contact losses are negligible 
compared to the losses in the acceler- 
ating resistor. By “contacts” is 
meant not only the contact fingers 
and segments which make the neces- 
sary connections, but also contacts 
between wires, busbars, terminal 
lugs, and the like. All these parts 
must be of ample size and should be 
designed so that the contact surfaces 
can be set up tightly. 

Since in all systems of vehicle con- 
trol a resistor is introduced into the 
circuit during the accelerating 
period, it follows that the efficiency 
of the system is lower during ac- 
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celeration than during running. 
Many methods have been devised to 
improve the efficiency and reduce the 
acceleration losses by reducing the 
ohmic value of the resistor. All of 
these high-efficiency schemes make 
use of series-parallel control during 
the acceleration period; that is, cer- 
tain parts of the circuit are con- 
nected first in series and then in 
parallel or vice versa. The parts of 
the circuit which may thus be com- 
mutated are: (1) the motor field 
sections, (2) the battery; (3) the 
motors themselves in cases where 
there are two motors; or (4) some 
combination of the above. For ex- 
ample, the series field winding of 
the motor may be split into two sec- 
tions, these sections being connected 
in series during acceleration and in 
parallel during running. This gives 
greatly increased torque per ampere 
during the accelération period. 
One of the problems inherent to 
all of these series-parallel systems is 
the transfer of the parts of the cir- 
cuit from the series relation to the 
parallel relation or vice versa, with 
the minimum of controller complica- 
tion, at the same time securing de- 
sirable operating characteristics. 
There are three possible methods 
of effecting this transition. These 
are: (1) the open-circuit method; 
(2) the short-circuit method; and 
(3) the bridging method. The char- 
acteristics of these transition 
methods as applied to various ele- 
ments of the circuit will be outlined. 
A common method of securing im- 
proved accelerating efficiency is to 
divide the series field of the motor 
into two sections, connecting these 
sections in series to accelerate the 
vehicle, and then reconnecting them 
in parallel to propel the vehicle at 
full speed. This method is used on 
practically all industrial trucks and 
tractors. The graph shown at 
A in Fig. 4 gives the character- 
istics of a typical industrial truck 
motor; it will be noted that for a 
given current drawn from the bat- 
tery, the torque with fields-series is 
considerably higher than the torque 
with fields-parallel. A high value of 
pound-feet per ampere is desirable 
during acceleration and the con- 
troller is, therefore, arranged to 
connect the field sections in series 
on the first two or three points. On 
the other hand, the efficiency of the 
motor is better and the speed higher 
with the fields connected in parallel 
and the controller provides this con- 
nection on the final point. 
The transition from fields-series 


. 
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Fig. 4—Operating characteristics 
of Industrial truck motors. 


Diagram 4 shows the torque, speed. 
and efficiency curves for a truck 
motor when operating with its fields 
connected in series and also when 

fields are connected in parallel. 
Note the increased torque obtained 
with the fields in series, and the 
increased speed obtained with the 
fields connected in parallel. Dia- 
gram B gives the speed-torque char- 
acteristics with flelds-series and 
resistance, flelds-series without re- 
sistance, and flelds- parallel without 
resistance. 


to fields-parallel is effected either by 
the short-circuit method or by the 
bridging method. A controller em- 
bodying short-circuit transition is 
shown in diagram I of Fig. 5. Dia- 
grams II, III, IV and J of Fig. 5 
show schematically the action that 
takes place when this controller is 
moved from the fields-series to the 
fields-parallel position. A controller 
providing bridging transition be- 
tween fields-series and fields-parallel 
is shown in diagram VI of Fig. 5 
and the steps of the transition are 
shown in the schematic diagrams 
VII, VIII, IX and X of Fig. 5. 

An examination of the schematic 
diagrams will show the essential dif- 
ference between the bridging method 
of transition and the short-circuit 
method of transition. Diagrams II, 
III, IV and V are arranged in the 
sequence gone through when acceler- 
ating the motor. The motor with its 
fields connected in series is first con- 
nected across the battery with re- 
sistance in series with the armature. 
The second notch of the controller 
cuts out the series resistance, as is 
shown in diagram II. Further move- 
ment of the controller disconnects 
and shorts out one of the series 
fields, as shown in III. In diagram 
IV the short is removed from the 
series field that was disconnected 
from the armature circuit and in V 
the two series fields are paralleled. 

The bridging method of transition 
is quite similar, except that the 
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series field that is disconnected from 
the armature circuit is never open- 
circuited, but always has a bridging 
resistor shorted across it, as shown 
in diagrams VIII, IX and X. 
When decelerating or shutting off 
the motor, the difference between the 
two methods of transition is quite 
marked. Diagrams X and IX show 
the first step in transition by the 
bridging method as the controller is 
moved from the fields-parallel posi- 
tion to the fields-series position. It 
will be noted that field S1-S2 is dis- 
connected at one end but is shunted 
by the bridging resistor, which pro- 
vides a discharge path for the mag- 
netic energy which was stored in 
this field. Referring now to dia- 
grams V and VI of Fig. 5, it will be 
noted that field section S1-S2 is simi- 
larly disconnected at one end; but 
since there is no bridging resistor 
to serve as a discharge path for the 


stored energy, this energy will be. 


dissipated by an arc drawn from the 
controller finger which disconnects 
point S2 from point S12 as the con- 
troller is moved from the fields- 
parallel to the flelds-series position. 

This means that when the short- 
circuit method of transition is used, 
there will be more burning of con- 
troller fingers and contacts than 
with the bridging transition. It will 
be noted that when bridging transi- 
tion is used, the bridging resistor is 
in parallel with both field sections 
when the controller is in the fields- 
parallel position. As shown in dia- 
gram VI, this resistor serves also as 
a starting resistor to reduce the 
torque when the controller is thrown 
to the first position. In practice, this 
resistor is made of so high a value 
that when the controller is in the 
fields-parallel position, the current 
which flows in the resistor is neg- 
ligible as regards drain on the bat- 
tery, and has practically no effect on 
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the speed of the driving motor. 

Diagram B of Fig. 4 shows the 
speeds that can be expected with 
various loads when a controller con- 
nected as shown in either diagrams 
I or VI of Fig. 5 is used. The series 
resistor is so proportioned that when 
the controller is thrown to the first 
notch the motor will exert a torque 
equal to approximately eight times 
the full-load torque of the motor. 
This is comparable to the low gear 
of an automobile where the normal 
engine torque is greatly increased by 
the use of a gear reduction. The 
torque on the first controller point is 
sufficient to start a very heavy load, 
and at the same time the speed ob- 
tained on this point when the vehicle 
is fully loaded is only about half of 
the normal speed of the vehicle. 
When the controller is thrown to the 
second notch a still higher torque 
will be exerted if required, and the 
speed with full load on the vehicle 
will be about 75 per cent of normal 
speed. When the controller is thrown 
to the third point the maximum 
speed is obtained. 

Probably the oldest method of im- 
proving the accelerating efficiency of 
a battery-propelled vehicle is to 
divide the battery into two or more 
parts, connecting these battery sec- 
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tions in parallel to afford low voltage 
when starting from rest, and then 
reconnecting them in series as the 
motor gains speed. This method is 
used only on battery-propelled ve- 
hicles using a battery potential of 
80 volts or higher and consequently 
is practically never used on the usual 
size of industrial truck or tractor. 
It is, however, used on some types of 
industrial locomotives and on com- 
mercial trucks. While the battery 
has sometimes been divided into 
three or more sections, it is the more 
usual practice to divide it into 
halves, thus affording two accelerat- 
ing voltages. The transition from 
battery-sections parallel to battery- 
sections series can be effected either 
by the open-circuit method or by the 
bridging method. A controller pro- 
viding open-circuit transition is 
shown in diagram I of Fig. 9 and a 
controller providing bridging transi- 
tion is shown in diagram II of Fig. 
9. As indicated by the term, when 
open-circuit transition is used, the 
circuit is completely opened in 
passing from batteries-parallel to 


Fig. 5—These diagrams show the 
difference between the short-circuit 
method and the bridging method 
of transition from fields-series to 
fields-parallel. 
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batteries-series. When bridging 
transition is used the battery is cone 
nected first in parallel and is finally 
connected in series, with three inter- 
mediate points between the parallel 
connection and the series connection. 

When open-circuit transition is 
used the torque is momentarily 
interrupted in passing from bat- 
teries-parallel to batteries-series, 
whereas when the bridging method 
is used the torque is continuous 
throughout the entire movement of 
the controller handle. This main- 
tenance of torque is, however, se- 
cured at the expense of controller 
complications and additional resis- 
tors in which there is necessarily 
some energy loss. The interruption 
of torque during the open-circuit 
transition is of very short duration 
and this method of control is usually 
preferred to bridging transition for 
shifting from batteries-parallel to 
batteries-series or vice versa. 

When the vehicle is driven by two 
motors, such as is often the case in 
industrial locomotives, the motors 
are connected in series during the 
acceleration period and in parallel 
during the starting period. When 
the motors are connected in series 
the voltage across each motor is only 
one-half of the battery voltage, and 
the resistor required to reduce the 
starting torque to a desirable value 
is considerably less than would be 
required if the motors were con- 
nected in parallel during the accel- 
eration period; in fact, the resistor 
losses are reduced by one-half by 
using the series-parallel scheme. 

The transition between motors- 
series and motors-parallel can be 
effected by any one of the transition 
schemes above enumerated. In prac- 
tice, however, open-circuit transition 
is rarely used. 

Diagrams showing typical con- 
trollers embodying the short-circuit 
method of transition and the bridg- 
ing method of transition are shown 
respectively in diagrams 7 and VII 
of Fig. 10. Diagrams II, III, IV and 
V show schematically the steps in 
transition between motors-series and 
motors-parallel when the short-cir- 
cuit method of transition is used. 
Diagram II shows the motors con- 
nected in series. It will be noted 
that there are several steps of re- 
sistance, these steps being succes- 
sively short-circuited so that on the 
third or fourth controller point the 
motors connected in series have full 
line voltage impressed upon them. 
In diagram III, which is the first 
step of transition to motors-parallel. 
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it will be noted that motor No. 2 is 
-short-circuited and that full line 
voltage is impressed on motor No. 1 
in series with its resistor. The next 
step is to disconnect motor No. 2 
from the line as shown at B, in IV. 
The final step of the transition to 
motors-parallel, as shown in V, is to 
connect motor No. 2 to the line, thus 
putting each motor across full volt- 
age in series with its separate re- 
sistor. (Sometimes the connections 
are such that when the motors are in 
parallel a common resistor is used 
for the two motors.) 

By comparing diagrams, II, III, 
IV and V of Fig. 10 with the corre- 
sponding diagrams in Fig. 5, it will 
be noted that short-circuited transi- 
tion for two-motor control is 
analogous to the short-circuit 
method of transition between fields- 
series and fields-parallel. That is, 
the steps in the transition are iden- 
tical, substituting motors for field 
sections. 

However, injurious arcing is not 
experienced in passing from the con- 
nections shown in V to JV of Fig. 10, 
whereas, as noted before, in connec- 
tion with series-parallel transition 
of field circuits, arcing is encoun- 
tered under this condition. The 
reason for the reduction in the arc- 
ing when commutating motors as 
against commutating fields in this 
manner, is that the motor counter- 
voltage tends to reduce the arcing, 
whereas when the fields are commu- 
tated there is no such counter-volt- 
age, and the heavy inductance of the 
field tends to prolong the are and 
thus burn the controller contacts. 

Diagrams VIII, IX, X and XI of 
Fig. 10 show the steps of transition 
between motors-series and motors- 
parallel when the bridging method 
of transition is used. As shown in 
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diagram VIII, the motors are first 
connected in series with resistance 
in the circuit, which resistor is 
short-circuited in three or four steps 
as shown by the dotted lines. The 
connections shown in diagram IX 
are next established. It will be 
noted that jumper A is introduced to 
connect the motors in series, and 
that the resistor circuit is opened at 
B. Connection is then made between 
each side of the line and each re- 
sistor, as C in diagram X. If the 
resistors are of proper value and the 
motors are equally loaded (as is 
usually the case), no current will 
now flow in jumper A. Diagram XI 
shows the motors connected in 
parallel, with jumper A opened. 

It will be noted that in this 
method of transition, torque is main- 
tained on both motors throughout 
the transition period. The curves in 
VI of Fig. 10 show the relation be- 
tween speed and torque when the 
connection schemes shown in Z or 
VII of Fig. 10 are used. 

Controllers for industrial trucks 


Figs. 6, 7 and 8—Here are the 
working mechanisms of three con- 
trollers for battery-propelled ve- 
hicles. 

Fig 6 (left) shows a Cutler-Ham- 
mer drum controller for industrial 
truck service. Fig. 7 (center) shows 
controller used on the Mercury 
tractor. The five fingers on the right 
are the reversing fingers and the 
segments are moved longitudinally 
along the shaft to engage the four 
right-hand fingers for one direction 
and the 2nd, 3rd, 4th and 5th fingers 
from the right for the other direc- 
tion. The rod at the extreme right 
engages with the seat on the tractor. 
When the operator sits on the seat, 
the controller is held in the aos 
position as long as the handle is hel 
in a speed position. When the oper- 
ator gets off the seat, a pawl is dis- 
engaged freeing the drum from the 
handle, whereupon a spring pulls 
the main drum to the off position. 
Fig. 8 (right) is a two-cylinder con- 
troller such as used on industrial 
locomotives. The right-hand drum 
controls the direction of travel, 
while the left-hand drum controls 
the acceleration and speed. 
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are practically always of the drum 
type. A typical controller is shown 
in Fig. 6. This type of controller 
consists of a metal spider upon 
which are mounted copper segments 
of the proper length and spacing to 
make contact in proper sequence 
with fingers to which the external 
connections to the motors, battery 
and resistor are made. The drum 
type of controller is used because it 
is rugged and durable, is easily oper- 
ated and lends itself readily to the 
commutation of the circuits as de- 
scribed above. Although the currents 
which must be handled by these con- 
trollers are large, due to the low 
voltage of the battery, the horse- 
power rating is low, not being 
greater than 10 hp. as a maximum. 
For this reason a manually-operated, 
drum-type controller is entirely 
satisfactory and magnetically-oper- 
ated controllers are rarely, if ever, 
used. Magnetically-operated vehicle 
controllers are somewhat unsatis- 
factory because of the rough roads 
which are sometimes encountered 
and because of the wide variations 
in battery voltage which make it 
difficult to secure satisfactory opera- 
tion of the contactor coil. 

The drum-type controllers used 
on vehicles may be divided into two 
general types, namely: (1) The 
single-cylinder type, as used on in- 
dustrial trucks; (2) the two-cylinder 
type, as used on industrial locomo- 
tives. In the single-cylinder type, 
all of the copper segments are 
mounted on one cylinder, and all of 
the operations of the vehicle are 
under the control of one handle. 
Single-cylinder drum controllers for 
an industrial truck for indoor fac- 
tory service are shown in Figs. 6 
and 7. These controllers are shown 
in Figs. 1, 2 and 3, mounted on 
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I- Bridging Method ef Transition from 
Batteries-Parallel to Batteries-Series | 


trucks as they are generally used. 

It will be noted that in Fig. 1, 
a rod connects the foot pedal of 
the truck with the controller. The 
operator rides on the platform of 
the truck, holding the foot pedal de- 
pressed to release the brake. The 
rod between the foot pedal and the 
controller operates a safety switch 
which is so arranged that as the 
pedal is released to apply the brake, 
the safety switch is opened. This 
safety switch is the arm connecting 
the bottom contacts on each side of 
the controller shown in Fig. 6. It 
serves two purposes: (1) It in- 
sures that power is not applied to 
the truck motor when the brake is 
applied. (2) By means of an inter- 
lock between the main cylinder and 
the safety switch, it insures that the 
controller must be in the “off” posi- 
tion before the safety switch can be 
closed, so that in case the operator 
leaves the truck with the controller 
set in a running position, it will not 
start if he carelessly steps on the 
brake pedal without first returning 
the controller to the neutral position. 

The safety switch is purposely so 
made that it is closed when the con- 
troller is returned to the neutral po- 
sition, and is then held closed by a 
latch operated by the brake pedal. 
When the brake pedal is released 
with the controller in a running po- 
sition, a spring snaps the safety 
switch to the open position. This 
quick-break feature reduces the 
burning on the safety switch con- 
tacts, which otherwise would deteri- 
orate rapidly because in normal oper- 
ation the truck is usually stopped by 
releasing the safety switch and ap- 
plying the brake, rather than by 
moving the controller to the “off” 
position. 

The fingers shows in Fig. 6 have 
proven very satisfactory in control- 
lers for battery-propelled vehicles. 


Fig. 9—Connection diagrams for 
open-circuit and bridging methods 
of transition from batteries. series 
to batteries- parallel. 


The proportions of this design are 
such that heavy contact pressure is 
secured and at the same time the 
finger does not stub on the end of 
the segment but rides up on it, with- 
out undue pressure on the operating 
handle. The finger is adjustable for 
wear by means of a micrometer 
screw and a heavy copper pigtail re- 
duces the loss between connection 
and finger tips. 

In the two-cylinder type, the ac- 
celeration of the motor is usually 
under the control of a large cylinder 
known as the main cylinder, and re- 
versal is effected by a cylinder of 
smaller capacity operated by a sepa- 
rate handle. The reverse cylinder 
is interlocked with the main cylinder 
so that the reverse cylinder can be 
operated only when the main cylin- 
der is in the open circuit position. 
All of the arcing is thus confined to 
the main cylinder, whose contacts 
are made relatively heavy and are 


sometimes provided with blowouts to 


reduce the flashing. A controller of 
two-cylinder type is shown in Fig. 8. 

This type of controller is largely 
used on mine and industrial locomo- 
tives. Two-cylinder controllers are 
also used on road trucks, the reverse 
cylinder being operated by a foot 
pedal. In this case the reverse cylin- 
der is held normally in the forward 
position by a spring, and is depressed 
by the operator’s foot only when he 
wants to go backwards. 

There are three factors to consider 
in choosing a resistor for a battery- 
propelled vehicle: namely, (1) the 
mechanical structure; (2) the ohmic 
value; and (3) the current-time ca- 
pacity. 

The mechanical structure gener- 
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ally used is the cast-iron grid mount- 
ed on rods and supported on 
pressed-steel end plates. <A special 
grid of short rib length and small 
cross-section is sometimes used for 
industrial trucks. The low voltage 
and relatively low motor rating used 
on these trucks require a grid of 
comparatively low resistance and 
small capacity, whereas the design 


must be such as to offer resistance 


to vibration and shock. For large 
trucks and industrial and mine loco- 
motives the standard grid used for 
general controller work is entirely 
satisfactory. Punched steel and al- 
loy grids of greater strength than 
cast iron are sometimes used, but 
when mounted with reasonable care 
the cast-iron grid gives no trouble. 
Resistors made from alloy wire are 
also used, as is shown in Fig. 7. 

The ohmic value of the resistor 
will vary with the type of vehicle 
and the service to be encountered. 
The results to be obtained are: (1) 
Sufficient torque must be provided to 
start the load on the first controller 
point. (2) The truck must start 
smoothly. (3) The driving wheels 
of the truck must not slip with the 
controller on the first point. When 
tired wheels are used, as on indus- 
trial locomotives, some difficulty may 
be experienced in meeting conditions 
(1) and (3), especially since the 
trailing load on the locomotive may 
vary from nothing to a considerable 
overload. If, with the controller on 
the first point, the torque is enough 
to start a heavy load, the wheels will 
be likely to slip if the locomotive is 
pulling a small load. -For this rea- 
son, an extra number of points is 
provided on mine locomotive control- 
lers, the torque on the first point 
being sufficient to start only a light 
load. If the load is heavy, the con- 
trol handle must be moved to the 
second or third point to start. 

Industrial trucks and road vehicles 
do not present this problem for the 
following reasons: (1) Because the 
variation in load between loaded and 
empty vehicle is not so great. (2) 
Because with rubber tires there is 
little tendency to slip the wheels. 
While practice varies considerably, 
the conservative value of current to 
be allowed on the first controller 
point for an industrial locomotive is 
100 per cent of the I-hr. current rat- 
ing of the motor (or of both motors, 
if two motors are used) and for an 
industrial truck it is 150 per cent of 
the 1-hr., current rating. | 

The current-time capacity of the 
resistor likewise depends on the 
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service required of the vehicle. For 
example, a switching locomotive will 
require greater resistor capacity 
than is required on a locomotive used 
on long hauls. For general service, 
however, resistors that meet the re- 
quirements of Electric Power Club 
classification No. 54 will be found 
satisfactory, based on the 1-hr. rat- 
ing of the vehicle motor, if series 
acceleration is used. If series-par- 
allel battery or motor acceleration is 
used, the total amount of resistor 
material will be only one-half of 
that required for series acceleration. 

The remaining control accessories 
are the charging plug and receptacle, 
the ampere-hour meter, and the 


Battery- 


Terminal and lughe 7444, 
female part an battery 


Anderson charging 
receviacle 
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fuses or circuit breakera Typical 
charging plugs and receptacles are 
shown in Figs. 1,2 and 3. Removing 
the plug from the receptacle com- 
pletely disconnects the battery from 
the motor and control circuit. An- 
other plug from the charging appa- 


Fig. 10—Control schemes for two- 
motor drive on mdustrial locomo- 
tives. 
Diagram I shows a controller using 
the open-circuit method of transi- 
tion and diagrams II. III, IV, and V 
ive the steps in the transition. 
iagram VII gives the scheme for a 
controller using the bridging 
method of transition, while dia- 
grams VIII to XI inclusive give the 
steps in the transition. iagram 


VI gives the speed-torque character- 
81 when using either method of 
control. 


Lines 


II- Control 


l- Control For Two Motors Using Short-Circuit 


Method of Transition 


Resistor short-circuited 
in 3 or 4 steps 


Sı 7 ted 
Mofor u 
I- Motor in Series 


V- Motors in Parallel 
Elementary Diagrams Showing Steps in Transition 
Between Series Connection and Parallel Connection 
for a Two-Motor Vehicle Using Short-Circuit Transition 


R F 
N- Motor No. 2 Open · Circuited 
.: us sor short-circuited in / or 2 steps 


T= Hofers 
5, 6 — Motors 
in circuit 


Per Cent Full Load Speed 


es; no resistor 
ral lol: resistor 


7 — Motors parallel; no resistor 


-400 800 5200 1600 
Per Cent Full Load Toraue of ONE Motor 


YI - Speed-Torque Curves of Vehicle 
with Control as Shown in W 
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ratus is inserted in the receptacle 
during charging. It is becoming 
more and more the practice to equip 
all battery-propelled vehicles, and 
particularly industrial trucks and 
tractors, with ampere-hour meters. 
These indicate to the truck operator 
not only the amount of charge re- 
maining in the battery but also tell 
when the battery is completely 
charged and will automatically dis- 
connect the battery from the charg- 
ing circuit. Circuit breakers are 
not usually used on industrial trucks, 
although they are in some cases used 
on industrial locomotives. The more 
common practice is to use fuses for 
protection to the motor and wiring. 


g Shaft end 


For Two Motors Using Bridging 


Method of Transition 


Fav. 


Motor Nel and 
reverse switch 


f fessstor short. 
Ny circuited in3 
Sr 4 steps 


Se fiela 
VII- Motors in Series 


Motor Nal È 
4 2 
Mofor No.2 
H- Motors in Series Without 
Resistor 


X- Motors in Series Bridged 
by Resistor 


XI- Motors in Parallel 
Elementary Diagrams Showing Steps. 


in Transition Be n Series Con- 
nection and Parallel Connection for 
a Two-Motor Vehicle Using Bridging 
Transition 
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Changes in Windings of 
Single-Phase Motors 


together with details of methods used in laying out 
starting and running windings when the .original 
winding data are not available 


By A. C. ROE 


Renewal Parts Engineering Dept. Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 
D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


IN CE the appearance of our 

book, “Rewinding Small Mo- 

tors, published by the Me- 
Graw-Hill Book Company, letters 
have been received from several 
readers asking for information that 
borders on the design of small 
single-phase motors, rather than on 
the rewinding of standard designs. 
While it is not always advisable to 
change the design of small motors 
without first securing full data on 
the original winding from the motor 
manufacturer, there are certain 
fundamentals of design that can be 
effectively employed to determine the 
limitations of possible changes. An 
understanding of these fundamentals 
will help to prevent mistakes and 
aid in laying out a new winding 
when cores have been stripped be- 
fore being received, or in correcting 
the mistakes of others who have 
changed the original winding so that 
satisfactory operation has not been 
secured, calling for other changes or 
a complete new rewinding job. The 
following information will be of in- 
terest in such cases. 

The conditions that will be dis- 
cussed are as follows: (1) Method 
of laying out new running and start- 
ing windings for a small single- 
phase motor when it is desired to 
rewind an old core and the original 
winding data are not known. (2) 
Method of laying out a new starting 
winding for a small motor in which 
the main or running winding is in- 
tact, but the starting winding data 
have been lost or a mistake was 
made in a previous rewinding job, 
resulting in such unsatisfactory 
operation that rewinding is made 
necessary. 


The first point to consider in any 
case when a single-phase winding is 
changed is the horsepower the motor 
frame is good for, which assumes 
that this information is not avail- 
able from the nameplate or that the 
nameplate has been removed. To 
assist in determining the rating of 
the frame and securing the other 
data, Table I has been worked up for 
ready reference. 

In Table II data are given for 14 


typical single-phase motor windings. 


From this information the turns per 
slot and per pole and the size of wire 
for ratings from 1/30 hp. up to 1 hp. 
can be secured, together with much 
other data that will be found help- 
ful in many instances. 

When using this tabulated infor- 
mation, the first thing to do is to 
find the rating possible for the core 
under consideration. To do this, 
measure the bore and length of the 
core and then refer to the data for 
the typical windings given and 
match up your data with those given 
in one of the examples, so as to in- 
sure a conservative rating for the 
core that must be rewound. 

The next step is to find the total 
number of turns per pole. Here 
again the tabulated information for 
the 14 typical motor windings will 
help to simplify calculations and 
save considerable time, as well as 
avoid possible mistakes in long cal- 
culations. The examples provided 
give good standard methods for dis- 
tributing the turns over the pole 
face area, that have been found to 
be good practice and result in good 
motor operation. Therefore, instead 
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IT IS USUALLY easy enough 
to rewind a single-phase mo- 
tor exactly as it was wound 
at the factory, when all the 
data on the original winding 
are available. It is not so | 
easy, however, to make 
changes in the distribution 
of the running and starting 
windings of a single-phase 
motor and be sure of the re- 
sults, without considerable 
experience in this work or a 
full understanding of the 
design principles involved. In 
this article practical details 
are given on the changes that 

it is possible to make in such 
windings. In addition, com- 
plete data are shown for the 
windings used on a number 
of single-phase motors, which 
will be found useful when 
laying out a new winding or 
changing an old one. 


— — 


of tabulating the flux per tooth in 
relation to a sin curve and the 
ampere turns and factor for de- 
termining the conductors per slot, 
we can find the total flux per pole 
(phase) and then the turns per pole 
from the tabulated information pre- 
sented. 

To determine the total flux per 
pole, it will be necessary to assume 
values for the air gap density in 
lines of force per square inch. The 
following values will be found satis- 
factory: 
Up to p. 20, i in. 
For 14 „ e n 
For % hp. 30,000 lines per sq. in. 
For 1 hp. 35,000 lines per sq. in. 

Then find the area of each pole in 


Square inches and multiply this by 
one of the above values of lines per 
square inch for the required horse- 
power of the frame. The area of the 
pole in square inches equals (the 
stator bore in inches times 3.1416 
times the length of the core in 
inches) divided by the number of 
poles. This may be expressed in the 
shape of a formula as follows: 
A=(BXNX<L)-~P, 

where A is the area in square inches, 
B the bore of the stator, N a factor, 


— 


Table I—Minimum Cylindrical Inches for Maximum Single- 
Phase Rating of Four-Pole, 1, 800-R. p. m., 60-Cycle Motors 


SINGLE- PHASE 
Hp. 


REMARKS 


B equals bore of stator, and L equals length 
of core in inches. 

BXBXL required for six-pole motors equals 
1.5 times (BXBXL 


for four poles). 


BXBXL required for eight-pole motors equals 


1.85 times (BXBXL for four poles). 
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3.1416, L the length of the core and 
P the number of poles. 

The total number of lines of force 
(flux) per pole phase equals the lines 
per square inch times the total 
square inches per pole. 

The turns per pole (7) equals 
(370,000 times E) divided by the 
total flux per pole. This is for 60- 
cycle motors only, for which data are 
also given in the tabulated data. E 
in this formula is the single-phase 
voltage. 

From the above calculations the 
total number of turns per pole is 
obtained and the next step is to ar- 
range these turns into the proper 
number of turns per slot or per 
skein. To simplify this, it can be 
assumed in all cases that both the 
starting and the running windings 
will be skein wound. Then turn to 
the typical examples of motor wind- 
ings, in Table II, where the number 
of times that the skein is passed 
through each slot is given. In these 
examples the figure 1 indicates that 
the skein is passed through the slot 
only once, and the figure 2 that the 
skein is passed through a slot twice, 
and so on. 

For example, refer to winding No. 
12. In the main winding the skein 
passes through slot 7 once, through 
slots 8, 9, 10, 11 and 12, twice, and 
through slot 13 once, or a total of 12 
times per pole. In this case the total 
turns per pole equals the turns per 
skein times the skein factor (SF) 
per pole. That is, 32<12—884 turns 
per pole. ö 

On the other hand, if we know the 
total turns per pole and want to find 
the turns per skein, simply divide 
the turns per pole by the skein fac- 
tor, SF, given for the windings con- 
sidered in examples Nos. 1 to 14. 
Take for example winding No. 4. 
The running winding has 368 turns 
per pole and the skein factor, SF, is 
8. Then the turns per skein equal 
368--8—46 turns. To convert turns 
per skein into turns per slot, multi- 
ply the turns per skein by the figure 
in each running winding slot. Refer 
again to winding No. 4. Here slot 5 
would have 1 times 46, or 46 turns. 
Slot 6 would have 2 times 46 or 92 
turns, and in slot 7, where two coils 
overlap, the turns per slot for each 
coil would, of course, be 1 times 46, 
or 46 turns. 

The next step after determining 
the proper number of turns, is to 
find the size of wire to use for the 
running and the main windings. In 
general the wire should be as large 
as can be wound into the slots. In 
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estimating the sizes required the fol- 
lowing sizes can be used, taken from 
the current values given in the 
typical windings, in Table II, below. 
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Up to % hp. use 250 to 375 circ. mils 
per ampere. 


For & hp. use 400 circ. mils per amp. 
For % hp. use 425 circ. mils per amp. 
For 1 hp. use 450 cire. mils per ampere. 


Table II—Winding Data for Fourteen Typical Single- 
Phase Motors Designed for 60-Cycle Circuits 


Winding No. 1—For 1/30-hp., 110-volt, 


1.25-amp., 60-cycle, 1,700-r.p.m., four-pole 


motor, 24 slots, 2%-in. bore, 1K in. long. 


Slot NOt. jad eee eet ss 1 


Main winding. 1/1 


Start winding. 


2/21 4 4 | 2/2 


Main winding—50 turns of one No. 25 (.0179 in.) d.s.c wire. Skein factor 


SF equals 8 


Start winding—14 turns of one No. 30 (.0100 in.) d.s.c. wire. SF equals 12. 

Turns per pole—168 for starting and 400 for main or running winding. 
Starting turns 42 per cent of running turns. 

Running and starting windings skein-wound. Series connection used. 


Winding No. 2—For 1/12-hp., 110-volt, 


slots, 294-bore, 13% long. 


i reece em rr el ef er .. — . —.— 1 oe . — 


Start winding eat 


Main winding—40 turns of one No. 
Start winding—25 turns of one No. 


—— 1 — — — — | — — . — 


1711 2 2 [17/1 


23 (. 0226 in.) d. s. c. wire. SF equals 8. 
27 (. 0142 in.) d. s. c. wire. SF equals 6. 


Turns per pole-—320 main and 150 starting. Starting turns 47 per cent of 
running turns. Both windings skein-wound. Series connection. 


Winding No. 3—For 1/6-hp., 110-volt, 3,400-r.p.m., 60-cycle, two-pole motor, 3.6- 
amp., 24 slots, 3-in. bore, 144 in. long. 


Start winding. 


60-cycle, 1,725-r.p.m., four-pole motor, 24 


— — . ————— fl eee fee J — 14 ff — a ———— — 1 — 


— 1 ee — — ff fl ff J —1——————— — — — — 


111111111 11111111 


Main winding—36 turns of one No. 
Start winding—30 turns of one No. 


16 (.0508 in.) d. c. c. wire. SF equals 10. 
27 (.0142 in.) d.s. c. wire. SF equals 10. 


Turns per pole—360 main and 300 starting winding. Starting turns 83 per 
cent of running turns. Both windings split skein-wound. Series connection. 


Winding No. 4—For 1/6-hp., 110/220-volt, 1,725-r.p.m., 60-cycle, fonr-pole motor, 
24 slots, 344-in. bore, 15g in. long. 


{am 


/ AAA Pe ek iaa 


Main winding. 


Start winding. .... anasan.. 


Main winding—46 turns of one No. 
Start winding-—34 turns of one No. 


a fl cee — 1 — 


— 1 — — — . ee — ee — — 


——— | ——— — . —n—-ç ee J | 


22 (. 0254 in.) d. c. c. wire. SF equals 8. 
28 (0126 in.) d.s. c. wire. SF equals 6. 


Turns per pole—368 main and 204 starting winding. Starting turns 56 per 


cent of running turns. 
Both windings skein-wound. 
parallel for 110 volts. 


Series connection for 220 volts and two- 


Winding No. 5—For 1/6-hp., 220-volt, 


1.9-amp., 1,725-r.p.m., 60-cycle,, four-pole 


motor, 36 slots, 3%4-in. bore, 14 in. long. 


Slot No........... — 11121314156 
Main winding 171121211 
Start winding. 1 


——ñ—ç— — . 1 —1— ——— — 1 — — ... 


1 111 


Main winding—36 turns of one No. 22 (. 0254 in.) d.s.c. wire. SF equals 12. 
Start winding—61 turns of one No. 26 (0.159 in.) d.s.c. wire. SF equals 4. 
Turns per pole—432 main and 244 starting. Starting turns 66 per cent of 


running turns. 


Both windings skcin-wound. Series connection. 


Winding No. 6—For 1/6-hp., 220-volt, 60-cycle, 2.2-amp., 1,725-r.p.m., four-pole 
motor, 36 slots, 3½ -in. bore, 1% in. long. 


Main winding. 221 


—— — 1 —— ——— ———1—— — . ——— — 


Start winding ts U 2 2 


1122 221 1122 | 
4 212 4 


Main winding—37 turns of one No. 20 (.032 in.) d.s.c. wire. SF equals 10. 
Start winding—32 turns of one No. 28 (.0126 in.) d.s.c. wire. SF equals 8. 
Turns per pole—370 main and 256 starting. Starting turns 69 per cent of 


running turns. 


Both windings skein-wound. Series connection. 
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After finding the size of wire from 
the above data, and after the turns 
per slot and size of wire for the 
starting winding have been deter- 
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mined, it is a good plan to try the 
total number of wires in one slot, 
that is, the total number of running 
and starting wires, and if possible 


Table II—Winding Data for Fourteen Typical Single- 
Phase Motors Designed for 60-Cycle Circuits 


(Continued from the preceding page) 


Winding No. 7—For %-hp., 110/220-volt., 2.5/1.25-amp., 60-cycle, 1,725-r.p.m., 
four-pole motor, 24 slots 3%-in. bore, 144 in. long. 


9 | 10 | 11] 12 | 13 


Main winding................ 


Start winding. 1/1 


Main winding—70 turns of one No. 23 (.0226 in.) d.c.c. wire. SF equals 8. 
Start winding—58 turns of one No. 30 (.0100 in.) d.s.c. wire. SF equals 6. 
Turns per pole—560 main and 464 starting. Starting turns 82 per cent of 
running turns. i 
Both windings split-skein. 


Series connection for 229 volts and two-parallel 
for 110 volts. 


Winding No. 8—For -hp., 220-volt, 60-cycle, 1,750-r.p.m., four-pole motor, 24 
slots, 3-in. bore, 2 in. long. 


ed omens! . —.—.— — 


Main winding. 


Start winding 


Main winding —11 turns of one No. 22 (. 0 254 in.) d. s. c. wire. SF equals 10. 

Start winding—38 turns of one No. 29 (. 0113 in.) d. s. c. wire. SF equals 8. 

Turns per pole—440 main and 304 starting. Starting turns 70 per cent of 
running turns. 

Both windings skein-wound. Series connection. 


Winding No. 9—For %-bp., 110-volt, 60-cycle, 3,400-r.p.m., two-pole motor, 24 slots, 
314-in. bore, 1% in. long. 


Slot No.. 1234567889 1011.12 131415161718 


— — 1 — . —— . ——— . ———— ——— 


Main winding 11111111 111111111 


Start winding 11111111 1 111 


Main winding—64 turns of one No. 18 (. 0403 in.) d. c. c. wire. SF equals 10. 

Start winding—59 turns of one No. 30 (. 0100 in.) d. s. c. wire. SF equals 10. 

Both windings split skein- wound. TwWwo- parallel connection. 

Turns per pole —640 main and 590 starting. Starting turns 90 per cent of 
running turns. 


Winding No. 10— For M-hp., 110-volt, 4.18-amp., 1, 725- r. p. m., four- pole motor, 36 
slots, 35-in. bore, 144 in. long. 


Slot No 1123141456789 1011/12 1311415 16 | 17 18 (19 
Main Winding....... 1711214211 11212/102421 11212 1/1 
Start winding 21 112 


Main winding—37 turns of one No. 21 (.0285 in.) d.s.c. wire. 

Start winding—45 turns of one No. 26 (.0159 in.) d.s.c. wire. 

Turns per pole—444 main and 270 starting. Starting turns 60 per cent of 
running turns. 

Both windings skein-wound. Two-parallel connection. 


SF equals 12. 


Winding No. 11—For %-hp., 110-volt, 1,700-r.p.m., 60-cycle, four-pole motor, 48 
slots, 4-in. bore, 2 in. long. 


Slot No 


Main winding......... 1|/2|2j|2ļ|1/1|2|2|2|1 21/1 


— —— —— —— — —.——— — — ————————— — 


Start winding. 1711111 1111171 


Main winding—19 turns of one No. 19 (. 0359 in.) d. s. c. wire. SF equals 16. 

Start winding—30 turns of one No. 26 (0159 in.) d. s. c. wire. SF equals 6. 

Turns per pole 304 main and 180 starting. Starting turns 60 per cent of 
running turns. 

Main winding hand-wound. Two- parallel connection. 


1122 


Winding No. 12—For 1/3-hp., 110-volt, 1, 725. r. p. m., 5.3-amp., 60- cycle, four- pole 
motor, 36 slots, 3%-in. bore, 2% in. long. 


Slot No.............. 1 2 3 [4] 5e 7s [9 1011121314 1516171819 
N 1710221 1221/1221 112 21/1 
i ser: 21 I 


Main winding —32 turns of one No. 20 (. 032 in.) d. c. c. wire. SF equals 12. 

Start winding—43 turns of one No. 26 (. 0159 in.) d. s. c. wire. SF equals 6. 

Turns per pole —384 main and 258 starting. Starting turns 67 per cent of 
running turns. 


Main winding hand-wound. Two-parallel connection. 


SF equals 6. 


5E 
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increase the running winding wire 
one size. In case the starting wind- 
ing wires make the slot full and 
tight, the starting winding wire size 
can be reduced one size without bad 
effects so as to give a liberal size for 
the running winding. This com- 
pletes the necessary data for figur- 
ing out the running winding. 

The starting windings of split- 
phase motors are designed to give 
phase displacement. This is ac- 
complished by making the resistance 
of the starting winding high as com- 
pared to the resistance of the run- 
ning winding. The resistance of the 
starting winding is proportioned so 
as to limit the starting current to 4 
to 6 times the current that is taken 
at full load. 

However, to work out the starting 
winding by the resistance method 
calls for calculations that are likely 
to cause mistakes. It is safer to use 
known values taken from good exist- 
ing windings, such as in the 
windings given in Table II, and then 
calculate the starting winding data 
by percentages based on the turns 
per pole of the running winding, as 
there is less likelihood of making an- 
noying mistakes. 

In the tabulated windings Nos. 1 
to 14 the percentage of starting 
winding turns per pole to the run- 
ning winding turns per pole has been 
given in each case. On an average, 
the turns per pole for the starting 
winding can be considered as 62 per 
cent of the running winding turns 
per pole. Or if any winding that is 
being worked out checks up with any 
one of the typical windings, the 
starting winding data can be taken 
directly from the tabulated winding 
data with good results. From 50 to 
65 per cent of the running winding 
turns can be safely used for the 
turns per pole for the starting wind- 
ing and a satisfactory winding will 
result. 

The next step in laying out the 


starting winding is to determine the 


size of wire. This can also be done 
by using the running winding as a 
base. From the windings given in . 
Table II it will be found that for 
four-pole motors the size of wire for 
the starting winding runs from four 
to eight sizes smaller than the 
running winding, or that on an 
average the starting winding wire 
size can be made six or seven sizes 
smaller than the running winding 
wire size. Then for a two-pole mo- 
tor winding, the starting wire will 
be 11 sizes smaller than the wire 
used in the running winding. For 
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Table II—Winding Data for Fourteen Typical Single- 
Phase Motors Designed for 60-Cycle Circuits 


(Continued from the preceding page) 


Winding No. 13—For %-hp., 110-volt, 1,750-r.p.m., 60-cycle, four-pole motor, 48 
slots, 6%-in. bore, 244 in. long. 


Slot No 11 2)3/4/5)6| 7 |8 
Main winding 1/1 22121 


Start winding 17112 


Main winding—9 turns of one No. 14 d. c. c. wire. 
Starting winding—6 turns of one No. 23 d. c. c. wire. S 


100110121 13 |14)15}16/17/18) 19 [2002102223024 25 
2221/1022121 1121212/1//1 
1 1121211/1 


SF equals 16. 
equals 12. 


Turns per poles main and 72 starting. Starting turns 50 per cent of 


running turn 


Both ‘windings hand-wound. Parallel connection. 


Windings on rotor. 


Winding No. 14— For I-hp., 110/220-volt, 14.4/7.4-amp., 60-cycle, 1,740-r.p.m., four- 
pole motor, 48 slots, 5 -in. bore, 2½ in. long. 


Slot No.. 1121345678 
1-222 


Main winding 


Start winding 17112 


Main winding—14 turns of two No. 18 d.c.c. wires in parallel. 
Start winding—18 turns of one No. 26 d. c. e. wire. 


100110120 13 14]/15[1 6017/1819 21022023024 25 
2 221/1212121 2221/1 
1121/1 


SF equals 16. 
SF equals 8 


Turns per pole—224 main and 144 starting. Starting turns 64 per cent of 


running turns. 
Main winding hand-wound. 


Starting eee skein-wound. 


Connection: 


series for 220 volts and two-parallel for 110 volt 


two-pole windings, the turns per pole 
for the starting winding should not 
be less than 80 per cent of the run- 
ning winding turns per pole. 

For the starting winding, the 
turns per skein or per slot are found 
in the same way as already explained 
for the running winding. 

By following out the methods ex- 
plained in this article and studying 
the steps very closely, it will be 


found possible to take a three-phase 
or a two-phase core and calculate for 
it a single-phase winding that will 
give good results. On the other 
hand, a new winding can be worked 
out for a single-phase motor even 
when the original winding data are 
not known; or a starting winding 
can be designed for use with any 
main winding that may still be 
intact and in satisfactory condition. 


Equipment Used to 
Apply Lubricants 


(Continued from page 218) 


turbines and other high-speed de- 
vices, and for similar applications. 
In some closed systems the bearings 
or gear faces are flooded with oil 
which not only lubricates but coois 
the bearing. 

The lubricating systems mentioned 
above are typical in a general way 
of the various types of devices 
available. No attempt has been 
made to describe in detail the many 
common types of equipment coming 
under the first and second classifica- 
tions previously mentioned. 

The choice of a method of apply- 
ing lubricant is dependent upon the 
type of lubricant used, the service 
and operating conditions, and the 
type of bearing. 

From the descriptions which have 
been given of lubricating equipment, 
and an intimate knowledge of the 


operating and service conditions in 
their plants, it is hoped that indus- 
trial operating men may receive 
assistance in solving their lubrica- 
tion problems. The manufacturer 
is always willing to give further 
advice or explanations in the applica- 
tion of his equipment to a particular 
problem encountered in the lubrica- 
tion of industrial equipment. 

The lubrication of motors will be 
discussed in an article which will 
appear in an early issue. 

EpiTor’s NOTE: Special acknowledg- 
ment is made to the following com- 


panies for assistance in the prepara- 
tion of this and previous articles: 


Adams Grease Gun als New York 
City; Bassick Mfg. „Chicago, III.; 
Bowen Products 59 i Auburn Div., 


Auburn, N. V.; Carr Fastener Co., 
Cambridge, Mass.; ; Dearborn Chemical 
Co., Chicago, III.; Dixon Crucible Co., 
Jersey City, N. J.; Gits Bros. Mfg. Co., 
Chicago, III.; Hunter Pressed Steel Co., 
Landsdale, Pa.; Keystone Lubricating 
Co., Philadelphia, Pa.; Kelly Lubricator 
Co., Syracuse, N. Y.; Madison-Kipp 
Corp., Madison, Wis.; Marland Refining 
Co., Ponca City, Okla.; ; McCord Radi- 
ator & Mfg. Co., Detroit, Mich.; 
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Wm. W. Nugent & Co., Chicago, III.; 
Ohio Injector Co., Wadsworth, Ohio; 
The Pennzoil . Oil 1 Pa.; are 
ard Oil Co. of Chi hicage,. J 

Superior Flake Graphite Co leg 
Ill.; The Texas Co., New Vork City: 
Vacuum Oil Co., New Vork City; 
Waverly Oil Works Co., Pittsburgh, Pa. 


Clamp for 
Straightening Planks in 


Laminated Wall 


TYPE of a carpenter’s clamp, 

which was used successfully to 
bend 2-in. by 6-in. planking edge- 
wise in the construction of a saw- 
dust fuel bin, is shown in an ac- 
companying illustration. 

The bin was constructed of 2-in. 
by 6-in. planks laid and nailed fiat 
against each other, thus forming a 
laminated wall 6 in. thick. As some 
of the pieces were “snaky” some 
means of straightening them was 
necessary to make the wall smooth. 
The clamp shown in the sketches 
was made of l-in. by 2-in. flat iron. 
The lever was 22 in. long and was 
made double thick on the working 
end which was rounded with a large 
radius to present a large bearing 
surface to the wood. The lever was 
fastened to the clamp with a h- in. 


rivet. 


The perspective drawing shows 
the clamp in operation. The lever 
may be moved in either direction ac- 
cording to the curved arrows. The 
head of the lever acts as a cam and 
forces the plank over in the direction 
of the solid arrow This device 
could be used on either side of the 
bin to force the planks into position 
before nailing. Planks with con- 


This clamp was used to teres 
crooked planks in line when build- 
ing up a lamimated wall for a saw- 
dust fuel bin. 


siderable curve were nailed on with 


the curve in one extending to the 
right and in the other to the left, so 
that they would compensate each 


other. W. L. STEVENS. 
New Westminster, B. C., Can. 
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Lift and Carry 
Operations 


can never be eliminated 
but they need not be the 
meanest jobs in your 
plant 


TU DIES in production costs have 

worked great changes in han- 
dling operations in the up-to-date 
plants of today. The age of main 
strength and awkwardness in mov- 
ing raw materials and semi-finished 
parts to and from machines has 
passed, and in its place can be found 
the results of brain work in speeding 
up operations and making handling 
jobs less dependent on a strong back 
and good right arm. The work ex- 
pected nowadays from the day la- 
borer, and the basis of his wage, is 
more on how he uses his head than 
his muscle; and so the many men 
who were once classified as day la- 
borers are now expert machine 
operators who are happy and con- 
tented in doing their work, for which 
they receive a greater rate of pay, 
with less physical exertion, than was 
the case a comparatively few years 
ago. 

One good example of this applica- 
tion of brain power to mechanical 
handling is shown in the accompany- 
ing picture, which shows two men 
handling awkward work. Under any 
other circumstances this would not 
be considered an attractive job and 
would call for a gang of men with a 
necessary supervisor to direct their 
operations. This picture plainly 
shows how the thinking of the in- 
dividual responsible for the installa- 
tion of this. tramrail and hoist sys- 
tem effectively provided all necessary 
supervision of what to do and where 
to go in a simple mechanism that 
ordinary intelligence can learn to 
operate. The results are not hard 
to imagine in the speeding up of a 
hard job and making it attractive 
enough so that the hiring and firing 
of men to do the work is a problem 
that has almost been forgotten, as 
a thing of the past. 

Such lift-and-carry systems are 
somewhat new to industry, but they 
have made such progress that today 
the plant that does not use them 
is among those that are struggling 
against competitive conditions and 
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worried to death about the cost of 


labor and keeping their men satisfied 
on their jobs. 

In the fierce competition of the 
modern business world there is no 
place for out-worn, costly and inef- 
ficient methods that may have been 
good enough in their time, and un- 
der different conditions than exist 
today, but which have been left be- 
hind in the swift march of indus- 
trial progress. 

Strictly aside from the actual 
economies possible through the use 
of this equipment and the nice re- 
turn that it will earn on the small 
amount of money it costs, I am call- 
ing this matter to your attention as 
a study in the handling of men. No 
plant superintendent or general fore- 
man can afford to allow good, hard- 
working men to leave him after years 
of service and training simply be- 
cause other plants provide easier 
work at the same rate of pay. The 
training of men is an expensive 
operation and it is worth something 
to keep them satisfied and happy on 
their jobs. Loyalty and a contented 
mind devoted to an honest day’s work 
will always be reflected in the qual- 
ity of product turned out and the 
cost of making it. But too often 
competitive conditions are blamed 
for fewer orders and less work in the 
plant, when a little time spent in 
studying hard jobs will disclose that 
the real trouble can be eliminated by 
reductions in production costs and 
the elimination of wasted time in 
back-breaking work that lift-and- 
carry systems can perform tirelessly 
and at insignificantly small cost. 
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As a superintendent you may be 
so close to your production prob- 
lems that you are like the proverbial 
woodman who could never see the 
extent of the forest because of the 


trees. If you are in the midst of 
things so much every day that you 
are worried to death about plant pro- 
duction delays and slow deliveries, 
just take a vacation and visit some 
of the larger and newer plants where 
a new picture of production econo- 
mies will come to you and you will 
go home and be able to show this to 
your boss in the light that will en- 
able you to secure an authorization 
to make the needed changes in your 
plant to eliminate production wor- 
ries. If you have to pay your own 
expenses on such a trip it will pay 
you in the end to do so, for you will 
get it all back some day in the re- 
ward that always comes to those who 
know how to relieve the boss of high 
operating costs and make business 
easier to get at a profit. After all 
this is as much a part of your job 
as making a good automobile, a good 
steam engine, a good monkey wrench 
or a good anything else. 
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Do Not Forget the Days When 
You Were Starting Out 


ROBABLY every industrial operating executive 
remembers the days when he started in the plant, 
either as “the kid,” or directly from college to apply 
his engineering training. In either case he can, no 
doubt, look back at many rebuffs from some of his 
associates, and also carries appreciative remembrances 
of helpful suggestions and encouragement from others. 
Frequently it is too late or impossible to reward 
those who assisted. However, practically every plant 
has its “kid” or new engineering graduate whose 
future is influenced to a large extent by those with 
whom he associates. Kind words and deeds cannot 
always be paid back, but they can be passed on to 
others who will appreciate and be helped by them. 


— $$$ — — 


Reduction of Factory Noise Is an Aid to 
Production and Employee Comfort 


HE interest taken in employee welfare in the more 

progressive industrial plants is remarkable. This 
interest takes the form of improving the working con- 
ditions through making the surroundings more pleas- 
ant, providing better lunch rooms, recreation facilities 
and numerous other advantages. There is one thing, 
however, that is not receiving the attention that it 
should and which of all things has a great deal to do 
with the subconscious or nervous tension under which 
the employee works. We refer to noise. 

There are many industrial processes where noise is 
unavoidable—forging, for instance, or the din found 
in a tack factory. On the other hand, there are noises 
that can be avoided. One of these is the annoying 
whine from a chain drive, which is due to no fault of 
the chain itself but is caused purely by maladjustment 
or faulty installation. Another noise is the nerve- 
racking din caused by poorly-aligned gears and pinions. 
Proper and periodic maintenance will reduce this 
greatly and the use of non-metallic gears will in many 
instances eradicate the troublesome noise. Another 
noise that is particularly distressing is that caused by 
whistles of high-pitch tone, such as found on yard 
switching locomotives, warning and mill signal whistles, 
call systems, and the like. 

A high-pitch whistle that is sounded at frequent in- 
tervals causes a nervous tension that is not conducive to 
careful workmanship, while if the whistle is sounded at 
infrequent intervals, the nervous shock caused by the 
sudden blast is particularly trying. Use of low-pitch 
whistles will eliminate the nerve shock and at the same 
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time the sound will carry further. If a low-pitch whis- 
tle is not desired, use may be made of some of the 
many types of electrically-operated automobile and sig- 
nal horns now on the market. Also, some attention 
should be paid to the question of how far the sound 
or signal should carry. Only too often are the signals 
intended for only one department heard by plant de- 
partments at a considerable distance away. 

Tremendous strides have been made in the use and 
application of improved factory lighting to eliminate 
eye strain with its consequent nerve strain and im- 
paired production. Investigate the possibility of de- 
creasing unnecessary and nerve-racking factory noises 
as a means of increasing the comfort of employees with 
consequent improvement in the quality and quantity of 
production. 


Good Lighting in an Industrial Plant 
Costs Less Than Nothing 


URING the past few years the results of investiga- 

tions have convinced the lighting expert that poor 
lighting is costly. He has found this out by proving 
that good lighting not only costs nothing, but usually 
yields a handsome profit on the investment. Those 
who are familiar with the manifold details of the 
scientific aspects of lighting and vision have predicted 
for many years that adequate and proper lighting 
would be very profitable to everyone. 

The average intensity of illumination outdoors, under 
which our visual apparatus evolved, is a thousand times 
greater than the intensities commonly encountered 
indoors. There is every indication that illumination 
intensities upon our work-places and the brightness 
of the work are such that the eye is working in “low” 
instead of in “high,” as it should for continuous use. 
The ability to see fine detail, distinguish differences in 
brightness, discriminate color contrasts, see quickly 
and accurately, work with safety, and keep up our 
spirits, increases as the intensity of illumination in- 
creases. Scientists know that this increase usually 
continues far beyond any intensities of illumination now 
provided by artificial lighting. Furthermore, light is 
so generally misused that visibility is decreased due 
to glare, shadows, great brightness-contrasts, re- 
flected images of the light sources, and so on. 

Investigations of the influence of lighting upon pro- 
duction in factories measure the combined effect of all 
these factors. Many investigations of this phase of 
production have shown an appreciable increase in 
production under improved lighting. Usually this 
increase is at least several times greater than the cost 
of the better lighting, which averages only 1 or 2 per 
cent of the payroll. Thus by placing good lighting 
on the payroll, it is safe to predict that it will always 
pay for itself and usually will net a profit of several 
hundred per cent. 

Lighting experts claim that there are very few fac- 
tories in the world in which improved lighting will not 
at least pay for itself. 
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Rules for the Safe Operation of Overhead 


Traveling Cranes 


SSCNAFETY FIRST” has become a by-word in all in- 

dustrial plants and careful investigations have 
discovered and eliminated many unsafe practices as a 
result. Even so, there is much to be done in the case 
of the overhead traveling crane. 

The traveling crane is a source of accidents not only 
because the crane presents a hazard to those working 
underneath but also because it must be maintained, 
repaired, and operated from its overhead location. The 
overhead crane combines all the hazards of the freight 
elevator, the elevated electric car, and a railroad, with 
few of their safeguards. Safety has become more or 


less standardized for the three types of equipment just 


mentioned and accidents on them are few and far 
between. Such, however, is not the case with cranes. 
At the present time, the Safety Division of the 
Association of Iron and Steel Electrical Engineers is 
collecting the safety rules now in effect in the various 
steel companies with the hope of formulating a set of 
safety rules that will cover all phases of the subject 
and materially aid in promoting safety in the operation 
of cranes. This action is to be commended and encour- 
aged. It is hoped that the outcome of the work of this 
Association will be a standardized, working set of rules 
that may be universally applied to crane operation in 
all types of industrial works. Such rules are greatly 
needed and will prove to be of inestimable value. 


The Size of the Junk Pile Is a 
Measure of Progress 


URING an interview reported in a recent issue of 
Light, published by the National Lamp Works of 
General Electric Company, Samuel Insull, one of the 
outstanding figures in the central station field, was 
asked what he considered to be the most valuable asset 
of the lighting and power industry. 

“The junk pile,“ was his answer. Then he added, in 
explanation, “The junk pile indicates how quickly an 
industry can learn.” 

In these few words Mr. Insull expressed a truth that 
means a great deal to every industrial plant executive. 
In far too many industrial plants there are in operation 
today scores of machines and other equipment that 
should have been junked long ago. Good in its day— 
perhaps it was the best that could be had—this equip- 
ment is now obsolete and inefficient, a potential source 
of trouble from breakdowns, and a hindrance to maxi. 
mum production. Methods and processes that have 
been discarded by progressive plants, inefficient equip- 
ment, and high operating and maintenance costs do not 
make for high quality and quantity of products, at low 
unit cost. 

Nor is the personal application of this truth hard to 
make. How many of us are held back from the advance- 
ment that we might obtain, by our tenacious adherence 
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to out-worn ideas, antiquated notions and stubborn 
belief that the way we always have done certain things 
is necessarily the best way to do them? After all, 
growth and advancement in a professional and intel- 
lectual way are simply the acquisition of new facts and 
new knowledge, and the discarding of ideas and prac- 
tices that have been shown to be erroneous or have 


been superseded by ideas and practices that are better 


adapted to present-day conditions. 

Check over your mental junk pile and see how many 
additions you have made to it, say, during the past five 
years. By so doing you may find that you could, with 
profit, increase the size of that junk pile considerably. 


Do Not Let Whims Be Your Guide in 


Laying Out Power Drives 


OWHIDE in the form of leather belting has been 

with us for a long time. Volumes of engineering 
data can be found on its use and methods of application, 
all based on years of performance; and yet there are 
plenty of improper applications of otherwise good belts 
in almost any large plant, new or old, that you may visit 
today. You will find too long centers, too short centers, 
wrong pulley ratios, wrong belt widths, light-weight 
belts used where doubles should be used, and large and 
small doubles with home-made or makeshift belt tight- 
eners and other such contraptions that are evidence of 
bungled drive design or corrections of mistakes that 
could have been avoided by the proper use of belt data 
to be found in any good mechanical engineering hand- 
book. 

Because belts have been so generally used and every 
plant man has taken a hand in applying them according 
to his own ideas, or according to space restrictions im- 
posed by someone whose power drive knowledge or 
experience is still in the kindergarten stages, there have 
sprung up the many cure-alls for belt applications and 
troubles. 

We hold no particular brief for the leather belt, sim- 
ply because it needs no defender. It has made a place 
for itself through years of service under favorable and 
unfavorable conditions, and although the whims of drive 
designers to do away with belts must be expected to 
come and go in the future as they have in the past few 
years, the belt drive will be with us for a long time to 
come, simply because there is a limit to complications 
in machine drives, so that cost alone and the competition 
and simplicity of a well-laid-out belt drive will be the 
deciding factors. 

To our readers who are responsible for plant operat- 
ing costs, we offer the suggestion that a few hours’ 
study of such data on belt and power drives as are con- 
tained in Kent or Marks or any other good handbook 
will provide plenty of food for thought on how to save 
money in their own plants. Belt slip, belt stretch and 
the burning of belts over driving pulleys have reasons 
for which ignorance and belt dressing are not the 
corrective remedies. 


Wiping Lead Joints 


Demagnetising a Lathe. —I 
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Who Can Answer 
These? 


in Lead-Sheath 
Cable.—I should like to have readers 
give me some information on how to 
o about wiping joints in lead-covered, 
hree-conductor, 2,800-volt cable. I 
should like to know how to prepare 
the joint for wiping, what materials 
should be used, how to wipe the joint, 
and any precautions that should be 
observed in wiping the joint. 
Benoit, Ala. G. E. W. 


have a 
24-in. by 10-in. selective head lathe, 
which is magnetized; at least, when 
any work is done on the lathe, the 
chips cause us trouble by sticking to 
the lathe tool and surrounding lathe 
parts. It is my opinion that the spindle 
of the lathe is magnetized. I shall 
greatly appreciate it if readers will 
tell me how to demagnetize this lathe. 
If it is necessary to use a demag- 
netizing coil, how big should the coil 
be, how many turns and what size of 
wire should be used? Also, how many 
amperes should flow through the coil? 
Is there any way that I can demag- 
netize this lathe without using a 
demagnetizing coil? 

Beaumont, Tex. O. C. B. 


Best Way to Install Ball Bearings in 
Lineshaft Hangers.—We are going to 
replace the split, babbitted, shaft- 
hanger bearings on a 2 in., 72- 
ft. shaft with new ball bearings. The 
same drop hangers are to be used. 
Two solid pulleys are used: the re- 
mainder are split, either wood or steel. 
The shafts are connected with keyed 
flange couplings. What is the best 
way to go about making the change? 
Would it be best to let the shaft down 
to the floor, or work overhead? What 
is the easiest way of getting the 
flanges off and on again? Would it be 
better to replace them with compres- 
sion couplings? 

Syracuse, N. Y H. L. G. 


Changing Control to Obtain Lower Motor 


Speed. — The motor on our reversing 
planer drive is a 10-hp., Westinghouse, 
frame 90, type SK, shunt-wound motor 
having a speed range of 250 to 1.000 
r.p.m. We have no spare for this 
motor and when it fails, it is necessary 
to substitute a 15-hp., 400/1,600-r.p.m.. 
type SK Westinghouse, shunt-wound 
motor. The automatic control on the 
planer drive is arranged as shown in 
the accompanying diagram. The se- 
quence of operation of the contactors 
is shown in the table. In this tabula- 
tion the number of the contactor is 
given in the left-hand column, the 
“Cut” column refers to the cut stroke, 
the “Return” column refers to the 
return stroke, and the Bk.“ column 
refers to the dynamic braking applied 
between reversals. The control is 
arranged so that a low speed is used 
on the cutting stroke and a high speed 
on the return stroke. These speeds 
are obtained by proper adjustment of 


question that you can 
answer from your ex- 
perience. 
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Questions Asked * 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
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the shunt-field rheostat. When using 
the 400/1,600-r.p.m., 15-hp. motor, the 
speed of the return stroke can be 
properly adjusted, but the cutting 


stroke is too fast. Full field on the 
motor a ves 400 r.p.m., whereas a 
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speed approximately 300 r. p. m. is 
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desired. Can readers tell me any way 
that I can obtain this speed on the 
15-hp. motor without rewinding it or 
changing its fields? Is it possible to 
obtain satisfactory results with re- 
sistance in series or in parallel with 
the armature? If so how much re- 
sistance should be used, or how should 
I go about determining the correct 
amount? 

Indiana Harbor, Ind. A. R. D. 


Method of Connecting Generator to Bus. 


—In the power house of our lumber 
mills we are planning on installing a 
6,000-kw. three-phase, 480-volt, 9,000- 
amp. turbo-generator. To the bus 
there are now connected an 800-kw. 
and a 2,000-kw., 480-volt generator. 
I would like to know what readers 
would recommend for connecting the 
6,000-kw. generator to the bus. Should 
cable be used, and if so, how 
should it be arranged so as to elimi- 
nate the inductive effect and its con- 
sequent heating due to the heavy 
current flowing? Would it be better 
to use bus-bars and if so, how should 
they be supported and arranged so as 
to reduce the induction? Any recom- 
mendation that readers can give for 
the layout of the connection between 
the generator and bus will be appre- 


ciated. 
Bellingham, Wash. E. M. D. 


Changing Wire Insulation.—I am plan- 


ning to rewind the armature of an 
Autolite generator. This ar mature was 
originally wound with No. 18 single- 
cotton- covered wire. Can some of the 
readers of this column inform me what 
results I will get if I rewind this 
armature with No. 18 enameled wire? 
I shall be grateful for your help. 

Marietta, Ohio. E. L. 
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Proper Foundation for Alternutor.— 
(1) We are going to install a 133-kva., 
belt-driven alternator in the near fu- 
ture, and I should like to know how 
to make a suitable foundation for it. 
We are thinking of using a wooden 
framework. Is this alternator too 
large for such a foundation? I should 
like to know what type of foundation 
readers would recommend for this 
alternator, and also how the founda- 
tion should be made. (2) When the 
distance between pulley centers of the 
alternator and engine is long should 
the alternator foundation be heavier 
than when the machines are close to- 

ether? How should the alternator 
e fastened to the timbers or other 
types of foundations that are recom- 
mended? I shall greatly appreciate 
any information that readers can give. 
New Orleans, La. O. C. H. 


Trouble From Static on ZBelt- Driven 
Machines.—We have about 200 sewing 
machines all of which are belt driven. 
The girls who run these machines 
complain that they frequently et 
shocks from them. I believe that this 
is due to static from the leather belts 
which drive the sewing machines. 
shall appreciate it very much if some 
reader can tell me how to prevent this 
trouble. I have grounded the sewing 
machines but the trouble still con- 
tinues. To what should I ground the 
machines so as to obtain the best 
results? How should the ound be 
made? I might say that the sewing 
machines are placed on wood floors in 
a room that is quite dry and warm. 
Would the use of rubber belts correct 
the trouble I am encountering? I 
should like to learn the experience of 
other readers on this subject. 

York, Pa. 


Answers Received 
To Questions Asked 


Selecting High-Pressure Bearings.—In 
one of our manufacturing processes 
the product is rolled under high pres- 
sure. We have always had consider- 
able difficulty with the bearings and 
as we are going to rebuild the ma- 
chines are consi oring ra ng other 
types of bearings. would like to 
know what types of bearings other 
operating men favor for paper cal- 
endars, rubber mills, and cereal rolls, 
as I believe our problem is similar. 
Will some readers from these indus- 
tries please give me their experience 
with babbitt (including the type), 
bronze bushings, ball or roller bear- 
ings and the method of lubrication 
which they have found most satis- 
factory? 
Brooklyn, N. Y. J. A. A. 


A high-pressure bearing of the type 
J. A. A. is considering should be of a 
design to provide automatic lubrication, 
and of such proportions that the pres- 
sure per square inch of projected area 
is within the limit of the load-carrying 
capacity of the bearing metal. 
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The bearing metal should be softer 
than the metal of the journal so that a 
minimum of injury would result from 
seizing. Other desirable properties 
are: a low co-efficient of friction, a 
low co-efficient of expansion, high heat 
conductivity, the property of adhesion, 
to hold the oil film, the ability to carry 
intermittent overloads, and the ability 
to withstand abnormal bearing tem- 
peratures. The soft alloy bearing 
metals yield to the contour of the jour- 
nal under heavy loads and increased 
temperatures, which decreases the 
pressure on the high spots, re-estab- 
lishes the oil films and so prevents the 
seizing of the journal. The harder 
metals, such as bronze and brass, ac- 
cording to my experience, do not have 
these advantages or possess the most 
desirable characteristics mentioned. 

Genuine babbitt has been used suc- 
cessfully for heavy duty in properly- 
designed bearings, but I have found 
under test and actual working condi- 
tions in the field that a similar white 
metal known as Bearite, which is 
manufactured by the A. W. Cadman 
Co., is an exceptional bearing metal. 
This metal can be used in bearings with 
pressures from 150 Ib. to 300 Ib. per 
inch of projected area, with correspond- 
ing temperature rises of 70 and 130 
deg. F. respectively in the bearing, 
with peripheral journal speeds of 300 
to 1,100 f. p. m. 

In the absence of definite data as to 
speed, load, physical limitations, and 
the nature of service, no definite pro- 
portions or design can be given to 
J. A. A. The length of the bearing in 
terms of the diameter, varies according 
to the nature of the load and the type 
of bearing. For heavy journals with 
fixed bearings, the length is from two 
to three times the diameter of the 
journal. E. H. LAABS. 


Engineer, 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Misleading Results Sometimes Obtained 
from Magneto Test.—Sometimes I get 
rather misleading results through the 
use of a magneto to determine 
whether there are defects in some of 
our electrical apparatus. Under cer- 
tain conditions I have found that the 
magneto will indicate a dead ground, 
whereas further investigation shows 
that the equipment is in very good 
operating condition. Also, I have 
found that a magneto will sometimes 
indicate an open in a shunt-field coil, 
when further investigation shows that 
the field coil is O. KR. I should like to 
know if any readers have had similar 
experiences and can explain the rea- 
sons for this pecullar action of the 
magneto. Also, can you suggest other 
test methods that might be used un- 
der the conditions mentioned? 

Omaha, Neb. . M. P. 


In answer to the question asked by 
M. P., I have found that the use of 
a magneto for testing is not advisable 
in a number of instances. With the 
exception of a few special types, the 
magneto generates an alternating cur- 
rent. When used in testing a shunt 
field, or any highly inductive winding, 
the choking effect of the inductance 
limits the current to less than that 
required to ring the magneto bell. This 
will cause the magneto to indicate an 
open circuit when the circuit is closed. 
When testing a line for grounds the 
capacity of a long line is often so great 
that the charging current will be 
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sufficient to ring the magneto bell, 
indicating a ground when the line is 
actually clear. 

An instrument that I find very 
handy for making a number of dif- 
ferent tests is a Weston, model 45, 
direct-current voltmeter, having four 
ranges, 3, 15, 150 and 300 volts. This 
instrument is very sensitive, having a 
resistance of 108.38 ohms per volt. It 
is shielded against stray magnetic 
fields by an iron case which is enclosed 
in a substantial wood carrying case, 
making a very rugged instrument that 
will stand a lot of external abuse. 

In testing for grounds or opens, I 
use the 3-volt range and two dry cells. 
This will give a positive indication 
through a fairly high resistance. The 
deflection of the pointer of the meter 
when connected through a resistance of 
50,000 ohms is about one scale division. 
With a lower resistance you get a 
correspondingly greater deflection. In 
case of an open, the voltmeter will 
give no deflection; that is, zero voltage. 
In case of a short or dead ground, the 
voltmeter will indicate full battery 
voltage or 3 volts. 

By using the voltmeter method of 
measuring insulation resistance, meas- 
urements of insulation resistance can 
be made up to as high as 9 megohms 
when using the 300-volt range on the 
voltmeter and a 220-volt power supply. 
In making insulation tests where direct- 
current power supply line is not avail- 
able, I have five of the small size 22% 
volt, radio B batteries mounted in a 
carrying case. This gives me about 
110 volts. These batteries can be pur- 
chased for about 65c each and with 
reasonable care will last a year or 
more. Using this set of batteries and 
the 150-volt range on the voltmeter, a 
deflection of one scale division will read 
1.8 megohms. 

By using the various ranges of this 
instrument and a corresponding volt- 
age, resistance can be measured fairly 
accurately down to about 10 ohms. 
This instrument is also useful in test- 
ing armatures for opens, shorts or 
grounds, for checking sets of shunt 
coils for partial short-circuits, and in 
setting brushes. It is also useful in 
testing the voltage-of individual cells 
or groups of cells of storage batteries. 

WM. H. FREDRICKSON. 
Elizabeth, N. J. 


SS s+ % 2% 


Regarding the misleading results ob- 
tained by M. P. in his magneto test, I 
would say that a magneto should not 
be used for testing for grounds on 
large coils, on long cable circuits, or 
between circuits of large electrostatic 
capacity, because of the condenser 
effect, which may indicate a physical 
connection where none but a condenser 
connection exists. A lamp test using 
alternating-current supply, the tele- 
phone receiver test, and the voltmeter 
test where the voltmeter is used on 
alternating current, all have limita- 
tions similar to those of the magneto. 

In testing for a continuous circuit in 
a field coil, a telephone receiver in 
series with a worn-out flashlight cell 
will give a good, live click when placed 
across the terminals of the coil under 
suspicion, if the circuit is not open. 
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Also, in ordinary cases, the lamp test 
is reliable where the coils do not have 
too high resistance. 

For ground tests, my experience as 
a trouble man during years of atten- 
tion to details, leads me to state that 
for practically all ordinary cases, the 
voltmeter test for grounds is reliable, 
when direct-current supply is used for 
testing instead of alternating current. 
Windsor, Canada. L. L. FARRAR. 
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The use of a magneto in testing eleo- 
trical apparatus should be carried out 
with caution. This is due to the fact 
that the magneto generates alternating 
current and is subject, therefore, to the 
effect of inductance and capacity in the 
windings. For instance, if there is con- 
siderable capacity between windings 
and ground, sufficient current will flow 
in the circuit (made up of one terminal 
of the apparatus and the other con- 
nected to the frame of machine) to 
cause the magneto bell to give a slight 
ring and apparently indicate to the 
tester that a ground exists. This is an 
alternating-current phenomenon which 
is readily observed in power trans- 
mission circuits where ammeters will 
give a reading at the generating sta- 
tion even though the circuit is open at 
the receiving end of the line. This 
current is commonly known as charging 
current. 

It is often found in trying to ring 
through a highly inductive winding, 
that is, one of many turns, as a high- 
voltage winding on a transformer, that 
the magneto bell will not ring; this 
remark is also applicable to a shunt- 
field coil. This is due to the fact that 
the impedance of the winding is so 
high that the magneto generator is not 
capable of forcing sufficient current 
through the winding to allow the bell 
to ring. In other words, to an inex- 
perienced tester an open circuit would 
apparently exist when the circuit was 
actually intact. 

There are several methods of test- 
ing that may be used, all of which are 
based on using direct current in some 
way. The following methods are in 
common use: (1) An outfit consist- 
ing of dry batteries and a bell or buz- 
zer. (2) A test set consisting of dry 
batteries and some form of commercial 
galvanometer. (3) A lamp bank. (4) 
A Megger testing set. 

Methods 1, 2, and 3 are in common 
use. The exact number of batteries 
required for the first two methods, of 
course, depends on the type of equip- 
ment being tested. A number of com- 
mercial forms of galvanometers can be 
purchased on the open market in var- 
ious forms and under various trade 
names. The use of a megger outfit for 
general testing is becoming very com- 
mon, as the outfit may be adjusted to 
suit various conditions. In general it 
may be said that methods 2, 3, and 4 
are to be preferred since the result or 
effect may be seen by the eye while the 
effect of method 1 is on the ear, which 
may be, and usually is, not so sensitive 
as the eye. 

A very delicate test consists in using 
a telephone headset and a dry battery. 
This test is used in underground cable 
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work quite extensively for testing for 
grounds, short-circuits and continuity. 
It is necessary, however, that the 
tester should not be deceived when 
testing for an open circuit if the cir- 
cuit has much capacity, since a click 
may be noted when the circuit is first 
made, due to the current necessary to 
charge the system. A little practice, 
however, will overcome the objection to 
this method which is readily applied 
and requires very little equipment for 


using it. C. OTTO VON DANNENBERG. 
Designing Engineer, 

Sanderson & Porter. 

Springdale, Pa. 
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The problem on the action of a mag- 
neto, given by M. P., could be answered 
more completely if the resistance of the 
ringer were known, and also the types 
and voltages of the coils and equipment 
being tested. 

Magnetos will often give misleading 
results on inductive circuits due to the 
induction set up in the circuit by the 
alternating current from the magneto. 
The induction in the circuit varies with 
the frequency of the magneto and the 
current flowing through the circuit 
under test is governed by the resistance 
and inductance in the circuit. The 
faster the magneto is turned, the 
higher the frequency and inductance 
become. Even though the voltage of 
the magneto increases with the speed, 
the inductance may be great enough 
to reduce the current. 

A low-resistance ringer used for test- 
ing requires a higher current than one 
of high resistance. Testing a high- 
voltage, high-resistance, field coil with 
a low-resistance ringer may not permit 
sufficient current to flow in the circuit 
to operate the ringer, due to the high 
inductance and resistance in the coil re- 
tarding the current. Yet, this same 
coil tested with a high-resistance ringer 
may pass enough current to operate the 
ringer with the same voltage and fre- 
quency. In this way, an open-circuit 
may be thought to exist in the coil. A 
coil with a large number of turns and 
which has an open circuit may give a 
ring with a high-resistance test set if 
the break is near the center of the 
winding. The condenser effect between 
the two parts of the winding may pass 
enough current to operate the ringer. 

Making a ground test with a high- 
resistance magneto may indicate a 
ground which would not show up on 
low-resistance testing equipment. The 
ground may be a high-resistance one 
and yet pass sufficient current to oper- 
ate the ringer, but be of too high re- 
sistance to pass enough current to burn 
out on a low-voltage test. Ground 
tests should be made with a low-re- 
sistance device, but a high-resistance 
test is good also to prove that no kind 
of ground exists. It is advisable to 
make a high-resistance ground test on 
appliances that are to be handled by 
inexperienced persons, for a current 
strong enough to be felt may pass 
through a ground of this nature. 

The use of a magneto for testing 
should be confined to non-inductive cir- 
cuits, such as resistance units and other 
apparatus. Coils may be tested with 
good results by removing them from 
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their cores, since this reduces the in- 
ductance and will permit more current 
to flow through them with the same 
voltage applied. Windings with iron 
cores act the same as any a.c. choke 
coil even though they may be designed 
for d.c. operation. 

The Electric Fault Finder made by 
The Electric Controller and Mfg. Co., 
Cleveland, Ohio, gives splendid results 
for testing all kinds of equipment. It 
does not use a magneto, thereby doing 
away with the frequency and induction 
effects in circuits under test. I have 
used it in all kinds of tests and find it 
entirely satisfactory. I also find the 
Megger to be one of the most reliable 
testing instruments as it reads directly 
in ohms which enables the repairman 
to compare the condition of the coils 
under test with standards. The “Meg” 
is advertised on page 98 of the March 
issue of INDUSTRIAL ENGINEER by 
James G. Biddle Co., Philadelphia, Pa. 
M. P. will make no mistake in securing 
either one of the instruments I have 
mentioned if he has much testing to do. 
Chicago, III. CARL G. HOWARD. 
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Replying to M. P.’s question, I quite 
agree with his remarks about the re- 
sults he obtained from testing with a 
magneto. I also notice that in the 
January, 1926, issue on page 40, R. N. 
Vining made similar remarks about the 
magneto in his article on “Method of 
Testing for Grounds and Faulty Insu- 
lation.” Since he did not give the rea- 
son for the results obtained with a 
magneto, which M. P. asks about, I 
will endeavor to answer his questions. 

Among available testing apparatus 
which we may mention beside the mag- 
neto are, the telephone receiver and bat- 
tery, the vibrating bell or buzzer and 
battery, the test lamp using d. c. or a. 
c., the voltmeter and ammeter, and test 
sets put out by various companies. The 
one which comes to my mind first is 
that of the Square D Company, which 
will indicate a value of a. c. or d. c. 
roughly, up to 600 volts, distinguishing 
between these currents and doing al- 
most anything except indicating the po- 
larity of d. c. circuits. 

In circuits which we are called upon 
to test there is the quality of resist- 
ance which limits the flow of both d. c. 
and a. c. according to Ohm’s law. Also, 
every commercial circuit possesses in 
some degree a quality known as in- 
ductance. This quality becomes more 
apparent if the wire of the circuit is 
wound on a spool or a coil, and is of 
greatest value when this coil has a 
core of iron or soft steel as in the case 
of a field coil of a d. c. machine or the 
winding of a transformer. As the cur- 
rent changes in value in a circuit hav- 
ing inductance, a counter-emf. is in- 
duced in the circuit which prevents the 
current from flowing as it would in a 
circuit in which resistance alone is pres- 
ent. In a d. c. circuit, the current is 
continuous; therefore, inductance does 
not materially affect a circuit through 
which a direct current flows. In an 
a. c. circuit the value of the current 
is changing constantly as well as re- 
versing in direction so that inductance 
will have considerable effect. 
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A magneto is usually able to ring 
its bell through 25,000 to 40,000 ohms 
of resistance, but when we test a cir- 
cuit of high inductance even though the 
resistance may be very low, especially 
so in the case of a primary of a trans- 
former or the field coil of a d. c. ma- 
chine, the bell may not ring due to the 
fact that the magneto generates alter- 
nating current instead of direct cur- 
rent, for the magneto is a two-pole, 
a.c. generator with permanent magnets 
to suply the excitation. 

The opposite quality to inductance is 
capacity or condenser effect, which is 
also present to some degree in all cir- 
cuits and to a marked degree in any 
circuit of considerable length. When 
testing with a magneto on a wire hav- 
ing considerable capacity connected to 
it, we may obtain a ring, indicating 
that the circuit is not open. However, 
when testing the same circuit with a 
high-resistance, d. c. voltmeter and a 
voltage of say 110 volts direct current, 
the voltmeter reading will indicate an 
open or zero voltage, outside of a “kick” 
of the pointer when the circuit is first 
made. If we add to this voltmeter cir- 
cuit a reversing key, which will put first 
the positive side and then the negative 
side of the direct-current supply to the 
terminal of the insulated wires, we will 
get a “kick” each time we operate the 
reversing key and if we do it fast 
enough, the voltmeter indication will be 
the same as if a small voltage of vary- 
ing value were acting on the line under 
test. What we are doing is actually 
putting a. c. into the line, or charging 
and discharging the condenser which 
the line constitutes. 

The magneto, also, will send a cur- 
rent through, or more correctly, will 
charge and discharge this condenser 
and when we remember the very small 
current necessary to ring the bell or 
buzzer it is evident that it does not 
take much of a condenser to have an 
“apparent resistance” below 25,000 or 
40,000 ohms, or low enough to give us 
a signal. 

Electrical Foreman, L. E. DUNHAM. 


The Sydney E. Junkins Co. B. C. Ltd., 
Vancouver, B. C., Can. 
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In answering the question asked by 
M. P., it will be interesting for him 
to know that a magneto test set should 
never be used for testing field poles of 
an electric machine, nor any coil having 
a number of turns of wire wound upon 
an iron core. Also an electric circuit 
of great length should not be tested 
with the magneto. If a circuit of high 
capacitance is tested with a magneto 
test set an erroneous indication may 
be the result, due to the electrostatic 
capacity of the circuit and the alternat- 
ing current of the magneto alternately 
charging the two conductors to positive 
and negative potentials, causing the 
bell to ring, and thereby indicating a 
short-circuit where none exists. The 
shunt-field coils of a direct-current mo- 
tor or generator have a high induct- 
ance and when testing the coils with 
the magneto, the bell may not ring, 
thereby indicating an open circuit, 
although the circuit may be closed. 
The reason why the bell does not ring 
even though the circuit is not open, is 
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because of the high impedance of the 
inductive winding of the field coil to 
the flow of alternating current from the 
magneto. The result is that not 
enough current flows through the mag- 
neto to ring the bell. 

In the absence of a voltmeter or test- 
ing transformer, a grounded coil can 
be located by the lamp test. A 60- 
watt or larger lamp connected in series 
with the coils under test, will act as an 
indicator and also will prevent exces- 
sive current flow. To test for grounded 
coils proceed as follows: Disconnect 
the machine from the line; connect 
one side of the line to one terminal of 
the field coils, then connect the other 
side of the line to the frame of the 
machine. If one of the coils is 
grounded, the lamp will light. The 
exact coil that is grounded may be lo- 
cated by opening connections between 
the coils so as to divide them into 
groups. Each group should then be 
tested separately for grounds. After 
the group with the ground has been 
found, open the connection between 
each individual coil in this group and 
test each coil for a ground. By using 
a testing transformer the exact loca- 
tion of the ground can be located by 
the smoke, arc, or heating where the 


ground exists. OviIpE C. HARRIS. 
Plant Electrician, 

Freiburg Mahogany Co., 

New Orleans, La. 
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Starting Large Induction Motors.—The 
local power company does not permit 
the connection of squirrel-cage mo- 
tors larger than 25-hp. capacity to its 
line. Above this size a wound-rotor 
induction motor is required. Such a 
motor and its control are of neces- 
sity more expensive. It is my under- 
standing that some forms of resist- 
ance starters for squirrel-cage motors 
will cause the initial current peak to 
build up gradually and consequently 
create no voltage disturbance on the 
power company's lines. If any read- 
ers have used such starters on motors 
larger than 25 hp., so as to meet the 
requirements of power companies and 
have successfully shown them that 
motors larger than 25 hp. can be 
started without line disturbance, I 
would greatly appreciate learning the 
details of the application. I would 
also like to learn the motor size, volt- 
age, speed of motor, and type and 
maker of starter in each case. 

Cedar Rapids. Ia. 


H. P. will be able to obtain the data 
that he wishes regarding the starting 
of large induction motors, from such 
companies as the Century Electric Co., 
St. Louis, Mo., the Wagner Electric 
Corporation, also of St. Louis, Mo., and 
the United States Electric Co., Los 
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These diagrams 
show in detail the 
cause of the trouble 
experienced by 
W. E. H. with his 
55-volt generator. 
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Angeles, Calif. The Century type AS 
motor is made in capacities up to 
60 hp. while the Wagner type BW is 
made up to 50 hp. , 
The Wagner motor has a winding in 
the rotor that causes the motor to take 
low starting current. This winding is 
shorted when the motor comes up to 
full speed and the motor runs as a 
squirrel-cage machine. The Century 
motor is similar to the Wagner type 
except that it has a buried squirrel- 
cage winding which does not function 
until the motor reaches nearly full 
speed. The United States Electric mo- 
tor has both windings, but uses a 
heavier squirrel-cage winding and does 
not short the wound-rotor winding. 
Other companies are adopting this 
latter scheme. These manufacturers 
will supply for their motors, data as 
to the starting current at full load, 
time of acceleration, and the like. 
Seattle, Wash. W. MONTELIUS PRICE. 


* * * * 


Low-Voltage Generator Willi Not Excite. 
t was necessary to rewind the 
shunt field coils of a 50-volt generator 
of very low capacity, which is direct- 
connected to a small motor having a 
speed of about 4,000 r.p.m. It is a 
two-pole machine having 2,000 turns 
of No. 37 wire in each shunt field coil. 
When the winding was completed, the 
machine generated 55 volts satisfac- 
It was then found necessar 
to reverse the generator position wi 
regard to the motor, which of neces- 
sity reversed the direction of rotation; 
due to this reversal of rotation the 
residual magnetism of the generator 
was lost. When I separately excite 
the shunt flelds from a 50-volt, direct- 
current bus the generator develops its 
proper voltage. hen I reconnect the 
fields to the armature terminals I get 
a reading of only 1 volt. I wish some 
reader would tell me what is wrong 
and how I can correct this trouble. 
Stamford, Conn. W. E. H 


With reference to W. E. H.’s trouble, 
the diagrams in the accompanying 
illustration will show what is happen- 
ing to his machine and how to remedy 
the trouble he is experiencing with his 
generator. 

Diagram A shows the original con- 
dttions for a self-excited generator 
rotating clockwise, having the right- 
hand brush positive. The curved arrow 
indicates the direction of rotation of 
the armature and the straight arrow 
in the small circle indicates the direc- 
tion of current flow in the armature 
of the generator. 

When the direction of rotation of 
the armature is reversed by turning the 
generator around 180 deg., this would 
change the polarity at the brushes, if 
the field strength could be maintained 
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in its original direction. In diagram 
B, the direction of rotation has been 
changed to counter-clockwise to cor- 
respond with the conditions just stated. 
This changes the current flow through 
the armature and also the brush polar- 
ity. What happens in this case is that 
when the generator is started from 
rest, the pole pieces retain a small 
amount of residual magnetism of the 
original polarity and when the arma- 
ture starts to revolve the residual mag- 
netism generates a current in the 
armature conductors which flows in 
the opposite direction to the original 
current shown in diagram A. This 
results in the armature generating a 
voltage of the opposite polarity and 
inasmuch as the fields are connected 
directly across the armature, the re- 
versal of polarity causes the field cur- 
rent to flow in the opposite direction 
through the field coils. This current 
tends to build up the field in the oppo- 
site direction and the result is that the 
magnetomotive force caused by the 
field current opposes the residual mag- 
netomotive force so that the sum total 
is zero, the fields are demagnetized 
and no voltage is generated. In other 
words, the generator does not build up 
its voltage. 

Now, when the fields are separately 
excited, the machine will generate re- 
gardless of the polarity of the pole 
pieces and the polarity of the brushes 
will depend upon the direction of cur- 
rent in the field. This condition is 
shown in diagram C. If the field is 
Separately excited in the same direc- 
tion shown in diagram B, the gen- 
erator will build up its voltage when 
self-excited again. However, if the 
shunt field is separately excited in the 
oposite direction to that shown in dia- 
gram B, the generator will not build 
up its voltage when self-excited again. 

There are two ways by which the 
machine can be made to pick up its 
voltage. One method is shown in 
diagram D. In this case the shunt 
field leads ‘are interchanged, which 
gives the original polarity but changes 
the brush and busbar polarity. If it 
is required to retain the same busbar 
polarity, the armature leads can be 
interchanged as shown in diagram E, 
which would give the same conditions 


as the original set-up. 
Wilkinsbueg, Pa. S A. C. ROE. 


In answer to the question asked by 
W. E. H., I would say that in order 
to obtain residual magnetism in the 
field poles in case there is none, excite 
the shunt field from an outside source 
of power leaving the current on long 
enough so that the field poles will at- 
tract soft iron held adjacent to the 
poles. If the current from the arma- 
ture is flowing through the shunt field 
in the right direction to strengthen the 
residual magnetism in the field this, 
in turn, will result in a greater volt- 
age being generated which will cause 
a greater field current. This process 
goes on until the machine is generating 
its rated voltage. On the other hand, 
if the shunt-field current is in such a 
direction as to set up a magnetomotive 
force bucking the residual magnetism 
of the fields, the field is weakened to 
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such an extent that the machine will 
not build up. 

If the machine will not build up or 
excite, due to the cause mentioned 
above, namely wrong direction of shunt- 
field current, there are three ways of 
getting it to build up. The first way 
is to reverse the shunt-field leads to 
the armature. A second method is to 
reverse the direction of rotation. The 
third way is to reverse the direction 
of the separate source of exciting cur- 
rent through the shunt field. The way 
to accomplish the first is apparent. As 
to the second, if the direction of rota- 
tion cannot be reversed it need not 
be considered. By the third method, a 
residual magnetism may be built up 
in the field core with the same polarity 
as that produced by the armature cur- 
rent, after the direction of rotation has 
been reversed. 


Note that reversing the shunt field 


leads to the armature reverses the 
direction of the current through the 
shunt field. This enables the current 
to strengthen instead of weaken the 
field. The strong field in turn causes 
the machine to build up, as has been 
explained. 

Concord, Mass. DONALD FERGUSON. 
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W. E. H. asks about the cause of 
some trouble he is having with a small 
generator building up after the direc- 
tion of rotation was reversed. When 
the machine was turned around and 
the direction of rotation reversed, he 
should have either crossed or inter- 
changed his armature leads or his field 
leads in order to get it to generate. 
After he has done this the generator 
may have the oposite polarity, due to 
the fact that he has separately excited 
the fields from an outside source. If 
this is true and it is necessary to re- 
verse the polarity all that he need do 
is to excite the fields from the busbars 
again, connecting the field leads to the 
oposite busbars. 


Peoria, III. GEO. RINGNESS. 
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Method of Changing Two-Phase, Four- 
Wire System to Two-Phase Three- 
Wire Syatem.—Our power supply is 
from a two-phase, four-wire system. 
For various reasons I wish to change 
the distribution to a two-phase, three- 
wire system. Will some reader tell me 
how to determine which wires of the 
four-wire system should be connected 
together to form the common or neu- 
tral wire? Is it possible to tie to- 
gether the wrong pair of wires to form 
the neutral? How should the four- 
wire, two-phase motors be con- 
nected to the three-wire system? Are 
there any precautions to take in con- 
necting motors to the three-wire sys- 
tem? Will this change affect anything 
else in the plant? 

New York, N. Y. J. M. 


Answering J. M. I would say that 
there are several factors that should 
be taken into consideration in chang- 
ing from a two-phase, four-wire sys- 
tem to a two-phase, three-wire system. 
In determining the proper wires to con- 
nect together for the neutral wire, 
many machines are designed with the 
phase wires of phase A and phase B 
in rotation on the terminal block; that 
is, phase A leads will be numbered 
1 and 2 and the wires of phase B will 
be numbered 3 and 4. Since it is de- 
sired to connect the two phases in 
series, it will be necessary to connect 
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wires 2 and 3 together, the center wire 
for the system being taken from this 
series tie. It is entirely possible to 
connect the wrong wires because con- 
necting 1 and 2 or 3 and 4 together 
would cause one phase of the machine 
to be short-circuited. í 
The current and voltage relatians in 
a two-phase, four-wire system may be 
determined by treating each circuit 
separately, as if they were two indi- 
vidual, single-phase circuits. However, 
when the system is transformed from 
a two-phase, four-wire circuit to a two- 
phase, three-wire circuit, the treatment 


Phase A Phase B 


-Comparative current and voltage 
relations in four-wire and three- 
wire, two-phase systems. 


becomes more complicated. When the 
system has been changed from a two- 
phase, four-wire to a two-phase, three- 
wire, the phase voltages are added 
vectorially to find the voltage across 
the outside wires. This is found to be 
equal to the square root of the sum of 
the squares of the phase voltages, as, 
E. (voltage across outside wires) = 
V (E.’+E,’) as is shown in the accom- 
panying diagram. A similar relation 
holds true for the current in the com- 
mon wire. Let J=the current in each 
phase for the four-wire system, as 
shown in the accompanying diagram, 
and J, and J, equal the current in the 
A and B phases respectively for the 
three-wire system. Then I= I. Id. 
Also, I. = V (I. Id), equals the cur- 
rent in the common wire as is shown 
in the diagram. PHIL D. COMER. 
San Bernardino, Calif. 


* * * * 


I assume that the power supply in 
J. M?s plant is 220 volts and that he 
is going to make the change from two- 
phase, four-wire to two-phase, three- 
wire on the main distribution board. 
It is then a question of determining 
which two of the four terminals on the 
board can be connected together to 
form the neutral. The voltage should 
be measured across any two of the 
four buses or terminals. He should 
locate a pair of terminals that show 
no voltage across them. These can be 
connected together to form the common 
wire. After making this connection 
the voltage across the remaining pair 
of terminals should be 310 as read from 
the voltmeter. These two terminals 
will connect to the two outside wires of 
the three-wire system. If J. M. ap- 
plies this test he will have no difficulty 
in connecting the correct pair of wires 
together. 

In a two-phase system, one phase is 
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90 deg. ahead or behind the other phase. 
This means that at a certain instant 
of time, one phase generates maximum 
voltage while the other phase generates 
zero voltage. Now with one termi 
of each phase connected together and 
measuring the voltage across the re- 
maining terminals of each phase, the 
two phases will be connected in series 
across the voltmeter. The voltage 
across the two phases in series, 90 deg. 
apart in time phase, will be equal to 
the square root of the sum of the 
squares of the phase voltages or 
vV (2207+2207) =310 volts. 

The leads of two-phase motors are 
generally marked T-1 and T-3 for 
one phase and T-2 and T-4 for the 
leads of the other phase. So, by con- 
necting T-3 and T-2 together to 
form the common wire and connecting 
T-1 and T-4 to the outside legs of 
the three-wire system, J. M. will solve 
the problem of connecting the motors. 
If the rotation of the motors has to be 
changed, reverse the leads of only one 
phase at the motor. 

When changing over from a four- 
wire to a three-wire system, J. M. will 
have to consider the voltage to ground 
on a three-wire system. The voltage to 
ground is equal to 1.41 times the phase 
voltage. Accordingly, the insulation of 
the motors and equipment will be sub- 
jected to about 310 volts to ground, 
and there will be a greater liability of 
motor breakdowns, due to insulation 
failure on a three-wire system. 
Chicago, III. A. NOEPPEL. 


* * * * 


Answering J. M.’s question, the only 
precaution to be observed in connect- 
ing the two wires forming the neutral, 
is to determine by test which pair of 
wires constitute a phase. When this 
has been done, either wire of one phase 
may be connected to either wire of the 
other phase to form the common lead. 
Two-phase systems are as a rule oper- 
ated from generators having two sep- 
arate and distinct windings. A test 
made with lamps, or preferably with a 
voltmeter will, show without question 
which pair of wires belong to each 
phase. 
wires no reading on low-voltage circuits 
will be obtained if one wire of each 
separate phase is picked out. However, 
with an interconnected system, the 
voltage between phases will be the 
voltage per phase multiplied by 1.414; 
that is, if the voltage per phase is 110 
the voltage between phases will be 
110X1.414=156 volts. This test is, of 
course, one that can also be made when 
the common lead has been made up by 
testing between the outside wires. The 
only serious mistake that might be 
made is to connect together the two 
wires of the same phase, causing a 
short-circuit. 

C. OTTO VON DANNENBERG. 
Designing Engineer.“ 
Sanderson & Porter, 
Springdale, Pa. 
* * * * 


Replying to the question by J. M. in 
reference to changing from four-wire, 
two-phase to three-wire, two-phase, the 
first essential is to make sure by volt- 
meter or lamp tests between phases and 
from all four wires to ground that he 
has two non-interconnected phases. 


With the usual system of four 
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Having found say, that the middle 
point of each phase is grounded or that 
the phases are interconnected in the 
generator, the connection of any two of 
the four wires ,would give a short until 
these interconnections were cleared. 

Having determined that he has two 
independent phases he will find with a 
lamp or voltmeter that he has full line 
voltage from No. 1 wire to one of the 
other three, and the same voltage be- 
tween the remaining two. Each of the 
other four possible ways of pairing the 
wires should give little or no voltage. 
He should connect together any two of 
these four potential wires, and use this 
jumped connection for one of his three 
wires, the other two wires forming the 
remainder of the system. Either of the 
other two connections would give a 
short-circuit. 

There is, of course, every reason for 
connecting together the inside terminals 
of his four-pole service switch, inter- 
changing wires to make this posible if 
need be. The same two wires (or sin- 
gle wire if he runs but three) should 
run to the inside poles or pole of every 
branch switch, cutout, and the like, if 
he expects to continue the use of any 
two-phase, three-wire motors. 

In connecting the motors for three- 
wire service, the same procedure should 
be followed, except that, instead of get- 
ting a voltage between No. 1 wire and 
one other, he will find a closed circuit 
which he can determine with a lamp 
and power, or by ringing with a mag- 
neto so as to get the two pairs. Do 
not connect together two leads on which 
a ring is obtained, but join together 
any pair of leads on which the magneto 
does not give a ring. The jumpered pair 
should connect to the middle pole of 
the switch. To reverse rotation, re- 
verse the outside poles of the switch 
only, never the middle. 

If lights are to be connected, care 
must be taken to connect them between 
the middle pole of the switch to an out- 
side pole, for the voltage between the 
outside legs will be 41 per cent more 
than the circuit voltage. In fusing and 
wiring, J. M. will likewise have to con- 
sider the fact that the middle leg car- 
ries 41 per cent more current than the 


outside ones. E. D. CARTER. 
Engineer, 

The Baylis Company, 

Bloomfield, N. J. 
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Referring to the question asked by 
J. M. regarding the method of chang- 
ing a four-wire, two-phase circuit to a 
three-wire, two-phase circuit, he will 
have no trouble in making this change 
and can connect either of the two wires 
of one phase to either of the two wires 
of the other phase, to obtain the com- 
mon wire. This common wire when so 
connected will carry 1.41 times the cur- 
rent of either phase and should have at 
least 1.41 times the area of either of 
the remaining wires. 

The voltage between the two outside 
wires of a three-wire, two-phase system 
will be 1.41 times the voltage of 
either phase. For example in a two- 
phase system, one phase is 90 deg. 
ahead or behind the other and adding 
vectorially the effective voltages of 
both phases we get a resultant voltage 
of 1.41 times the phase voltage. 

In other words, the voltage between 
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phases could be obtained from the 
maximum point (divided by 1.41 for 
effective values), on the curve of 
instantaneous values, derived by adding 
the algebraic sum of the two sine 
waves, which represents the current 
value at any instant in the two phases. 
The ordinary motor has two phases 
entirely separate and there will be no 
trouble in connecting one wire of either 
phase to either wire of the other phase. 
Using four wires, there are four fuses 
all of the same size. Since the current 
across the common wire, when using 
three wires is 1.41 times as large as 
was formerly carried in each of the 
four wires, it will be necessary to use 
a larger fuse in place of the two fuses 
previously used. If all four fuses are 
kept in service, care should be taken to 
see that the fuse contacts are kept in 
good order, so that the current will 
divide equally between the two fuses 
for otherwise one common wire fuse 
will take more than its share of the 
load and blow, thereby putting the load 
on the other common wire fuse. 
Seattle, Wash. W. MONTELIUS PRICE. 
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The following is my method of solv- 
ing the problem given in J. M.’s ques- 
tion in regard to changing a two-phase, 
four wire system to a two-phase, three- 
wire system. The most complete 
method of making this change would 
take into consideration the relative 
polarity of the two phases, that is, after 
the change from four-wire to three- 
wire had been made, the phase rotation 
in the three-wire system would be the 
same as that of the four-wire system. 
By this method it would be necessary 
to determine the polarity of each phase 
in both the four-wire and three- 
systems, so as to make them agree. 
The method of determining polarity 
can be ascertained from the very ex- 
cellent article by L. P. Staubitz in the 
December, 1924, issue of INDUSTRIAL 
ENGINEER. This method outlines the 
method of determining polarity at the 
transformer terminals. J. M. could 
also determine the polarity at the watt- 
hour meters located at the source of 
power supply. 

In case neither of these methods 
could be applied, J. M. should measure 
the voltage across different pairs of 
wires until he finds a pair giving zero 
voltage. This pair should be con- 
nected together and the voltage meas- 
ured between the two remaining wires. 
The measured voltage should equal 1.4 
times the voltage across either phase. 
Should he connect two wires of oppo- 
site polarity together to form the com- 
mon wire it would not cause any 
trouble except that it would change the 
direction of rotation of the rotating 
field, and a motor connected thereto 
would revolve in the opposite direction. 
This could be readily changed, how- 
ever, by interchanging leads at the 
motor. 

I would suggest that no fuse be 
placed in the neutral or common wire. 
The current in the neutral wire is 1.4 
times the current in either of the out- 
side wires. If the neutral fuse should 
blow, the motor will run single phase 
and since the resulting voltage is 
1.4 times the normal voltage between 
one outside wire and neutral, consider- 
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able damage to the motor might result. 
Moreover, if the three-wire, two-phase 
system is used for lighting purposes, a 
blown fuse in the neutral would result 
in certain lamps being supplied with 
over-voltage, and others being supplied 
with under-voltage, in case of load un- 
balance on the two phases. Assume 
that one phase is loaded with five 100- 
watt, 110-volt lamps while the other 
phase has only one such lamp. Since 
the single-phase voltage on each phase 
is 110 volts, the voltage between the 
two outside wires will be 1.4X110=156 
volts. If under these conditions the 
neutral fuse should blow, each of the 
five lamps in one phase will receive 
only 26 volts, while the one lamp in 
the other phase will have 130 volts 
applied to it. 

The only other change, aside from 
those that I have mentioned, is to give 
the neutral wire sufficient capacity. 
Inasmuch as the current in the neutral 
wire is 1.4 times the single-phase cur- 
rent, the neutral wire should have a 
current carrying capacity that is 1.4 
times that of either of the outside 
wires. P. VAN HERK. 
Bressoux, Liege, Belgium. 
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Replying to J. M., it is not likely 
that the wrong pair of wires will be 
tied together to form the common wire, 
if a voltmeter is used before attempt- 
ing the connection. I have successfully 
made several changes of this nature re- 
cently and encountered no difficulties. 
It should be borne in mind that since 
the current in the common wire is com- 
posed of two equal currents displaced 
in phase by an angle of 90 deg., the 
resultant current is equal to 1.41 times 
the current in either wire. Likewise, 
the voltage across the two outside wires 
is equal to 1.41 times the voltage be- 
tween either wire and the common. 
For example, a two-phase, four-wire, 
220-volt system, carrying a load of 100 
amp. on each phase, after being 
changed to a three-wire, two-phase sys- 
tem will have 220 volts between either 
wire and the common, but will have 
1.41X220=310 volts between the two 
outside wires. The current in each 
outside wire will be 100 amp., but the 
current in the common wire will be 
1001.41=141 amp. In a two-phase, 
four-wire system that is not intercon- 
nected, the voltage between separate 
phases is zero. It is only necessary to 
join together one wire from each phase 
to form the common wire. 

Assuming that it is desired to make 
the change at the transformer second- 
aries, the usual method is to connect 
together the two inside secondaries be- 
tween which the voltage is zero. In 
connecting motors precautions should 
be taken so that the two line wires that 
have 310 volts across them, are not con- 
nected across one phase of the motor. 
If care is taken to see that the common 
wire is connected to one wire of each 
phase of the motor, it is impossible to 
go wrong on the other two. 

This change should not affect any- 
thing else in the plant that could not 
be corrected, so long as the common 
wire is always treated as one wire of 
either or both phases and nothing is 
connected across the two outside wires. 
San Francisco, Calif. W. O. HURLBUT. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. The items may 


refer to tnspection, overhauling, testing, and emergency or special installations. = 


Graphic Method for 
Determining Power Output of 
Induction Motors 


A GRAPHIC method for obtaining a 
fair idea of the power required to 
drive certain machines has been found 
valuable, where no wattmeter was 
available, or lack of time did not per- 
mit its use. This method is not claimed 
to be as accurate as the wattmeter 
method, but it certainly is more accu- 
rate than taking a current reading and 
multiplying by, say, 1 for 550 volts and 
calling the result the horsepower re- 
quired. Consideration is taken of the 
motor losses and magnetizing currents 
even if they are a little high or low. 

In finding the necessary data proceed 
as follows: (1) Note the motor rating 
with regard to horsepower, r.p.m., fre- 
quency, terminal voltage, and full-load 
current. Determine no-load current, 
that is, with the belt off or uncoupled, 
and line voltage. In the case of wound- 
rotor motors, the magnetizing current 
may be fairly closely determined simply 
by raising the brushes from the slip 
rings and measuring the primary cur- 
rent. (2) Take readings with an am- 
meter and voltmeter when the motor is 
driving its normal load. Make note of 
these readings and the corresponding 
line voltage. For good results, line 
voltage should be stable. (3) Approxi- 
mate the efficiency of the motor to 
ascertain the losses, and also the power 
factor at full rated load. 


Magaetizing Current 


True Load Current 


The horsepower load may be deter- 
mined from the current drawn by 
an induction motor, by means of a 
diagram like this, as explained in 
the text. 


For example, take a 50-hp., 2,200- 
volt, 60-cycle, six-pole motor which was 
tested by this method and checked 
against its characteristic curves. Full- 
load current is 12.5 amp., no-load cur- 
rent is 4.5 amp., approximate efficiency 
is 85 per cent at full load, and approxi- 
mate power factor is 94 per cent at full 
load. The losses are equal to 100—85 
=15, per cent, or for this 50-hp. motor 


the losses would be 7.5 hp. The amperes 
per horsepower at full load equal 12.5 
50=0.25, and for 7.5 hp. this would 
be 7.5X0.25=1.9 amp. A full-load 
power factor of 94 per cent at rated 
voltage and frequency equals the cosine 
of 20 deg. 

Draw any right angle as shown in the 
accompanying diagram. Let the hori- 
zontal line BC represent true power in 
amperes and the vertical line AB rep- 
resent the reactive component in am- 
peres. Then the hypothenuse will 
represent the line amperes as read from 
an ammeter. Now with any conven- 
ient scale lay off, from the intersection 
of the two lines AB and BC on the 
horizontal line, 1.9 units, or BD, repre- 
senting the loss in amperes. From D 
draw a line DE, 4.5 units long cutting 
AB at E. BE represents the magnetiz- 
ing current, ED is the no-load line cur- 
rent and BD is the motor losses at full 
load (all of these values are in am- 
peres). From E draw a straight line, 
EF, 12.5 units long cutting BC at F. 
With a protractor, check angle BFE 
which should be close to 20 deg. Scale 
DF is equal to 10 units and represents 
50 hp.; therefore 1 unit equals 5 hp., 
and we derive this constant, 5, to be 
used later. 

We are now ready to find the horse- 
power required to drive the load. The 
ammeter reads 8 amp. and the voltage 
is 2,200. From E draw a straight line 
EG 8 units long, cutting BC at G. 
Since BD represents motor losses and 
BG represents the total input, the input 
minus the losses equals the output or 
DG which equals five units. Multiply- 
ing these five units by the constant 5, 
which was found previously, gives 25 
hp., or the output required to drive the 
lead. If the angle BGE is measured 
with a protractor, it will be found to 
be 31 deg., which corresponds to cos. 
0.857 or the power factor of the motor 
when delivering 25 hp. For a table 
of efficiencies and other characteristics 
of induction motors, consult any good 
handbook. W. L. STEVENS. 


New Westminster, B. C., Canada. 


Method of 
Suspending Heavy Fixtures from 
Wooden Beam 


ECENTLY the problem arose of 

suspending four heavy fixtures 
from a wooden beam in an inexpensive 
manner. There was already in place a 
conduit run having 4-in. square 
boxes fastened to the bottom of this 
beam where each fixture was to be lo- 
cated, and which was used for other 
purposes. This made it necessary to use 
these boxes or rearrange the conduit. 


Accordingly a hole was drilled 
through each of the four conduit boxes 
for screw-eyes which were screwed into 
the wooden beams. The fixture proper 
was supported by three chains which 
were attached to a hook with a %-in. 
stem, suspended from the screw eye. 

The conduit box was covered by a 
canopy and which enclosed all of the 
wiring splices, as well as the screw- 
eye. Naturally, a job of this sort en- 
tailed the precaution of securing a good 
ground, which was accomplished by im- 
bedding the screw-eye deeply in the 


i4 a 


Simple suspension for heavy fix- 
tures in a conduit installation. 
The screw-eye is fastened to an 
overhead beam through a hole 
drilled in the conduit box, and 
grounded against the washer. 


beam so that it pressed firmly against 
the washer and conduit box. This job 
was approved by the Underwriters. — 

We used a screw-eye of sufficient size 
and strength to hold the fixture. The 
sketch shows how this simple suspen- 
sion was made. By its use we saved 
ourselves the inconvenience and extra 
cost of changing the conduit installa- 
tion. NATHAN W. BLANCHARD. 
Inwood, Long Island, N. Y. 


— 


Interlocking Control System for 
Overhead Tramways 


T following scheme was proposed 
for transporting crushed rock from 
a quarry to a cement mill located ap- 
proximately 5% miles distant, by using 
three overhead tramway systems with 
buckets suspended for carrying the 
crushed rock. The material is carried 
uphill out of the quarry by tramway 
No. 1, shown in the diagram, and then 
down grade to where it connects with 
tramway No. 2. Tramway No. 2 takes 
the material and conveys it to No. 3, 
which delivers it to the cement mill. 

Buckets are suspended at equal in- 
tervals from the overhead cables of 
each of the three tramways, so that 
when a full bucket from No. 1 arrives 
at the dumping place, an empty bucket 
from No. 2 is ready to receive it. 
Similarly No. 2 tramway disposes of 
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its load to No. 3. As a matter of fact, 
a small amount of storage space is 
available between the tramways, but 
only enough to take care of one bucket 
load. It was, therefore, essential that 
the speeds of the three tramways be 
kept the same, although it was not de- 
sired to use a complicated control. 

To accomplish the desired results, 
it was proposed to drive each of the 
three tramways by a 100-hp., 900- 
r.p.m., 440-volt, three-phase, 60-cycle, 
slip-ring motor equipped with a sole- 
noid brake. When the tramways are 
at rest something in excess of full-load 
torque is required to start them mov- 
ing, but when all the descending 
buckets are full, the motors of No. 2 
and No. 3 tramways are overhauled 
and act as induction generators, de- 
veloping approximately 80 hp. and 90 
hp. respectively, and pumping current 
back into the line. 

Tramway No. 1 differs from the 
other two in that the full buckets de- 
scending the 6 per cent grade are more 
than counterbalanced by the full 
buckets coming up the 16 per cent 
grade and it is necessary for the mo- 
tor to supply the extra power neces- 
sary to operate this tramway. As this 
motor is always pulling a load it can 
never run as fast as 900 r.p.m.; its 
speed will always be less than this 
value. On the other hand, the other 
two motors, being overhauled, will al- 
ways run above 900 r.p.m. 

It is a well-known fact that the 
speed of a slip-ring induction motor 
can be changed within certain limits, 
by varying the amount of secondary re- 
sistance. It is probably not so gen- 
erally known that inserting secondary 
resistance tends to increase the speed 
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of the machine when it is acting as an 
induction generator, although it will 
decrease the speed when operating as 
an induction motor. 

If all three tramways were geared to 
their respective motors with the same 
gear reduction it would never be pos- 
sible to fulfill the requirement of oper- 
ating them all at the same speed. No. 
1 tramway would always operate 
slower than No. 2 and No. 3. It was 
necessary, therefore, to gear up the 
speed of No. 1 tramway slightly above 
the regenerative speeds of No. 2 and 
No. 3 and get speed adjustment by in- 
serting resistance in the secondary of 
No. 1 motor. Besides the permanent 
resistors for final speed adjustments, 
the control equipment included three 
standard, General Electric, Type CR- 
7012-B1 starters and accelerating re- 
sistors with standard push button 
stations. 

Important requirements of opera- 
(1) Under usual condi- 
tions of operation all three tramways 
must operate at the same time when 
conveying material. (2) Stopping of 


Control apparatus used to operate 
overhead tramway system for 
transporting crushed rock from a 
quarry 5½ miles distant from the 
cement mill. 


A, line contactors for motors Nos. 1. 
2 and 3. B, “Start-Stop” push but- 
ton stations for individual opera- 
tion of the motor rpe a 
selective snap switches to o 
motors in sequence or indivi mais: 
“down” for sequence operation and 
“up” for individual operation. D, 
start button used or sequence 
operation when selective switches 
are in the “down” position. B, 
emergency stop buttons. F. per- 
manent resistance to adjust speed. 
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any tramway must always cause No. 
1 tramway to stop; otherwise there 
would be a piling up of material at 
the stalled tramway. (3) In case of an 
emergency it must be possible to stop 
the entire system from any one of 
four locations; that is, at each motor 
installation and at the cement mill. 
(4) If desired, any tramway must be 
capable of being operated independently 
of the others for the purpose of test- 
ing out motor and control equipment. 

As indicated in the diagram, tram- 
way No. 3 is started by the proper 
push button station located at the 
quarry. As soon as the line con- 


‘tactor of No. 3 motor closes, No. 2 


motor starts up. Similarly, No. 1 
motor starts when No. 2 motor con- 
tactor closes. Therefore, No. 1 motor 
will always shut down no matter which 
motor stops, which will prevent piling 
up of material between any two con- 
veyors. In case it is desired to operate 
any starter without its being in se- 
quence with the other two, this can be 
accomplished by pushing the proper 
double-throw snap switch C to the “up” 
position. 

The above system of overhead con- 
veying makes it possible to carry ma- 
terial over forest land, swamps, ridges, 
ravines, and so on. Also, since the 
material is mainly carried down grade, 
it is possible to obtain braking by the 
regenerative action of the motors, the 
economy of which is two-fold: (1) The 
regenerative current from the motors 
is used to run motors in the cement 
mill and quarry, thus reducing the load 
on the power plant. (2) Regenera- 
tive action is superior to mechanical 
braking as there is an entire absence 
of mechanical friction and consequently 
there are no brake shoes to replace or 
periodically adjust. The solenoid 
brakes referred to previously are used 
only as holding brakes when the tram- 
ways are at rest, or for deceleration in 
emergencies when the motors are shut 
down because of overload or voltage 


failure. R. F. EMERSON. 
Industrial Engineering Dept., 

General va he ee mo 

Schenectady, N 


Difference Between 
40-Deg. and 50-Deg. D. C. Motors 
and Their Ratings 


1 a few years ago, all direct- 
current motors were known as 
40-deg. designs. The difference between 
40-deg. and 50-deg. motors is in the 
temperature rise in the windings when 
operating at full load. Under these 
conditions 40-deg. motors have a max- 
imum allowable rise of 40 deg. C (72 
deg. F) above room temperature. When 
operating continuously at full load, 
they are good for a 25 per cent over- 
load for a period of 2 hr. with a 55- 
deg. rise in temperature. A 650-deg. 
motor has an allowable rise in tem- 
perature of 50 deg. C when operating 
continuously at full load and has no 
allowance for any overload whatso- 
ever. This means that on the basis of 
an average room temperature of 72 
deg. F. a 40-deg. motor will rise to a 
temperature of 144 deg. F and a 50- 
deg. motor will rise to a temperature 
of 162 deg. F. The maximum temper- 
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ature is, of course, on the inside of 
the winding and is usually about 15 
deg. hotter than the observed temper- 
ature indicated by a thermometer on 
the outside of the winding. The dif- 
ference between this maximum tem- 
perature and the temperature of the 
air around the motor gives the rise. 

Naturally, a 40-deg. motor will be 
larger than a 50-deg. motor of the 
same rating. The 40-deg. motor con- 
tains more laminated iron in its core 
and more copper in its coils because 
its temperature rise must be less on 
the same load. There is practically no 
difference between a 10-hp., 50-deg. 
motor and a 7%4-hp., 40-deg. motor. 
The advantage in using a 50-deg. mo- 
tor is nothing more or less than its 
first cost, whereas the 40-deg. motor 
will carry heavier loads and stand more 
abuse. It has been proven that some 
motors are built with too much iron 
for the amount of copper used. In this 
case the coils will rise to a temperature 
much higher than the iron and in the 
event that there is not enough iron, 
the iron will heat to a higher temper- 
ature than the copper. 

It is very important to remember 
that the temperature rise of a motor 
is given in degrees Centigrade. The 
latest standardization rules of the 
American Institute of Electrical En- 
gineers provide that in motors with 
the class of insulation used in reliable 
makes of motors, the temperature as 
recorded by a thermometer should be 
within a limit of 80 deg. C. This is 
equivalent to 176 deg. F. No one would 
dare place his hand in contact with 
the frame at a temperature anywhere 
near that limit. 

Temperatures of motors are affected 
by weather conditions. Say, for in- 
stance, that a motor has a temperature 
of 40 deg. F. when operating con- 
tinuously. Such a motor operating on 
a day when the normal air temperature 
is 70 deg. F. would reach a temper- 
ature of 110 deg. F. which would be 
only comfortably warm to the hand. 
The same motor under the same con- 
ditions on a mid-summer day when the 
thermometer runs from 90 deg. to 95 
deg. F. will attain a temperature of 
130 deg. F. to 140 deg. F. Any tem- 
erature over 120 deg. F. is uncom- 
fortable to the hand and usually gives 
rise to alarm on the part of some 
motor users. However, a motor with 
a surface temperature of 140 deg. F. 
is in no danger of overheating. Unless 
there is an odor of burning insulation 
the motor cannot be considered in 
danger. According to standards of the 
A. I. E. E. the life of the machine 
insulation depends upon the actual 
temperature attained by the different 
parts, rather than on the rise of tem- 
perature in those parts. These tem- 
peratures can be obtained by using one 
of the standard methods. 

It is a well-known and proven fact 
that the rating of motors is deter- 
mined by the continuity of operation, 
which must accordingly be considered 
in making a selection. The heating of 
the machine, due to passing of elec- 
tric current through it, largely deter- 
mines the rating. 

A motor can be rated higher for in- 
termittent service than for continuous 
service; conversely, a motor rated for 
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intermittent service must not be used 
at the same rating for continuous 
service. In any service a motor can 
nearly always deliver more than its 
standard continuous rated output for 
short periods only, with intervening 
periods of rest. This fact is often 
overlooked and motors larger than 
necessary are accordingly selected. 


J. K. WITHERSPOON. 
Electrical Engineer, 
Railway Steel Spring Co., 
Latrobe, Pa. 


Electrically Heated Oven Used 
for Tempering Springs 

N ELECTRIC oven is being used by 

the Royal Blue Spring Co., of 
Cincinnati, Ohio, very successfully in 
the tempering of bed springs. Temper- 
ing is a very important process in the 
manufacture of these springs; for good 
results temperature control must be 
close and heat distribution uniform. 


This electrically-heated oven can 
handle a charge of 1,800 lb. of bed 
springs, which are packed in steel 
baskets for tempering. 


The spiral springs are rolled into 
shape by machines which were es- 
pecially designed for this purpose, and 
packed in steel baskets. These baskets 
are loaded on trucks and placed in the 
electric oven to be tempered, as shown 
in the illustration. 

This oven, which was built in the 
plant of the Royal Blue Spring Co., is 
10 ft. long by 6 ft. wide by 6 ft. high. 
Type C, Westinghouse heaters, of a 
total capacity of 60 kw. are arranged 
along the oven sides. One of the fea- 
tures of this oven is that it can be 
loaded to capacity without injuring the 
quality of the work. This was not the 
case when other methods of heating 
the oven were employed, as the oven 
temperature was not always uniform. 
The maximum load of this oven is 
about 1,800 Ib. of spiral springs. 

Losses from radiation are prevented 
by 4 in. of insulation on all sides of 
the oven. When operating at 275 deg. 
F. the oven exterior is cold and at 475 
deg. F. it is only moderately warm on 
the outer surface. The amount of heat 
radiated is so small that it does not in- 
convenience the workmen in any way. 

Starting the oven when cold and at 
full load, the operating temperature of 
475 deg. F. is reached in about 2 hr.; 
when empty this time is cut down to 
approximately 1% hr. 
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Regulating Equipment 
Prevents Load From Exceeding 
Maximum Demand 


yaar! and interesting installation 
of load regulating and transfer 
equipment was recently made by Rock- 
wood & Company, cocoa and chocolate 
manufacturers in Brooklyn, N. Y. This 
company purchases most of its power 
in the form of alternating current from 
the Brooklyn Edison Company on a 
maximum demand basis, and the object 
of installing the new equipment is to 
maintain the load on the power lines 
as near to the agreed maximum demand 
as possible. 

A large proportion of the plant load 
is alternating current, but there is also 
a large number of direct-current mo- 
tors and other apparatus. Power for 
the a.c. load is supplied directly from 
the incoming power lines through 


. transformers, but power for the d.c. 


load is supplied by two generators, 
operated in parallel, on the premises. 
One, a 200-kw. generator, is driven by 
a Corliss engine which also drives a 
mechanical load, and the other, a 300- 
kw. machine, is driven by an alternat- 
ing-current motor. 

As the a.c. load shifts rapidly, it was 
previously quite difficult to hold the 
maximum demand within the necessary 
limits. With the present regulating 
equipment, the proper load demand on 
the incoming a.c. lines is maintained by 
automatically transferring the excess 
load to the 200-kw. engine-driven gen- 
erator or vice versa. 

When the two d.c. machines are first 
started and the load begins to come on, 
the current divides between them in 
proportion to their respective capaci- 
ties. As soon as the load on the 200- 
kw., engine-driven generator reaches 
approximately 25 kw. any load above 
that point is diverted to the 300-kw. 
motor-generator set until the maximum 
alternating-current demand has been 
reached. 

With this generator fully loaded, 
any additional load is diverted back to 
the 200-kw. machine until both are 
operating at maximum load, when a 
gong rings, indicating that part of the 
load must be taken off. If the maximum 
a.c. demand point is reached before the 
300-kw. generator is fully loaded, the 
excess d.c. load will be automatically 
transferred to the 200-kw. engine- 
driven generator. 

The engine which drives the 200-kw. 
generator is running at all times, driv- 
ing its mechanical load, its generator 
either running light or carrying that 
portion of the d.c. load necessary to 
maintain the load balance. 

The load regulating equipment was 
designed and built by the Genera] Elec- 
tric Company in co-operation with the 
engineers of the Brooklyn Edison Com- 
pany and the Rockwood & Company. It 
consists of a contact-making wattmeter, 
which is directly responsible for the 
master control of the system, and 
various relays and contactors for shift- 
ing the load, protecting the equipment, 
ringing the gong, and the like. Push 
buttons and switches provide for hand 
control of the system when necessity 
demands its use. 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Comment on Operating Speed of 
Roller Chains 


N PAGE 87 in.the “Question and 

Answer Department” of the Feb- 
ruary, 1926, issue of INDUSTRIAL ENGI- 
NEER, A. B. Wray, Morse Chain Co., 
Ithaca, N. Y., expresses his opinion 
that 1,800 r.p.m. is too great a speed 
for the use of a roller chain. 

Without desiring to enter into any 
controversy concerning the respective 
merits of the silent and roller types of 
chain, each of which has its field of 
application, it is unquestionably true 
that these fields overlap, and that the 
transmission of power at speeds of 
1,800 r.p.m. is within the capacity of 
both types. 

Our roller chains are recognized as 
being suitable for speeds, not only of 
1,800 r.p.m. but considerably higher, 
as both single and multiple strand 
chains, have been used in such service 
for years, and new applications are 
being made regularly. 

W. A. WARRICK. 
Mechanical Engineer, 


Diamond Chain & Mfg. Co., 
Indianapolis, Ind. 
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Supporting Lineshafts in 
Mill-Type Building on Standard 
Angle-Iron Groundwork 


HERE the buildings of an in- 

dustrial plant are of a uniform 
type many economies result from the 
establishment of a standard form of 
construction and installation of line- 
shafts. Two of the main advantages 
are that the men know exactly how the 
work is to be done and so can go ahead 
with less supervision; also when it is 
necessary to make a change in the loca- 
tion of a shaft practically all the ma- 
terial is re-usable without additional 
fabrication. 

The standardized groundwork used 
by the Master Mechanic in one large 
industrial plant is shown in the ac- 
companying sketch. As may be seen 
from the drawing, this consists prac- 
tically altogether of standard angle 
irons which are laid in pairs to take 
the feet of the hangers. These foot- 
ings are supported on other angles 
which are bent so that they may be 
fastened to the beam construction by 
lagscrews. To give the rails or foot- 
ings additional support a few long lag- 
screws extend from between the rails 


This form of standardized con- 
struction of groundwork for sup- 
porting lineshafting in mill-type 
buildings is used in one large in- 
dustrial plant. 


to the ceiling beams, as shown. These 
extra lagscrews are placed near a 
hanger and on the opposite side from 
the angle-iron cross-piece supporting 
the rails. 

This Master Mechanic, also, has the 
feet of the hangers planed to give them 
a more firm and true footing against 
the angle-iron rails. 


Operating Economies 
Which Resulted from Installing 
Ball-Bearing Lineshafts 


I 1913 our manufacturing load had 
become so great that our power 
plant was inadequate to handle it. 
Something had to be done and we de- 
cided to cut down the amount of power 
that was being wasted in overcoming 
lineshaft bearing friction. Ball-bear- 
ing hangers and pillow blocks were 
first installed on the lines where the 
friction load was considered to be 
greatest; namely, shafts carrying 
heavy loads with the belts all pulling 
in one direction. Other shafts were 
equipped later. These hangers were of 
the SKF type, which are now used 
almost exclusively in our plant. 

The shafts driving the punch presses, 
grinders, emery wheels, and grind- 
stones also run in SKF hangers and 
pillow blocks. Similar bearings are 
used in the fans and blowers and in 
the emery wheel stands. The sizes of 
the shafts vary from 4 in. down to 
11 in. in diameter and the operating 
speeds vary from 12,000 r. p.m. for the 
emery wheels to 200 r. p. m. for the line- 
shafts. 

A large saving in power has been 
attributed to the decrease in friction 
losses which have been obtained 
through the use of these bearings. One 
section of the plant which is supplied 


by our direct-current generator re- 
quired between 1,600 and 1,800 amp. 
at 130 volts before the new bearings 
were installed. With the same load 
the current is now 1,200 to 1,300 amp. 
This has given a minimum reduction 
of 400 amp. or 25 per cent of the 
original load. The average power saved 
per day is 468 kw.-hr., which in a 
year’s time, at $0.02 per kw.-hr., is 
worth $2,808. As this section of the 
plant takes about one-third of the total 
amount of power used, the saving from 
the use of ball bearings in the entire 
plant would be approximately $8,424 
per year. The power economy alone at 
this rate would pay for the complete 
installation in less than two years. 

The old plain bearings often burned 
out in the grinding room and other 
places where the service was especially 
severe, but the new bearings have 
given us practically no trouble and have 
stood up excellently on the hardest jobs. 
Our polishing machines provide a good 
test of a bearing. The old bearings 
lasted about three or four months, but 
the new bearings installed in these 
machines have been in use for several 
years. Formerly the bearings of one 
of our fans had to be rebabbitted at 
least every six months. The new bear- 
ings have operated three years and 
have not caused any trouble, even 
though the fan operates in a dirty 
location. 

The oiler greases each bearing every 
90 days although once in six months 
would probably be sufficient. Once a 
year the bearings are cleaned and re- 
packed with grease. The old plain 
bearings were oiled every day. The 
cost of lubricating oil used was con- 
siderably more than the present cost 
of the grease. W. A. ATKINS. 


General Superintendent, 
A. C. Atkins O., 
Indianapolis. Ind. 
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Using Chart to Determine 
Horsepower Loss from Friction 
in a Bearing 

HE principal function of the ac- 

companying chart is to speed up 
computations on bearings and their 
friction losses. The ease with which 
these computations can be made with 
this chart should increase the use of 
actual figures in bearing design and 
operation, instead of the rough esti- 
mates or guesses, that are frequently 
employed. 

To use this chart, it is necessary to 
lay a straight-edge across it three 
times, as indicated by the dotted lines. 
It will give the horsepower consumed 
by any bearing with co-efficients of 
friction varying from 0.0006 to 0.6, 
with shaft diameters from 0.1 to 10 in., 
at speeds from 100 to 10,000 r.p.m., 
and with a load on the bearing varying 
from 10 to 10,000 Ib. 

For example, assume that in a par- 
ticular bearing the co-efficient of fric- 
tion is 0.02 (column A) which is aver- 
age practice for plain bearings, the 
shaft diameter is 2 in. (column C), the 
speed is 2,000 r.p.m. (column E), and 
a 400-lb. load is carried by the bearing 
(column G). Column D gives the fric- 


0.0006 Dest conditions 
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tion loss as a little over 0.25 hp. To 
get this result connect with a straight- 
edge the known value in column A with 
that in column C and locate the inter- 
section with column B. In the same 
way connect columns E and G and 
locate the intersection with column F. 
Then connect the intersections (columns 
B and F), and the intersection with 
column D will give the friction horse- 
power loss of the bearing. 

The notations alongside column A 
indicate the co-efficients of friction met 
with in everyday practice, beginning 
with the very best conditions of plain 
bearings and ending with starting fric- 
tion. Co-efficients of friction under the 
many possible conditions may be ob- 
tained from text-books, such as 
Alford’s “Bearings” and in such hand- 
books as “Kent” and Mark’s new “Me- 
chanical Engineer’s Handbook.” Only 
the safe values of approved practice 
are designated on the chart. As will 
be noted, a co-efficient of 0.002 is used 
for ball bearings and 0.003 for roller 


With the factors which affect fric- 
tion, known or estimated from 
practice, the horsepower loss in any 
bearing can be easily determined 
by using this chart. 
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bearings. All the other co-efficients 
(column A) relate only to the plain 
bearings. 

The chart can, of course, be used 
backward as well as forward. For ex- 
ample, if the power absorbed by a 
given bearing is known and the values 
in columns C, E and G are known, the 
co-efficient of friction may quickly be 
determined. Then, knowing the co- 
efficient of friction with a given oil and 
in a given bearing, the power required 
by a similar bearing of different diam- 
eter, speed and loading may be found 
with an accuracy sufficient for most 
practice. W. F. SCHAPHORST. 


Mechanical Engineer. 
Newark, N. J. 


Method of 
Welding Up Steel Post Bracket 


for Pillow Block 


HEN it is necessary to support 
lineshafting from wood or steel 
columns and cast-iron brackets are not 
available, a very solid and effective 
bracket can be made out of a piece of 
heavy channel iron and several pieces 
of steel plate. A method of doing this 
is shown in the accompanying sketch. 
The piece of channel must be wide 
enough to carry the size of pillow 
block on the inside or web of the 
channel and at least 2 or 3 in. longer 
than the block. 

The bracket is made by welding two 
triangular pieces of %-in. steel plate 
to the bottom of the channel and also 
to a piece of %-in. plate of rectangular 
shape which is attached by bolts or 
lagscrews to the column, as is shown 
in the accompanying sketch. The front 
of the channel has a piece of lighter 
gage plate welded across it, which 
forms, with the sides of the channel 
and the back plate, a reservoir to retain 
any oil which leaks out of the bearing. 
Holes are cut in the web of the chan- 
nel, so that the pillow block may be 
bolted down. Surplus oil is removed 
through a drain which consists of a 
short nipple with a pipe cap. The 
nipple can be welded on or a hole bored 
through the web and tapped. 
Hollywood. Calif. M. C. CocKSHOTT. 


These post brackets for pillow 
blocks were made up from a piece 
of channel and three steel plates 
welded together. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 


Special attention is 


given to shop 


or bench tools and short cuts or tmproved 


methods of handling work of this character. Contribution are always welcome. 


How to Connect Motor for Use 
on 220 or 440 Volts 


N PLANTS where 220 and 440 volts 

are used, spare motors might have to 
be cut over in a hurry from one voltage 
to the other and a great deal of time 
lost by reconnecting. There is also the 
possibility of rented motors or portable 
sets having to be reconnected to suit 
the voltage. 

The winding of a three-phase, four- 
pole motor can be arranged for quickly 
changing the connection from single 
star to two-parallel star or vice versa, 
by bringing out nine leads and connect- 
ing them to a three-pole, double-throw, 
knife-switch, as shown in the diagram. 


For a four-pole motor, nine leads 
are brought out from the stator 
winding and connected as shown. 


By throwing the three-pole reversing 


switch to the left a 440-volt, single- 
star connection is obtained. en 
leads 1, 3 and 5 are short-circuited 
and the reversing switch is thrown 
to the right, a 220-volt, two-parallel 
star connection is made. 


By throwing the switch to the left, a 
single-star connection is formed, for 
use on 440 volts. With the switch 
thrown to the right, the winding is 
connected two-parallel-star for 220 
volts. When the switch is in this posi- 
tion, terminals 1, 8 and 5 must be 
shorted by a double-pole, single-throw 
switch to form the other star point. 

This method can be applied to either 
a four- or six-pole winding. When con- 
nected for six poles, the groups must 
be laid out and numbered in the same 
way as for four poles, only there will 
be 18 groups instead of 12, as in a 
four-pole connection. Consequently there 
will be more jumpers, but there will be 
12 leads from 12 consecutive groups; 
the first six will be starting leads and 
the last six will be finishing leads. It 
makes no difference which leads you 


count as the same connection is ob- 
tained. Out of 12 leads, Nos. 8, 10 
and 12 form the star, and should be 
connected inside of the motor. This is 
done also in the four-pole connection 


in the diagram. 
Los Angeles, Calif. HENRY KAELIN. 


Comment on 
“One Man Should Be Respon- 
sible for Plant Operation” 


READ with much interest, “One 

Man Should Be Responsible for Plant 
Operation,” on the editorial page of the 
November, 1925, issue of INDUSTRIAL 
ENGINEER. In my opinion, based on 
experience in the electrical and mechan- 
ical departments, the direct result of 
having one head for the two depart- 
ments will accomplish one very essen. 
tial condition necessary for successful 
maintenance: that is, “team work.” 

As a preliminary step, I believe the 
men selected as foremen of the mechan- 
ical and electrical departments should 
be both willing and capable of being 
trained in each of these branches. This 
will result in better and faster work 
as each one will know what the other 
fellow is up against. Then again, it 


- puts these men in a competitive position 


to fill the maintenance engineer’s job 
should that become vacant. I might add 
that the Master Mechanic or Mainte- 
nance Engineer is usually a mechanical- 
electrical man having charge of both 
departments. 

The following repair job which came 
in a few days ago will illustrate the 
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result of team work at this plant. One 
morning recently a steamer with 4,000 
tons of coal came in to be unloaded, and 
shortly before she docked the shaft of 
the 40-hp. induction- motor operating 
the conveyor belt broke at the inside 
end of the bearing, allowing the rotor 
to drop and damage several rotor cells. 
This happened about 9:30 a. m.; at 11 
a. m. the motor came into the shop and 
an emergency requisition was made out 
for shaft stock, which arrived at noon. 
Meanwhile the rotor was taken out and 
upon test was found to be grounded. 
As no press was available the puller, 
shown in A of the accompanying dia- 
gram, was rigged up. Both core and 
rings were very tight on the shaft and 
required two men with 3-ft. extensions 
on the wrenches to draw them off. 
Roughing out the shaft commenced at 
12:30 p. m. By 8 o’clock the rings were 
off, and the core was removed at 6:30 
p.m. Meanwhile the bearings had been 
poured and were being bored out. 
The electric shop had the core at 
6:45 p. m. and upon testing it found 
that the trouble was confined to one 
phase. As there were four coils per 
phase per pole, we disconnected the 
four coils at one spot on the back end 
and after testing again, disconnected 
two more further on. More tests 
showed the trouble to be between the 


Teamwork and ingenuity were the 
deciding factors in speeding up this 
emergency motor repair. 

A is a puller that was rigged up to 
remove the rotor shaft. B shows the 
amount of work which was neces- 
sary on the rotor shaft that was 
turned out in about 15 hr. 


h of Pipe 
to Keep Fuller Amy 
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disconnected places and after removing 
the connectors of these coils at the 
front end, the trouble showed up in 
two slots only. The bands were re- 
moved and enough connectors were 
taken off to remove the defective coils. 
New coils which we had on hand from 
a previous job were inserted and tested 
out with a Megger. 

A little rivalry developed between 
the two departments as to which one 
would be ready first. The machine shop 
won by 1% hr., having finished turning 
the shaft at 2 a.m. and cutting the 
three keyways at 4:00 a. m. the fol- 
lowing morning. The electric shop fin- 
ished at 5:30 a. m., except for the con- 
nections to the star ring and banding, 
which had to be done after assembling. 
Diagram B shows the amount of work 
done on the shaft, the material of which 
was 3% in. in diameter. Assembling 
was finished at 8:30 a. m. and the same 
rigging which was used to pull the core 
off the shaft aided again in the work. 
At 8:45 a. m. the star ring was being 
soldered and the connectors straight- 
ened up, after which a thorough exam- 
ination for solder bits between coil ends 
was made. The core was banded and 
completed at 11:15 a. m. and at 12:30 
p. m. the motor was completely assem- 
bled and left the shop. The motor had 
to be transported about % mile and 
hoisted up 45 ft. to its position on the 
bridge. It was in operation at 3:00 
p. m. of the same day, being out of 
service just 29% hr. If a press had 
been available for removing the rotor 
shaft, considerable labor would have 
been saved and the total time out of 
service reduced 1% hr., as the electrical 
department could not commence work 
until 6:45 p. m. of the previous after- 


noon. CHESTER A. WILLIAMS. 
Electrical Dept., 

Providence Gas Co., 

Providence, R. I. 


Making the Slide Rule Add and 
Subtract Percentages 


A ordinary slide rule can in a 
few minutes be adapted to add 
‘and subtract certain fixed percentages, 
by the simple method described here. 
The adding and subtracting feature 
consists of a small arrowhead placed 
on the underside of the glass slider 
and permits the addition or subtraction 
of percentages up to about 25 per cent 
on the A and B scales, and about half 
that amount on the C and D scales. 
Placing the arrowhead as shown in the 
accompanying illustration does not 
interfere with the operation of the 
slide rule when using it for other work. 
It is essential, however, that it be made 
and located carefully or it will be of 
doubtful value. 

For example, in reading the C and D 
scales as noted on the slide rule illus- 
trated, the arrow to the left of the 
hairline points to 2.85 on the D scale, 
or 95 per cent of (1.5 K 2), which is a 
subtraction of 5 per cent. To locate 
the arrow for this per cent subtraction, 
place the hairline on 1.05 on the D 
scale and the arrow at 1, which then 
really represents 95 per cent. The 
arrow at the right of the hairline indi- 
cates 3.15 or addition and would be 
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located by placing the hairline on 1 and 
placing the arrow at 1.05 on the D 
scale. By simply moving the slider 
glass to any value desired on the D 
scale, the fixed ratio of 5 per cent addi- 
tion or subtraction may be read. The 
same procedure is used for locating the 
arrow for any other percentage or when 
using scales A and B. 

For example, to locate the arrow for 
15 per cent addition on the A scale, 
the hairline would be placed on 1 and 
the arrow located at 1.15. 

An arrow cut from a piece of black 
carbon paper will answer the purpose 
very satisfactorily. Supposing it was 
desired to add 10 per cent on the C and 
D scales. The arrow should first be 
moistened on the back or plain side of 
the carbon paper and stuck on the D 
scale, being adjusted with a pin at 1.1, 
so that the point just touches the 
smallest graduations. The glass, from 
which the bottom or spring runner has 
first been removed, should be touched 


with library paste at the place where 


the arrow will come. Next, the glass 
should be moved, with the top runner 
firmly pressed against the rule, to a 
position where the hairline will coincide 
exactly with 1, and then gently pressed 
down upon the arrow, which will ad- 
here to the bottom side of the glass. 
It should be left to set for perhaps a 
minute, and then removed and allowed 
to dry. When dry, the superfluous 
paste should be carefully trimmed from 
around the arrow, and a small drop of 
white shellac applied over and around 
the edges of the latter. When the 
shellac hardens it may be carefully 
trimmed with a sharp knife, so as to 
leave a protecting coat around the edge 
of the carbon paper. By making the 
arrow in this way it will be found to 
last indefinitely and will stand any 
rubbing necessary to clean the glass. 
At the same time, it can be quickly re- 
moved when one desires to change the 
percentage reading. 

A slide rule altered in this manner 
is very useful, for instance in estimat- 
ing, where a certain fixed percentage 
of profit must always be added to 
figures obtained, or in adding overhead 
to cost figures. In the case of slide 
rules which have a sufficiently wide 
glass, an arrow may be placed to 
eliminate one operation in reading the 
area scale. A 15 per cent arrow will 


By placing small arrows at the 
proper points on the slide rule 
glass, a fixed percentage may be 
added or subtracted at each read- 
mg. 


0 
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also serve to show, for instance, the 
width across points of hexagon stock 
where the width across flats is given. 
It will be easy to find a good many 
applications for this scheme, including 
some where a given percentage also has 
two or more useful meanings. 

Santa Ana, Cal. HENRY SIMON. 


Changing the Frequency of an 
Induction Motor 


FTENTIMES it is very desirable 

to change a 25-cycle motor to a 
frequency of 60 cycles. The latter fre- 
quency is found more desirable for 
ordinary purposes when overload is not 
encountered to any great extent. The 
question of how to make such a change 
is frequently raised, and this article 
will show the procedure in a particular 
case. 

In order to change a 25-cycle, 440- 
volt, 750-r.p.m. squirrel cage induction 
motor over to 60 cycles at the same 
speed and voltage, it is necessary to 
rewind the motor. The reason for this 
is, that a 25-cycle motor operating at 
750 r.p.m. has four poles, while a 60- 
cycle motor requires ten poles to give 
the same speed. If the coil pitch of 
the four-pole, 25-cycle winding is be- 
tween 50 and 70 per cent and the wind- 
ing is reconnected for eight consequent 
poles, that is, four north-pole groups, 
the motor will operate under the same 
conditions as would a 538-volt motor on 
a 440-volt line, or 20 per cent under- 
voltage. A number of coils equal to 
10 per cent of the total should be cut 
out, which would reduce the full-load 
rating at least 15 per cent. 

In following the above procedure, 
the resistance of both the end rings 
on the motor will have to be increased 
to help provide sufficient torque with- 
out pulling excessive current at start- 
ing. The end resistance may be in- 
creased as follows: where the construc- 
tion and type of the rotor permit 
place it in a lathe and turn it down. 
This is a cut-and-try procedure, as any- 
where from 20 to 50 per cent reduction 
in ring area may be required. A second 
method is to put saw cuts in the rings 
between each bar of both end rings. 

For slip-ring motors. or wound-rotor 
types, the rotor winding must be 
changed whenever a change is made in 
the number of poles in the stator wind- 
ing. Additional information on chang- 
ing the frequency of induction motors 
can be found on page 187 of the April, 
1924, issue of INDUSTRIAL ENGINEER. 


A. C. ROE. 


Wilkinsburg, Pa. 
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Practical Books 


for your personal library 


Every man who aspires tò larger responsibilities should build 
up a professional library containing carefully selected volumes 
on subjects related to his work. Copies of the books which are 
reviewed here may be obtained from the publishers mentioned. 


Electrical Engineering—By Clarence V. 
Christie, Consulting Engineer and 
Associate Professor of Electrical 
Engineering, McGill University, Mon- 
treal, Can. Published by McGraw- 
Hill Book Co., Inc., 370 Seventh Ave., 
New York, N. Y., third edition, 605 
pages, illustrated. Price $5. 


In the preparation of this third edi- 
tion considerable new material was 
added to bring the volume up to date 
in addition to making a thorough re- 
vision of the second edition. This book 
was written for use as a textbook and 


considerable attention is given to the 


theory of the problems involved. Many 
of the fundamentals of design of va- 
rious Epes of electrical equipment are 
discussed. 


ER X X 2 


Elements of Alternating Current and 
Alternating- Current Apparatus —By 
J. L. Beaver, Assistant Professor of 
Electrical Engineering, Lehigh Uni- 
versity. Published by Longmans, 
Green & Co., 55 Fifth Ave., New York 
City, 363 pages, illustrated. Price $4. 


This book has been prepared for be- 
ginners, either electrical or non-elec- 
trical students, in the study of alter- 
nating currents. The first eight 
chapters deal with the principles of al- 
ternating current in a very elementary 
way. The vector method of treatment 
is used as much as possible throughout 
the text. The last five chapters are 
devoted to the study of the more com- 
mon types of alternating-current appa- 
ratus, begjnning with the transformer. 
Special questions, which bring out the 
important details of the text, and prob- 
lems (mostly with answers) are a part 
of each chapter. 


RR X k * 


Industrial Electricity, Part II — By 
Chester L. Dawes, Assistant Profes- 
sor of Electrical Engineering, The 
Harvard Engineering School, pub- 
lished by McGraw-Hill Book Co., Inc., 
370 Seventh Ave., New York, N. Y., 
472 pages, illustrated. Price $2.75. 


This volume discusses alternating- 
current circuits and equipment and is 
thus a continuation of Part I, which 
was devoted almost entirely to direct- 
current circuits and direct-current ma- 
chinery. The first chapters of this 
volume are devoted to the fundamental 
principles and the simple laws govern- 
ing alternating currents and alternat- 
ing-current circuits. However, only the 
simplest mathematics are used. Con- 
siderable emphasis is placed on the ef- 
fect of inductance, capacitance, and 
frequency in the flow of alternating 
current. 


A chapter is devoted to the construc- 
tion and uses of the ordinary alternat- 
ing-current instruments. The relations 
existing between current and voltage 
in polyphase systems are pointed out. 
Likewise the construction and operating 
characteristics of alternators, polyphase 


induction motors, single-phase motors, 
synchronous motors, and converters are 
explained and briefly analyzed. The 
relations between the characteristics of 
these types of power machinery and 
their jindusteial applications are also 
discussed to a considerable extent. The 
last three chapters are devoted to 
general industrial applications of elec- 
tricity, including the methods and 
general rules which should be followed 
in the installation of wiring. 


* * + * 


Processes of Flour Manufacture By 
P. A. Amos. Third Edition, pub- 
lished by Longmans, Green & Co., 55 
Fifth Ave., New York, N. Y., 299 
pages, illustrated. Price $3. 


This volume is one of the technical 
handicraft series. The author in the 
additions to and revision of previous 
editions has endeavored to include all 
the latest and most important develop- 
ments of the flour milling industry, 
both in machinery and manufacture. In 
addition to a thorough discussion of 
wheat and flour, together with the 
methods of cleaning, handling and 
milling, several pages are devoted to 
such subjects as: power and power 
transmission, fire risks and safeguards, 
mill lighting, capacities and speeds of 
machines, and other general data. An 
interesting feature of this booklet is 
that practically all the operations and 
machinery are shown by diagrams and 
cross-sections of the equipment. 
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The Induction Motor By Herbert Vick- 
ers, Professor of Electrical Engineer- 
ing and Head of Department of Me- 
chanical Engineering, University of 
British Columbia. Published by Isaac 
Pitman & Sons, 2 W. Forty-fifth St., 
New York City. 319 pages, illus- 
trated. Price $6. 


This book discusses the theory, design 
and practical application of the induc- 
tion motor and has been prepared espe- 
cially for designers, consultants and 
students. It goes, therefore, very deep- 
ly into the theoretical discussion of 
these subjects. An attempt has been 
made to deal with the latest develop- 
ments in speed and power factor con- 
trol, and to incorporate most of the 
theory connected with the motor and 
its application. 
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Practical Radio—By James A. Moyer 
and John F. Wostrel. Published by 
McGraw-Hill Book Co., Inc., 370 
Seventh Ave., New York City, second 
1 90 266 pages, illustrated. Price 


This second edition has been made 
necessary by the changes and remark- 
able development of radio equipment. 
Two of the important additions are 
the radio trouble chart and a chart 
which shows the important character- 
istics of various radio receiving sets. 
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Power-Factor Wastes—By Charles R. 
Underhill, Consulting Engineer. Pub- 
lished by McGraw-Hill Book Co., Inc., 
370 Seventh Ave., New York City, 
296 pages, illustrated. Price $3.50. 


One object of this book is to acquaint 
those directly responsible for the large 
proportion of pow er factor wastes, and 
who pay the bills therefor, with how 
much these wastes cost, as reflected in 
actual savings, with a discussion of 
their causes and cures. The aim is to 
present as many sides of the question 
as practicable, with a thorough discus- 
sion, which reflects the opinion of a 
number of authorities. 

The subject of power factor and its 
correction is discussed from the power 
user’s standpoint, with details as to 
how the user can correct power factor 
and the advantages which will result. 

The manner in which the subject is 
treated is shown by the chapter head- 
Ings, which are as follows: Introduc- 
tory; power factors, wires, and volt- 
ages; importance of keeping motors 
loaded; analyses of power bills; trans- 
mission, distribution, and rates; sym- 
posium of the power factor situation; 
fundamental principles of the power 
factor and its correction; some charac- 
istics of induction motors; correction 
of the power factors of induction mo- 
tors; the plant distribution system; syn- 
chronous machinery in power-factor 
correction; static condensers; correction 
of the induction motor with static con- 
densers; capacitors; power-factor cor- 
rection with Fynn-Weichsel motors; 
Improving the power factor with the 
electric furnace; location of power-fac- 
tor-corrective apparatus; status of 
power-factor corrections; statistical 
data; general and summary. 


+ % k & 


Signal Wiring—By Terrell Croft, Con- 
sulting Engineer. Published by Mc- 
Graw-Hill Book Co., Inc., 370 Seventh 
Ave., New York City, 338 pages, il- 
lustrated. Price $3. ‘ 

This book has been prepared from the 
standpoint of the man who is to install 
the signal wiring and so is written 
largely from the standpoint of the con- 
siderations involved in laying out the 
circuits; no attempt has been made to 
discuss the design or manufacture of 
the devices themselves. Because the in- 
formation which is ordinarily desired 
relates to the connection of the appa- 
ratus and the layout of the circuits, 
this book contains over 460 circuit dia- 
grams which illustrate the various 
points brought out. 

The different types of signal systems 
which are discussed and diagrammed 
are well indicated by the following 
chapter headings: Bells and annunci- 
ators; burglar alarms; hospital and 
hotel signals; time- and program-clock 
circuits; auto-call signaling circuits; 
telephone circuits; fire alarm circuits; 
watchman and police call circuits; 
power station signaling; water flow 
and pressure alarms; elevator signal- 
ing; mine signals; railroad signaling; 
miscellaneous signaling circuits; bat- 


teries, transformers and signaling 
devices. The sixteenth and last chap- 
ter, on “Signal Wiring Methods,” 


gives the National Electrical Code re- 
quirements and in addition, discusses 
conductors and cables, their supporting 
and installation, lightning and excess- 
current protection, batteries, motor-gen- 
erators and low-voltage transformers 
and other equipment used in installa- 
tions of this character. 
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New Equipment 


for plant operation and maintenance 


Portable Electric Drills 


WO -in. portable electric drills 

have been brought out by the 
United States Electrical Tool Co., Cin- 
cinnati, Ohio. These are a %-in. 
heavy-duty model, and a -in. special 
drill, which is shown below. The former 
is of heavier construction to stand up 
under more severe requirements. The 
latter is for general, all-purpose work. 


Both tools have a spade handle which 
can be removed by loosening either of 
two screws so that the drill can be 
secured to the adjusting screw of an 
“old man.” 

The motors are designed to operate 
the drills at 450 r.p.m., full-load speed. 
Three SK F ball bearings are used in 
these drills. A ball-thrust washer is 
placed behind the drill chuck. The 
motors are controlled through a trigger 
switch which has an “on and off” indi- 
cator; the “off” position is indicated 
when the arrow is crosswise to the line. 
Ventilation is provided for the uni- 
versal motors which are designed to 
operate on direct or alternating current 
of 60 cycles or less. 


Portable Motor-Driven Saw 


NNOUNCEMENT is made that the 

Crowe Mfg. Corp., 139 E. Third 
St., Cincinnati, Ohio, has placed on the 
market a portable motor-driven circu- 
lar wood saw. This saw has a guard 
so arranged that it is impossible for 
the workman to remove the saw from 


the board without the guard covering 
it and locking itself so that it cannot 
be removed until it is again on the 
board in a position for sawing. A 
trigger switch is so arranged that it 
must be held in contact to keep the saw 
running. This saw is made in three 
sizes that will handle practically any 
timber used in building. Universal 
motors are supplied for 110- or 220- 
volt service, which permits connection 
to any socket. 


Portable Vacuum Cleaner 


N entirely new design of semi- 
heavy-duty, portable vacuum 
cleaner with dust-blower attachment 
has been placed on the market by the 
Allen & Billmyre Co., Inc., Grand Cen- 
tral Palace, New York City. This ma- 
chine is used for light dust removal 
work in factories of various kinds and 
the dust-blowing attachment should 
make it a valuable acquisition for any 
plant using electrical apparatus. 
This machine, as shown in the ac- 
companying illustration, is equipped 


with a %-hp. Universal Westinghouse 
motor; it weighs 105 lb., and is very 
compact and ruggedly built. A ma- 
chine for this type of work can be class- 
ified as coming between the small house- 
hold vacuum cleaner and the heavy- 
duty portable and stationary cleaners. 


Machine for Winding Springs 

Cc springs for replacement may 

be made by the Rapid Spring 
Winder, which is a portable device to 
be clamped on a bench and operated by 
a crank. This device is announced by 
the Fostoria Screw Co., Fostoria, Ohio. 
It is possible, according to the manu- 
facturer, for any one to make coil 
springs in any ordinary size, any 
length, and in either right- or left-hand 
lead or twist as desired. 

The size of the spring is determined 
by the size of the mandrel used, while 
the pitch or lead of the spring is de- 
termined by the position of the little 
cam. This can be set in any position 
to produce a spring of any desired pitch. 
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Lever-Operated Master Switch 


EVER-OPERATED master 
switches for steel mill service or 
other work where strength and durabil- 
ity are important factors are announced 
by the General 
Electric Co., Sche- 
nectady, N. Y. 
The new switch 
is particularly 
suitable for 
grouping and for 
operation by one 
man. It has been 
assigned the 
designation 
C-3003 in the CR- 
3012 series of control equipment. The 
C-3003 master switch is flat and semi- 
circular in general shape and consists 
of a cast-iron frame and cover which 
totally enclose the contact mechanism. 
This design permits convenient group- 
ing within easy reach of one operator. 
The handle is of the vertical type, 
operating through a radius of 40 deg. 
on a one-point switch and through a 
100-deg. total radius on the three-point 
switch. Operation from one position to 
another is very free, it is said, as 
are no gears or other friction surfaces 
other than the bearings and contact 
fingers. The handle is held in the “off” 
position by a spring roller device. This 
switch is made in several forms, the 
C3003-B shown above being standard. 


Narrow-Center Hanger Bearing 


INESHAFT roller hanger bearings 

with a narrow center, which are 
designed for an exact size-for-size re- 
placement box, have been announced by 
the Hyatt Roller Bearing Co., Newark, 
N. J. This bearing box is completely 
split for easy installation and fits any 
type of hanger. The distinctive, heli- 
cally-wound rollers are retained. The 
box is of dumb-bell shape, as-shown in 
the accompanying illustration, with 
twin split-roller assemblies mounted at 
each end. The center section, which is 
free from bearing surface, is narrowed 
down to average plain-bearing dimen- 
sions to fit hangers with narrow frame 
openings. 

The box is built in two sections, the 
lower part forming two-thirds, and the 
top, one-third. This brings the ma- 
chined joint well above the oil level 
and prevents oil leakage. Tightening 
four bolts, seals the sections around a 
shaft. Bosses are staggered so that 
the top cannot be improperly fitted. A 
small wrench is the only installation 
tool used. 

The Hyatt Co. reports that one filling 
of lubricant every three or four months 
is the only attention this new bearing 
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requires. Grit and other substances 
that tend to break down the oil film 
are drawn away from the bearing sur- 
face through the slots in the hollow 
rollers. 

Manufacture at present is confined to 
five sizes, 1% in., 1ł in., 2% in., 2% 
in., and 21 in., for which the demand 
has been greatest. For use with larger 
sizes of hangers requiring bearings up 
to 418 in., the old line of U. G. and 
B. & S. type Hyatt bearings are being 
continued. 


Interchangeable Soft-Tip 
Hammer 


ATENT and manufacturing rights 

to the interchangeable soft-tip ham- 
mer illustrated have been acquired by 
the Husky Wrench Co., 928 Sixteenth 
Ave., Milwaukee, Wis. The hammer is 
made in 2- and 4-lb. sizes. 


Hammers are supplied with inter- 
changeable soft tips of copper, lead, 
rubber or other material as desired. 
They are marketed in sets with two of 
each kind of tip. The tips can be re- 
placed after loosening the filister-head 
screw and separating the housings. 


Maintenance and Production 
Control System 


NNOUNCEMENT is made by The 
Temporator Co., 548 Orleans St., 
Chicago, III., of the development of an 
electric signaling system for the control 
of production and operation, including 
maintenance, in industrial plants. This 
system consists of a central switch- 
board, one or more so-called service 
stations, and a number of dialing sta- 
tions, similar to the dial on an auto- 
matic telephone, installed at the ma- 
chines and in other locations in the 
plant. The central switchboard and a 
service station are shown in the illus- 
tration below. 
The operation of the system is as 
follows: Through a scheme of code 
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numbers the machine operator dials all 
desired information, such as the time 
of starting a job, notification that stock 
or raw material is getting low, re- 
quests for oiling, adjustment or other 
maintenance service, and so on. The 
code numbers conveying this informa- 
tion are shown through a number of 
little windows in the switchboard. 

The switchboard operator records all 
incoming calls so as to determine time, 
cost, and production schedules, and also 
records and dispatches to the proper 
station all calls for maintenance serv- 
ice. The operator does this by flash- 
ing, from a dial on the switchboard, 
the number of the maintenance man 
and the code number of the service 
required on a conveniently-located, 
overhead visual placed in the plant 
department concerned. A bell also 
rings to attract the attention of the 
maintenance man. In answering the 
call he goes to his service station, jots 
down the number of the machine that 
requires attention and gives this ma- 
chine the desired service. 


— — 


Portable Crane With Load Brake 


ERETOFORE, most cranes have 

been built with a ratchet and 
pawl, but the Canton Foundry & 
Machine Co., Canton, Ohio, has just 
developed and has ready for the mar- 
ket, a new improved Canton portable 
crane, with a safety friction load 
brake, which is shown in the accom- 


panying illustration. It is stated that 
with this load brake on a crane, the 
load is held at any point; it can not 
under any condition get away from the 
operator; that this brake insures posi- 
tive safety to the operator and to the 
work handled; and that it complies 
with safety regulations throughout the 
country. 

This friction load brake operates by 
means of friction disks in connection 
with a helix and is so designed that 
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the pawl is always engaged in the 
ratchet; it is necessary to wind the 
load down as well as to raise it. In 
this way, according to the manufac- 
turer, the load cannot get away from 
the operator, whether or not he lets 
loose of the handle. This unit is built 
not only for new portable cranes, but 
is so designed that it can be installed 
in Canton cranes now in service. 


Vertical Electric Car Spotter 


NEW, vertical-capstan, electric car 
A spotter, known as the Caldwell Car 
Spotter, has been announced by H. W. 
Caldwell & Son Co., 1700 S. Western 
Ave., Chicago, III. Twenty pounds pull on 
the capstan, it is asserted, will serve to 
move a ton of freight ona ‘straight track 
and 3 min. with this machine suffices, 
usually, to do work that formerly took 
two men with pinch bars 30 min. to do. 
Other applications of this spotter in- 
clude, besides pulling and spotting cars, 
the moving of materials in lumber 
yards, steel mills, foundries, in logging 
work, and on the docks. Many of these 
manifold uses are made possible, it is 
averred, through the 360-deg. working 
radius of the capstan, à feature which 
permits the reduction of hand labor. 

Two sizes, Nos. 1 and 2, are an- 
nounced by the manufacturer of this 
unit. The former size has a speed of 
40 to 60 ft. per min. while moving one, 
two or three cars; and the latter size is 
said to move from three to six cars, 
at the rate of 26 to 42 ft. per min. 
The upper bearing of the vertical cap- 
stan shaft is especially long, to take 
the pressure from the rope pull. A 
cut-steel spur pinion mounted on the 
motor shaft meshes with a cut, cast- 
iron spur gear on the worm shaft. The 
worm is of hardened steel, integral with 
the shaft, running in roller bearings, 
and with a ball bearing for taking up 
the end thrust. 

The Caldwell Car Spotter has an au- 
tomatic oiling system which consists of 
an upper and a lower reservoir. The 
spur gear running in the lower reser- 
voir, brings up the oil with it. 

The worm gears, running in the lower 
reservoir, are lubricated by the oil 
thrown over them by the spur gears, 
and by the worm dipping into the cir- 
culating oil. This also lubricates the 
radial and thrust bearings on the ver- 
tical shaft. Three pet-cocks are pro- 
vided to regulate the oil level. A grease 


cup is provided for the upper bearing 
on the vertical shaft. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. It ts 


always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Polyphase Induction Motors—Bul- 
letin 1132 describes the Types AR and 
ARY polyphase induction motors with 
cast-steel frames and Timken tapered 
roller bearings, which are available in 
ratings from 3 to 200 hp.—Allis-Chal- 
mers Mfg. Co., Milwaukee, Wis. 


Floodlighting—Bulletin 216 contains 
a description and illustrations of the 
latest type of Golden Glow floodlight- 
ing equipment built by this company, 
with numerous charts and diagrams 
giving specific performance data.— 
Electric Service Supplies Co., 17th & 
Cambria Sts., Philadelphia, Pa. 


Portable Electric Tools—Catalog 14 
describes the line of Thor portable elec- 
tric drills and grinders, screwdrivers 
and drill stands.—Independent Pneu- 
matic Tool Co., 600 W. Jackson Boule- 
vard, Chicago, III. 

Ball Bearings—Catalog 20 devotes 48 
pages to the description, illustration 
and rating of the various types of 
radial and thrust ball bearings for a 
variety of services.—G-A Ball Bearing 
Mfg. Co., 123-141 N. Albany Ave., Chi- 
cago, III. 

Portable Elevators—A circular de- 
scribes and illustrates a number of ap- 
plications of the Revolvator, which is a 
portable elevator with a revolving plat- 
form.—Revolvator Co., 336-352 Garfield 
Ave., Jersey City, N. J. 


Electrical Drives for Power Plant 
Auxiliaries—Motor Application Circu- 
lar 7381, under the above title, devotes 
24 pages to a discussion of types of 
motors and control for the various 
ower plant auxiliary services.—West- 
inghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


Switchboards and Synchronous Motor 
Starting Panels—Bulletin 111 illus- 
trates various types of this equipment 
and describes the eight points of pro- 
tection claimed for it.—The Ideal 
Electric & Mfg. Co., Mansfield, Ohio. 


Lift Trucks—A group of circulars 
illustrates and describes the various 
models and sizes of Plimpton, four- 
wheel, hand-lift trucks.—The Plimpton 
Lift Truck Corp., Stamford, Conn. 


Recording Units—Bulletin 266 en- 
titled, “Recording Units for Use in the 
Purchase and Sale of Electricity,” 
contains a number of interesting ac- 
counts of how Esterline-Angus instru- 
ments have been used to advantage in 
industrial plants.—The Esterline-Angus 
Co., Indianapolis, Ind. 


Gravity Belt Tightener—A circular 
describes the Pulmax drive and gives 
a direct comparison of the operation 
of the open drive and a standard Pul- 
max drive for the same installation.— 
Bird Machine Co., South Walpole, 
Mass. 

Window-Washing Equipment—A cir- 
cular describes the Cleveland Tramrail 
window-washing system which consists 
of a car and trolley supported from 
a tramrail on the outside of buildings, 


to facilitate the washing of large 

window areas. — Cleveland Electric 

Tramrail Division of The Cleveland 

oe & Engineering Co., Wickliffe, 
io. 


Separator Magnets—A folder de- 
scribes the use of EC & M magnets 
for removing tramp iron.— The Electric 
Controller & Mfg. Co., Cleveland, Ohio. 


Armature Winding Machines — A 
number of circulars describe the opera- 
tion of Chapman armature winding 
machines of various types and capac- 
ities —P. E. Chapman Electrical Works, 
St. Louis, Mo. 


Liftmg Jack—Form 803-C describes 
the line of Duff lifting jacks which are 
manufactured in capacities ranging 
from 1 to 75 tons.—The Duff Mfg. Co., 
Pittsburgh, Pa. 


Galvanized Iron Paint—A_ circular 
describes Galvanum, which is a special 
paint designed for use on galvanized 
iron surfaces.—Goheen Corporation of 
N. J., Newark, N. J. 


Electric Drills Special bulletin G-30 
describes the improved special ball 
bearing ½ -in. drill with universal 


motor, and other standard ortable 
electric tools. — The Standard Electric 
Tool Co., Cincinnati, Ohio. 

Flexible Fixture Hangers— Folder 


35 and Bulletin 2084 describe the line 
of Crouse-Hinds flexible fixture hang- 
ers and illustrate a number of methods 
of attachment. — Crouse-Hinds Co., 
Syracuse, N. Y 


Transformers — Bulletin 2051 de- 
scribes and illustrates a number of 
the advantages claimed for the Pitts- 
burgh film radiator for transformers.— 
Pittsburgh Transformer Co., Pitts- 
burgh, Pa. 

Ball-Bearing Motors—A folder de- 
scribes Marble-Card ball-bearing, a. c. 
and d. c. motors which are built in 
ratings up to 75 hp.—Marble-Card 
Electric Co., Gladstone, Mich. 


Bus Supports—A circular illustrates 
and describes some of the features of 
the Three-E indoor and outdoor bus 
supports.—Electrical Engineers Equip- 
ment Co., Chicago, III. 

Manual Controllers—Bulletin 100 de- 
scribes and illustrates the construction 
and operation of Clark manual con- 
trollers of an improved faceplate type 
which are built for heavy-duty service. 
Ihe Clark Controller Co., 1146 E. 
152nd St., Cleveland, Ohio. 


Enclosed Switch—Circulars describe 
the new 40,000 Series Square D en- 
closed, externally-operated switch which 
is designed for infrequent operation as 
in the case of entrance switches, dis- 
connects, and the like. Square D Co., 
Detroit, Mich. 

Speed Reducing Gears—Catalog 22 
covers the Smith line of worm speed- 
reducing gears on light transmission 
machinery. These speed reducers are 
made in ratings up to 5 hp. and the 
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line of light transmission equipment, 
consisting of pulleys, shafts, bearings, 
and so on, from 1% in. down to % in. 
—Winfield H. Smith, Springville, Erie 
Co., N. Y. 

, Fans—Small circulars describe the 
line of Peerless, a. c. and d. c., oscil- 
lating, non-oscillating, and ceiling fans. 
—The Peerless’ Electric Co., Warren, 
Ohio. 

Ball Bearings—A 12-page booklet dis- 
cusses the results which may be ex- 
5311 5 from the use of Norma Precision 
all bearings in fractional-horsepower 
motors. -Norma-Hoffman Bearings 
Corp., Stamford, Conn. 


Floodlight—A circular describes the 
new S-M general-purpose, water-tight, 
portable floodlight, which may be used 
either as an emergency light or for 
constant use under troublesome operat- 
ing conditions. This unit is adjustable 
to any position.—Seidler-Miner Co., 316 
E. Jefferson Ave., Detroit, Mich. 


Speed Reducers—A booklet entitled 
„Modern Speed Reduction” lists ratings 
and specifications for the various sizes 
of worm and herringbone speed-reduc- 
tion units from fractional horsepower 
rating up, which are manufactured. and 
stocked in standardized units for im- 
mediate delivery.—Boston Gear Works 


‘Sales Co., Norfolk Downs, Mass. 


Belt User's Book—A 70-page pocket 
size, handbook under the above title, 
contains some very interesting infor- 
mation on the installation and main- 
tenance as well as the selection of 
leather belts.—J. E. Rhoads & Sons, 35 
N. 6th St., Philadelphia. Pa. 
Non-Metallic Gear Publication 
F-4506-B entitled, “Salient Facts on Si- 
lent Gears,” contains the latest recom- 
mendations of thé American Gear 


Manufacturers“ Association, including a 


number of formulas and tables, together 
with a description of the applications 
of Micarta gears.—Westinghouse Elec- 
tric & Manufacturing Co., East Pitts- 
burgh, Pa. 

Automatic Self-Starting Induction 
Motor—Bulletin 110 describes and il- 
lustrates the construction and gives the 
characteristics of the operation of the 
Type AA, double squirrel-cage, auto- 
matic, self-starting induction motors 
which are built in sizes from 3 hp. to 
100 hp.—The Ideal Electric & Mfg. Co., 
Mansfield, Ohio. 


Electric Cranes and Hoists—A 20- 
page bulletin discusses Shepard equip- 
ment for steam and electric railroad 
shops. Another bulletin discusses the 
use of this equipment in the leather 
industry. Both of these are well illus- 
strated.—Shepard Electric Crane & 
Hoist Co., Montour Falls, N. Y. 


Maintenance Equipment Specialties— 
A circular describes new maintenance 
equipment specialties such as the Mar- 
tindale electrical etcher for marking 
iron and steel articles, soldering trans- 
formers, the No. 13 light, portable com- 
mutator slotter, and Imperial cleaning 
liquid and paste.— The Martindale Elec- 
780 Co., 11710 Detroit Ave., Cleveland, 

io. 


Cutting and Welding Torches—A 12- 
page catalog describes the various 
types of Milburn torches for acetylene 
welding.—The Alexander Milburn Co., 
Baltimore, Md. 


Time Switch—A circular describes 
the Eureka time switch for automatic- 
ally switching lights or power on or 
off.—Eureka Tool & Machine Co., 42 
Walnut St., Newark, N. J 
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A few typical methods of mounting 
and interconnecting Monitor Edge- 
wound Resistors. Asingle unmounted 
unit is shown in the foreground. 
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MAXIMUM FLEXIBILITY 


Monitor Edgewound Resistor 

Units may be mounted side by 

side or one above the other — 

singly or in banks. Complete resistors thus made, may 
be mounted and operated in any position. This permits 
Monitor to adapt its Edgewound Resistors to meet any 
reasonable space requirement. 


Similarly practically any current requirement can be 
met. The resistor ribbon may be made thick or thin or 
of various alloys as conditions may require. The indi- 
vidual units, or banks of units may then be connected in 
parallel to give greater current capacity—or in series to 


give greater resistance — or in 

series- parallel to meet given cur- 

rent capacity and resistance re- 
quirements. Two simple forms of clamps provide all 
facilities for making connections and for taking off taps 
at any point. Write for bulletin 52-107 which tells 
about the wonderful flexibility, simplicity and other 
advantages of Monitor Edge wound Resistors. 


Monitor Controller Company 


BALTIMORE, MARYLAND 
Birmingham Chicago Detroit Philadelphia Boston 
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REYROLLE 
ARMORCLAD SWITCHGEAR 


Allis-Chalmers Manufacturing 
Company has acquired from A. 
Reyrolle & Company, Ltd., Heb- 
burn-on-Tyne, England, who are 
responsible for the development 
and unusual success of this type 
of Switchgear in Great Britain 
and on the Continent, the ex- 
clusive rights for its manufacture 
and sale in the United States, Cuba 
and Mexico. 


The salient points of Reyrolle 

switchgear are as follows: 

J. Human life is protected. 

2. Property is protected against 
damage. 

3. Continuity of service is se- 
cured. 

4. The possibility of human error 1s 
reduced to a minimum. 

5. Over all initial expense (including 

switch buildings) is low. : 

Compactness of plant is secured. 


. Convenience in operation, and re- 
duction in cost of operation is se- 
cured. 


: a 
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8. Maintenance expense is kept low. ———— fe 
Leaflet 2085 will be furnished on ap- 


plication. 


o e o 300 Amp., 15,000 Volt Electrically O ted Breaker Unit. 
Allis-Chalmers Reyrolle Switchgear will ME 75,000 KV. A. IntercapGne Capacity. 


be shown at Iron and Steel Exposition, 


Chicago, Booths 55 and 56. 
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Trends that are being followed in solving 


Problems of Steel Mill Operation 


involving the use of electrical and mechanical power 

drive equipment, together with present tendencies in the 

conversion, distribution and application of. electrical 
energy in the iron and steel industry 


N THE application of electric 

motors to steel mill main roll 

drives, there has been great ac- 
tivity during the past nine months. 
During the period Aug. 1, 1924, to 
Aug. 1, 1925, 105 motors totaling 
236,375 hp. were sold for applica- 
tion to steel mill main roll drives. 
From Aug. 1, 1925, to May 1, 1926, 
84 motors totaling 135,480 hp. have 
been purchased by the steel industry 
for its main roll drives. A list of the 
motors together with the names of 
the companies purchasing them is 
given on page 250. 

The record of the past 12 years is 
certainly convincing proof that elec- 
tric motors are now recog- 
nized throughout the steel 
industry as the standard 
for mill drives. Not only 
has their former competi- 
tor, the steam engine, ceased 
to be a competitor, but 
steam engines in existing 
mills are being replaced in 
ever-increasing numbers by 
modern electrical equip- 
ment. Companies in which 
extensive replacements of 
steam drive are under way 
are the Inland Steel Co., 
Carnegie Steel Co., Kokomo 
Steel Co., Colorado Fuel & 
Iron Co., and the Bethlehem 
Steel Co. 

An interesting trend is 
the increased use of frog 
leg” windings on large di- 
rect- current machines used I 


t 
in the steel industry. Since 6,600 volts, 107 


their introduction only a Ohio. 


By ARTHUR J. WHITCOMB 
Associate Editor, Industrial Engineer 


short time ago, 30 motors totaling 
36,865 hp. have been sold to ten steel 
companies. It is interesting to note 
that a new 7,000-hp. reversing motor, 
which will be installed in the Chicago 
district, will have this winding on it; 
also that a 4,500-hp. motor with this 
type of winding has just recently 
been placed in operation in a skelp 
mill of a large pipe manufacturer. 

The use of synchronous motors for 
main roll drives has received a de- 
cided impetus. A number of motors 
of this type have been used on seam- 


This motor has the highest continuous horsepower 
rating of any industrial motor in the world. 


is a General Electric synchronous motor rated at 9,000 hp., 
r. p. m. and will drive a 10-stand Morgan con- 
tinuous sheet bar mill for the McKinney Steel Co., Cleveland, 
It is the largest synchronous motor in such service. 


less tube mills. The Globe Steel 
Tubes Co. has a 2,500-hp. unit. 
Also, a new seamless tube mill that 
is to be built in the Chicago district 
will have an 1,800-hp. synchronous 
motor on its main drive. An applica- 
tion of this character of especial in- 
terest is the motor now being erected 
by the McKinney Steel Co., which 
will drive a 10-stand, Morgan con- 
tinuous sheet bar mill. This is a 
9,000-hp. unity-power-factor, 107- 
r.p-m., 6,600-volt, 25-cycle synchro- 
nous motor, shown below, which, 
from the standpoint of continuous 
horsepower capacity, is the largest 
motor of any type used for indus- 
trial purposes in the United 
States or, so far as can be 
learned, in any other coun- 
try. It is also notable in 
that it is the first really 
large synchronous motor to 
be used for driving a rolling 
mill. The motor may be 
started, stopped, or reversed 
from a master switch and 
automatic control panels 
exactly the same as any 
other type of rolling mill 
motor. 

Important developments 
have occurred in the control 
of variable-speed, direct- 
current, compound - wound 
motors. Modern mills for 
the rolling of strip, skelp, 
rod, and merchant shapes, 
often consist of several 
groups of one or more roll 
stands, each group being 
driven by an individual, 
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direct-current, adjustable-speed mo- 
tor. The cross-section of the steel 
is small, so that to conserve heat, 
the mills must be operated at high 
speeds, and the length of the piece 
is such that it may be in several 
roll stands simultaneously and for 
periods of several seconds. This 
makes necessary the very close speed 
regulation of the several driving mo- 
tors in order to avoid excessive loop- 
ing of the metal in between two 
stands. For this exacting service 
compound-wound, compensated, di- 
rect-current, adjustable-speed motors 
are being applied. For machines 
having a very wide speed range by 
shunt field adjustment, it is found 
that adjustment of the series field 
strength is required in order to have 
the same speed regulation at all 
speed settings. In several instances 
this adjustment has been made by 
resistance shunts across the series 
winding cut in or out by means of 
knife switches or contactors. Re- 
cently a scheme has been perfected 
whereby the compounding excitation 
is provided by an auxiliary field 
winding energized from a small ex- 
citer generator which is excited by 
the main armature current, thus ex- 
citing the main motor in proportion 
to its load. In this auxiliary field 
circuit there is used a multi-point 
rheostat which is mechanically con- 
nected to the operating mechanism 
of the main shunt field rheostat. 
Thus the compounding excitation is 
adjusted simultaneously with the 
main shunt excitation and by proper 
proportioning of the field resistances 
the speed regulation may be made 
practically flat for all speed settings. 

Adjustable-speed motors are used 
on main roll drives in strip mills and 
quite a few strip mills are now under 
construction. One of particular in- 
terest is the 16-20-in. strip mill now 
nearing completion in one of the 
mills in the Chicago district. In this 
mill there are 14 roll stands, two of 
which are edging stands. The first 
four stands are roughing units and 
are driven through a lineshaft and 
reduction gear set by a 1,500-hp., 
2,200-volt, wound-rotor induction 
motor. The two intermediate stands 
are driven through reduction gears 
by 1,500-hp., and 1,800-hp. 600-volt, 
direct-current, adjustable-speed mo- 
tors. The remaining four finishing 
stands are individually driven by 
1,800-hp., 600-volt, direct-current, 
adjustable-speed motors. 

Each of the above-mentioned gear 
sets is composed of Sykes herring- 
bone gears which are connected to 
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the Westinghouse driving motors by 
means of Falk-Bibby flexible coup- 
lings. These gears run in oil that 
is fed to them under pressure and 
filtered by means of a Bowser lubri- 
cation system. 

Very good use is made of the base- 
ment in connection with the ventila- 
tion and cooling of the motors and 
motor-generator sets. Instead of 


Vol.84, No.6 


running individual air ducts to each 
motor and generator, it was found 
to be decidedly cheaper and just as 
efficient to put the whole basement 
under pressure, sealing all outlets 
except the places at which the bus- 
bars enter the motors and gen- 
erators. These places are left open 
so that the basement air being under 
pressure will pass up through the 


Motor-Driven Main Drives Purchased 
During Past Nine Months 


Morors 
COMPANY MILL Drivs Vo.ts |Crcies| R. P. M. 
No. | Hp. 
Bethlehem Steel CO... . Sheet Mill.......... Geared 1 1,250 | 6,600 25 250 
in Plate eared 3 1,250 | 6,600 25 250 
Buffalo Steel Co. Rail Rerolling....... Direct 2 1,350 4,400 23 214/161 
Carnegie Steel Co 
Youngstown, Ohio.. Hoop Mill.......... Geared 2 450 | 6,600 25 730 
oop Mill.......... Geared 2 700 | 6,600 25 490 
Hoop Mill.......... Geared 1 1,600 | 6,600 25 490 
Hoop Mill.......... Geared l 770 | 6,600 25 440/540 
Hoop Mill.......... Geared 2 1,600 | 6,600 25 440/540 
Carnegie Steel Co. 
Homestead, Pa.......| 52-in. Structural.....| Direct 2 2,000 700 d. o. 377163 
Colorado Fuel & Iron Co.] 10-in. Merchant... Direct 1 300 600 d.c. 175/225 
Structural........... ea 1 3,000 | 6,600 60 450 
Structural........... Geared l 2,000 | 6,600 60 450 
Columbia Steel Co..... Rev. Hot Strip...... Direct 1 5,000 900 | d.o. 70/150 
Hot Strip........... eared | 4 2,000 600 d.c. 200/400 
Conners Steel Co.......| 16-in. NIIilIIIIII J 1 700 | 2,300 60 440 
Crucible Steel Co.......] 22-in. Merchant Geared l 1,800 250 d.c. 550/650 
9-in. Merchant......| Direct l 700 250 d.c. 240/450 
Nin. Roug hing | 800 250 d. e. 200/450 
Nin. Roug hing Geared l 500 | 2,200 60 884 
Bar & Billet......... eared l 400 | 2,200 60 885 
Donner Steel Co. Dar. cass cw Ak bags Geared U 1.000 230 d. o. 210/510 
Ford Motor Co........ 18-in. Cont. Billet....| Direct l 5,000 | 13,200 60 99 
Forged Steel Wheel Co.. 40-in. Rev. Blooming. Direct 1 7,00 700 d.c. 50/120 
Globe Steel Tubes Co... Piercing 1* | 2,500 | 2,200 60 257 
Illinois Steel Co. 
Chicago, Ill.......... Blooming Mill. 1 7,000 700 d.c 50/1 
12-in. Barr. Geared 3 500 600 d. o 175/350 
12-in. Barr Geared 3 1,000 600 d.c 350/700 
12-in. Bar. Direct 2 800 600 d. o 175/350 
12-in. Bar. Direct 3 800 600 d. o 220/440 
Inland Steel Co........ Rail Rerolling.......} Direct 2 1,000 | 4,000 60 225/168 
Rail Rerolling....... Direct l 400 | 4,000 60 514 
Sheet Bar eared 1 3,000 | 2,200 25 500/250 
Nin. Cont. Billet... Geared 1 7,500 | 2,200 25 368 
Indiana Rolling Mill Co.] 22-in. Finishing eared 2 300 | 2,200 60 505 
Latrobe Electric Steel 
%% AA Merchant. Geared 1 400 440 60 870 
10-in. Merchant. Geared l 500 440 60 900 
McKinney Steel Co.....| l0-in. Merchant Geared U 1.000 600 d. o. 200/600 
10-in. Merchant... . Direct l 2,000 600 d.c. 134/275 
10-in. Merchant. Direct l 1,200 600 d.c 0/5 
12-in. Merchant... Direct l 5,610 | 6,600 25 156/94 
12-in. Merchant. Direct 3 800 600 d. e 200/415 
12-in. Merchant.....| Direct l 800 600 d.c 240/480 
Penn Seaboard Steel Co.] 12-in. Merchant... Geared 2 800 700 d.c 275/550 
9-in. Merchant...... Direct | 800 700 d.c 275/550 
Pittsburgh Crucible 
Steel Co............. 18-in. Roughing Mill.) . U 1,800 500 d.c 350/640 
18-in. Merchant... Geared | 600 250 d.c 400/800 
12-in. Merchant... . Direct 1 1,200 250 d.c 160/320 
}2-in. Merchant.....| Direct l 500 250 d.o 175/350 
Sharon Steel Hoop Co..| Strip............... Direct 2 1,200 230 d. o 200/ 400 
Southern Cal. Iron & 
Steel Co Merchant. Direct J 1,500 | 2,200 50 300/175 
Standard Seamless ow 
Tube Coo Piercing............ Geared 1 3,500 | 2,200 60 600 
Tube Rolling........ Geared l 1,600 | 2,200 60 600 
Wheeling Steel Corp. Sheet............... Geared l 1,200 | 2,200 60 277 
Youngstown Sheet & 
Tube Co., 
Youngstown, Ohio.. . . Seamless Tube.......| Geared | 2,000 600 d.c 230/360 
Seamless Tube.... Geared 4* 450 | 2,200 60 720 
Youngstown Sheet & 
Tube Co., Indiana 
Harbor, Ind......... Tin Sis es Sead ba 8 1 1,800 | 2,200 60 253 
Cold RollllWun. 2 1,000 | 2,200 60 235 
MILLS FOR METALS OTHER THAN STEEL 
American Brass Co.....| Brass & Copper......] Geared | 1 600 550 | 60 360 
Brass & Copper... . Geared 600 330 60 300 
Anaconda Copper 
Mining Co o eee’ Direet 1 800 | 2,200 60 450/225 
Copper Direct l 500 | 2,200 60 450 
Mich. Copper & Brass 
N Rev. Hot Copper... Geared 1 500 600 d.c. 360/612 
Copper Rolling. 5* 800 4,600 60 720 
The International 
Nickel Co ou———— Cold Stri dd 3 320 230 |....... 400/800 
U. S. Aluminum Co.. . . Aluminum Geared l 500 | 2,200 25 500 


* Indicates Synchronous Motor. 


For drives purchased prior to Aug. 1, 1925, see page 408 of the 
September, 1925, issue of INDUSTRIAL ENGINEER. 
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motors or generators and out into 
the atmosphere of the room above. 
Two blowers are located in an out- 
house on the ground level of the floor 
above, which force air through Reed 
dry-type air filters into the basement. 

An unusually interesting installa- 
tion is being completed in the com- 
bination cross country and structural 
mill of a Chicago independent pro- 
ducer. The mill will have a revers- 
ing drive on two stands in tandem 
and three adjustable-speed drives 
on other tandem roll trains. The 
reverse drive is the standard arrange- 
ment using a 3,100-hp. motor sup- 
plied from a flywheel motor-gen- 
erator set. There are two generators 
on this set, one of which supplies 
the reversing motor while the other 
supplies the three 2,000-hp. ad- 
justable-speed motors. 

A feature of the control on the 
main motor is the fact that a special 
master has been built, which con- 
trols not only the reversing motor, 
but also the front and back mill 
tables. Cutouts are arranged for 
foot operation so that any of the 
above may be cut out and the re- 
mainder run separately. For in- 
stance, it might be desired to run 
the tables without the reversing 
motor so as to get the bar close to 
the roll train. In such cases the oper- 
ator pushes a cutout switch with his 
foot, which cuts out the control of 
the main motor temporarily. 

Improvements have been made in 
alternating-current, adjustable-speed 
drives by the development of a fre- 
quency converter type of equipment, 
arranged for double-range operation 
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and having constant-torque charac- 
teristics. The main induction motor 
and the frequency converter, both on 
the same shaft, are the only two 
rotating machines required. The 
induction motor slip energy is con- 
verted to line frequency directly by 
the frequency converter, and re- 
turned to the line through speed-ad- 
justing transformers. Three ma- 
chines of this type, one of 770 hp. 
and two of 1,600 hp. each, are being 
built for hoop mill drives at the 
Upper Union Works of the Carnegie 
Steel Co. - 

A 3,500-hp., 700-volt, 50-120-r.p.m. 
reversing motor which replaced a 
steam engine on the 34-in. blooming 
mill at the Kokomo Steel and Wire 
Co., Kokomo, Ind., was put into 
operation during December, 1925. 
An interesting feature of this in- 
stallation is the use of a large Falk- 
Bibby type of flexible coupling to 
connect the motor to the pinion 
stand. It is also of interest to note 
that air for the ventilation of the 
reversing motor is cleaned by a Mid- 
west type of air filter of 30,000 
c.f.m. capacity. Heretofore wet air 
washers have been used for this 
service, but there seems to be a grow- 


Operator’s pulpit in a modern 40- 
in. motor-driven, reversing bloom- 
ing mill. 

The roller sits in the chair and controls 
the main drive motor from a foot- 
operated master switch. With his 
hands he controls the screwdown and 
main tables. A second man controls 
all of the remaining equipment. The 
master switches shown are of the 
Westinghouse plug type, which may be 
removed and replaced with a spare by 
loosening three wing nuts. 
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ing interest by steel mill operators 
in the dry type of filter. 

The McKinney Steel Co. of 
Cleveland, Ohio, will install five mo- 
tors for driving a new 12-in. mer- 
chant mill. The roughing stands will 
be driven by the largest Scherbius 
equipment which has so far been 
built. The motor is rated 5,610/ 
4,500/3,370 hp., 156/125/93.6 r.p.m., 
6,600 volts, 25 cycles. 

Confirmation of some of the pres- 
ent trends in the use of steel mill 
main drives is noted in the types of 
the 72 main drive motors sold by one 
manufacturer during the year 1925. 
Out of the total number of motors, 
46 per cent were direct-current, ad- 
justable-speed motors. In other 
words, 79 per cent of the main drive 
motors fell in these two classifica- 
tions. This clearly indicates the 
trend in main drive motors. Also, 
out of the 32 alternating-current, 
constant-speed, main drive motors 
sold, 70 per cent of them were for 
60-cycle service thus clearly indi- 
cating the trend toward the use of 
60-cycle power in the steel mills. 

An interesting trend which has 
been but slightly touched upon pre- 
viously in this article is the use of 
dry-type air filters instead of the 
more common air washer for purify- 
ing the cooling air supply for mo- 
tors and generators. Although the 
wet washer cools the air as well as 
cleans it (which is of advantage dur- 
ing the hot summer months) several 
engineers stated that they favored 
the dry-type air filter because it 
possesses greater simplicity. 


CHANGES IN AUXILIARY DRIVE 
EQUIPMENT 


The attempt to standardize mill- 
type motors as used on auxiliary 
drives is absorbing the interest of 
many steel mill engineers. For a 
number of years it has been con- 
sidered desirable that all mill-type 
motors of a given size should have 
uniform mounting dimensions so that 
complete motors of different manu- 
facture would be interchangeable. 

With this object in view the Stand- 
ardization Committee of the Asso- 
ciation of Iron and Steel Electrical 
Engineers has met with representa- 
tives of the manufacturers of mill- 
type motors. This committee stated 
that the differences in the external 
dimensions of mill-type motors of 
different manufacture was so slight 
that the problem of standardizing 
the external dimensions should not 
be difficult. This committee also pro- 
posed to the manufacturers that the 
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present eleven frame sizes be reduced 
to eight. 

Another consideration was whether 
the motor speeds should be increased. 
A questionnaire sent by the commit- 
tee to the membership of the Asso- 
ciation disclosed, however, that the 
present low speeds were strongly 
favored. Another point raised in the 
questionnaire was whether or not 
anti-friction bearings should be ac- 
cepted as standard for mill-type mo- 
tors. Replies indicated that those 
who had extensive experience with 
anti-friction bearings strongly fa- 
vored their adoption while the 
majority of replies, based on num- 
bers, indicated that motors equipped 
with sleeve as well as anti-friction 
bearings would be in demand. 

At the Chicago Convention of the 
Association it is expected that a final 
agreement will be reached in regard 
to the points mentioned above as well 
as on the following: (1) Should 
mill-type motors be provided with 
bearings having sufficient thrust ca- 
pacity to permit the use of single- 
spiral 7 to 10 deg. helical gearing? 
(2) Should the mill-type motor be 
arranged to permit the use of sleeve 
type or anti-friction bearings inter- 
changeably in the same frame? (3) 
Should the armatures be built on a 
spider with a commutator mounted 
on an extension thereof? (4) De- 
termination of standard sizes for 
shaft diameters, tapers, keys, key- 
ways, and shaft tolerances. 

The use of mill-type motors on 
adjustable speed drives is increasing. 
One plant visited in the Chicago dis- 
trict is using mill-type motors ex- 
clusively on the drives smaller than 
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100 hp. in the welding end of its pipe 
mills. Motors in this part of the 
mill receive very severe service and 
are subjected to a great deal of dirt 
and dust and necessarily ought to be 
totally enclosed. Many of the drives 
in a pipe mill must have the speed 
controlled according to the size of 
product rolled. Consequently, gen- 
eral-purpose, shunt-wound motors 
have been commonly applied in the 
past for such applications. In the 
plant visited a special, compound- 
wound, mill-type motor is in use. 
These motors have a greater per- 
centage of shunt field and a smaller 
percentage of series field than is the 
case with the standard compound- 
wound, mill-type motor. In many 
applications in a pipe mill, particu- 
larly so in the case of the cross rolls, 
close adjustment of the speed is re- 
quired and this was being obtained 
with the motors just described. 

This type of motor is also being 
installed in a new combination cross 


The use of complete spare panels 
with transfer switches for quickly 
connecting them in circuit finds 
favor in some quarters. 


This installation of General Electric 
magnetic time-limit control panels in 
the 35-in. structural mill of the Lack- 
awanna plant of the Bethlehem Steel 
Co. is so arranged. As may be seen, 
four-pole, double-throw switches are 
placed on the bottom panels for trans- 
ferring both the power and control 
circuits from the regular to the spare 
panel. The right-hand illustration 
shows a rear view of similar panels. 
No bus is used on this installation, 
power being brought in through the 
conduits terminating at the center of 
the panels. The resistor leads are car- 
ried open to a balcony directly over- 
head, while the transfer leads are 
carried in the horizontal conduit about 
a foot above the floor. The conduits 
terminating at the floor level are for 
the motor and master switch leads. 
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country and structural mill now 
being erected by a Chicago inde- 
pendent producer. Eight motors 
rated at 40-60 hp., 650-1,350 r.p.m. 
are being used to drive mill tables. 
The speed of the tables has to be 
varied in accordance with the speed 
of the main drives, which varies with 
the size of product rolled. 

Another interesting auxiliary 
drive is the use of 95, 4-hp. squirrel- 
cage motors on the final run-out table 
in a new strip mill being erected in 
one of the mills in the Chicago 
district. Each roller in the table 
is driven by a separate motor and 
both the motors and the rollers run 
on ball bearings. The power for 
these motors is supplied from a gen- 
erator that is belted to the last fin- 
ishing stand main drive. By this 
arrangement the generator fre- 
quency always bears a definite rela- 
tion to the speed of the last main 
drive, which in turn causes the table 
speed to automatically adjust itself 
in time with the main drive. 


TRENDS IN INSTALLATION AND USE 
OF MOTOR CONTROL 


The question of what type of ac- 
celeration should be used for mill 
motor control is still a live one in 
steel mill circles. Although several 
methods have been developed, no one 
method is being adopted to the ex- 
clusion of the others. This is due to 
the fact that steel mill engineers 
have had considerable trouble with 
a method of control developed sev- 
eral years ago—most of which by the 
way, was due to incorrect application 
rather than to incorrect design— 
and as a result are conservative re- 
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garding new methods of control. 
Probably the most widely used 
method of control at the present time 
is the current-limit type using series 
accelerating relays and shunt con- 
tactors. Practically all control man- 
ufacturers make this type of control 
and the newer types that they have 
brought out were developed with the 
idea of obtaining refinements that 
they felt should be expected from a 
motor controller. One manufacturer 
of both time and series relay control 
states that he notes a large increase 
in the sale of his new time-limit con- 
trollers, indicating a swing-over in 
favor of this type of acceleration, 
but on the other hand he has not 
noticed a falling off in the volume of 
sales in his series relay control. This 
is probably due to the increased vol- 
ume of business over that of pre- 
vious years rather than an increased 
demand for this type of control. 

The time-limit method of accel- 
eration has a large following—some 
plants prefer it to the exclusion of 
other types. This type of equipment 
is now made in both the dashpot and 
the magnetic types. The dashpot type, 
being the first method developed using 
the time-limit principle is conse- 
quently widely used. The magnetic 
and the inductive types are more re- 
cent developments but are rapidly 
receiving recognition among the mill 
operators and even now probably 
have a wider use than the dashpot 
type. 

The inductive time-limit type, 
however, is more than a straight 
time-limit method of acceleration. 
This type of controller is said to give 
positive, time-limit acceleration until 
the motor armature starts to revolve 
after which current-limit features 
combine with time limit to govern 
the acceleration. For this reason it 
is said that with this type of con- 
trol the inrush and accelerating cur- 


Two sturdy-looking installations of 
steel mill control. 


At the left is an installation of Cutler- 
Hammer inductive time-limit control 
on an open hearth, floor-type, charging 
crane. The right-hand illustration 
shows an Electric Controller & : 
Co. installation in the new charcoal 
iron mill of the Reading Iron Co. 


rents can be set for minimum or 
average load, thereby reducing the 
heating of the motor and limiting 
the breaking of the heavy current 
by line contactors. Another feature 
claimed for this type of control is 
that it is impossible for a stalled 
motor to remain on the line, and that 
the plugging contactor is positively 
locked out until the motor armature 
comes to rest. It is also pointed out 
that with this type of control it is 
possible to adjust accurately the ac- 
celeration current and time at the 
factory. 

Increasing use is found in the case 
of the magnetic type of time-limit 
control. In the Chicago district 
alone sales approximating $50,000 
have been made of this type of con- 
trol for use in the plants of two 
companies. 

A noticeable tendency in applica- 
tion of motor drives is the growing 
use of two or more motors in parallel 
and connected together mechanically. 
These duplex drives are used on 
screwdowns, mill tables, on the 
bridge drives of ladle cranes, charg- 
ing machines, and trolley and bridge 
drives of ore bridges. The advan- 
tages of the duplex system of con- 
trol for these drives are being recog- 
nized. 

Briefly, this system uses reversing 
and accelerating contactors of dou- 
ble-pole construction, each pole con- 
trolling the circuit to one of the two 
motors, and using separate accelera- 
tion resistors so that the motor cir- 
cuits are kept entirely separate. 
Duplex control so designed is said 


to provide uniform peaks of current 
during acceleration and to cause the 
motors to divide the load evenly while 
running. The use of separate resistors 
also prevents destructive circulating 
currents when the motors are 
plugged. 

This same system has also been 
extended to control four motors oper- 
ating in parallel. Such is the case 
when four motors on the four legs of 
an ore bridge must be accelerated in 
exactly the same time so as to give 
an even operation. This is obtained 
by the use of four-pole contactors. 
The Electric Controller & Mfg. Co. 
has used this scheme of control on 
the bridge motion of the ore bridge 
just completed at the Indiana Har- 
bor plant of the Inland Steel Co. and 
also on an ore bridge that has just 
been completed at the Central Fur- 
nace Co. plant. 

The enclosing and housing of con- 
trol equipment is receiving more at- 
tention than formerly. Where it is 
possible to group together the con- 
trollers for a given section of a mill, 
a control house is built and the con- 
trollers mounted therein, either on 
two separate floors or on one floor 
with a balcony for the resistors, as 
shown at the bottom of page 252. 
This method, while affording the 
most protection to the equipment and 
making it most accessible for inspec- 
tion and maintenance, is quite ex- 
pensive and often involves more wir- 
ing and longer conduit runs than if 
the controller were located nearer the 
motor. At the newest plant in the 
Chicago district, the control panels 
are located as near the motors as 
practicable, only the master switches 
being grouped in the various pulpits. 
The control panels, however, are 
totally enclosed in substantial steel 
cabinets with large doors at the front 
and rear. These cabinets are large 
enough to receive the resistors which 
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are placed on the floor below and 
immediately behind the panels. This 
method of installation provides a 
cheaper alternative than the control 
house scheme and yet affords good 
protection to the equipment and 
safety to the mill workmen. 

In many mills it has been the more 
usual practice to install the control 
panels for the hoist and bridge mo- 
tions of a crane in the crane cab. 
This, of course, necessitates a larger 
crane cab than would otherwise be 
necessary, but has the advantage of 
having the panels close to the master 
and at the point from which the 
cranes are controlled. However, a 
crane cab costs money and an en- 
largement to take care of the panels 
is somewhat expensive. Also, the 
space available in the crane cab is 
held down to the smallest amount 
needed to take the control and, con- 
sequently, the control panels might 
be somewhat cramped for space. On 
all of the cranes used inside of the 
buildings of a large pipe manufac- 
turer in the Chicago district the 
standard practice is to locate the 
crane hoist and bridge control panels 
on the bridge walkway of the crane, 
where there is ample room for them. 

The illustration shown on page 
251 is a view of the operator’s pulpit 
for a new 40-in. electrically-driven 
reversing blooming mill. The roller 
controls the screwdown and main 
tables by means of three master 
switches, and also controls the main 
reversing motor by means of a foot- 
operated master controller. The sec- 
ond operator controls the side guards, 
manipulators, and approach and run- 
out tables. The use of foot-operated 
master controllers reduces the pulpit 
crew of a blooming mill from three 
to two men, and also permits of in- 
creased production as the concentra- 
tion of control in two men more 
closely co-ordinates the many op- 
erations involved. 
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The illustration just mentioned 
also shows the use of plug-type mas- 
ter switches. The receptacle into 
which these masters are plugged is 
arranged for rigidly mounting at the 
back of an angle or channel section. 
This leaves the space under the mas- 
ter switch open and is an improve- 
ment over mounting the switch on a 
conduit supported from the floor. 
The five leads from the master switch 
terminate in wedge-shaped fingers 
which engage in corresponding re- 
ceptacle terminals when the master 
switch and plug are placed on the 
receptacle. By loosening three wing 
nuts the plug and master switch may 
be removed and a spare master 
switch substituted. 

An innovation in automatic con- 
trol is being used on eight of the mill 
tables of a combination cross country 
and structural mill now nearing com- 
pletion. These eight motors are con- 
trolled by eight flag master switches 
placed on the tables in such a posi- 
tion that as the steel passes through 
the main rolls, it will hit the flag 
master, thereby causing the next 
motor to operate. Also, as the steel 
leaves a given table it will release a 
flag master and thus stop the table. 
Inasmuch as this scheme is used on 
eight tables it will greatly reduce the 
number of operators that would 
otherwise be required. 

A new design of slip regulator has 
been developed for steel mill service 


Two gear drives that are of par- 
ticular interest. 


On the left is shown a two-speed gear 
drive made by Farrell Foundry & Ma- 
chine Co., that is used in connection 
with a bar mill of the Latrobe Electric 
Steel Co. permitting the use of a stand- 
ard high-speed, 500-hp. motor running 
at constant speed. At the right is 
shown one of the reduction gear units 
made by the Farrel Foundry & Ma- 
chine Co. for the new 16/20-in. strip 
mill of a Chicago plant. This gear 


will be used in connection with a 
1,500-hp., 720-r.p.m. motor and has a 
ratio of 9 to 1. 
motor by means 
coupling. 


It is connected to the 
of a Falk-Bibby 
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which does away with external elec- 
trode cells. A novel feature of the 
new design is the complete enclosure 
of the cells so that the possibility of 
leakage of the electrolyte is elimi- 
nated. 


TRENDS IN THE APPLICATION OF 
MECHANICAL ELEMENTS OF 
POWER DRIVES 


Anti-Friction Bearings—That the 
trend toward the universal use of 
anti-friction bearings is becoming 
very pronounced indeed, is the opin- 
ion of many steel mill engineers who 
were interviewed. Probably one of 
the largest installations ever at- 
tempted is now being made on the 
cranes in a new mill in the Chicago 
district. This company is making 
an installation of 20 cranes which 
are to be completely equipped with 
roller bearings. Rollway bearings 
are used for the motors, Hyatt roller 
bearings support the lineshafts, and 
Timken bearings are used on the axles 
and end trucks on these cranes. This 
installation of cranes will be watched 
with great interest, for the results 
secured will have a definite bearing 
on the universal application of anti- 
friction bearings to cranes. 

Another interesting installation of 
roller bearings has been made on an 
ore bridge recently built for the 
Central Furnace Co. of Massillon, 
Ohio. Roller bearings are used on 
all of the motors on this bridge, and 
in addition, roller bearings are used 
on all bearings on the trolley and 
hoist motions. 

In the pipe mills of a large pro- 
ducer there are now in service ap- 
proximately 300 sets of ball and 
roller bearings. These bearings are 
in use on general-purpose motors 
only, sleeve bearings being used on 
all mill-type motors. These bearings 
have been in service for over a year 
and to date not one operating failure 
has been experienced. 
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All of the auxiliary motors in a 
new rolling mill for handling alloy 
steel in the Chicago district will be 
equipped with roller bearings. In- 
asmuch as there are over 70 motors 
in this one mill, the installation is 
worthy of special mention. 

Flexible Couplings—It has become 
almost standard practice, particularly 
in the more progressive plants, to 
use flexible couplings on all aux@iary 
drives such as roll tables, transfer 
tables, conveyor drives, hot and cold 
saws, fans, hoists, door machines 
on heating furnaces, screwdowns, 
manipulators and sideguards. Flex- 
ible couplings are being used to com- 
pensate for initial misalignment of 
shafts, wear of bearings, founda- 
tion settling, deflections of shafts, 
and distortion due to temperature 
changes and other uncontrollable con- 
ditions. One engineer interviewed 
favored the use of flexible couplings 
because in the case of gear drives, 
the reduction gear would be an in- 
dependent unit to which the motor 
would be coupled by means of a flex- 
ible coupling, instead of having a 
motor pinion as part of the reduction 
gear and depending on the motor 
f. undation bolts to keep the motor 
pinion in line with its gear. Still 
another reason advanced by a steel 
mill electrical engineer in the Chi- 
cago district is that the use of flex- 
ible couplings keeps the motor quite 
a distance away from the gears, 
which in turn eliminates a great deal 
of the trouble from oil getting into 
the motors; in his experience this 
feature was well worth the cost of 
the coupling. 

There are several types of flexible 
couplings used in steel mill service 
and no particular type as yet seems 
to be preferred. One consulting 
engineer expressed a preference for 


Flexible couplings are becoming 
standard equipment on most types 
of steel mill drives. 


At the left is shown a Fast flexible 
coupling with rigid halves and connect- 
ing shaft on a drive in the Glassport 
(Pa.) plant of the Pittsburgh Steel Co. 
On the right is illustrated a Francke 
flexible coupling connecting a Crocker- 
Wheeler adjustable-speed motor to a 
gear drive. 


a coupling that was capable of ab- 
sorbing shocks, such as the Falk- 
Bibby or the Nuttall couplings. An 
operating engineer in the Youngs- 
town district expressed a preference 
for the internal-gear type such as 
the Fast and Poole Engineering & 
Machine Co. types, while other oper- 
ators are using pin types, such as the 
Francke, Thomas, and the like. 

Flexible couplings are also used 
on many main drives, especially if 
there is a reduction gear between 
the main drive motor and the roll 
stand. A good example of this prac- 
tice is in the strip mill of a Chicago 
plant where all except the last 
four stands are driven through Sykes 
reduction gears, which are connected 
to the motors by the Falk-Bibby 
couplings. 

There have been numerous devel- 
opments and improvements made in 
flexible couplings during the past 
year, especially in those designed for 
heavy-duty service. A special adap- 
tation of Fast’s flexible coupling has 
been made to fit the long tapered 
shaft ends of mill-type motors such 
as generally are used on steel mill 
auxiliary drives. This new design 
is arranged so that the coupling can 
be quickly disassembled and removed 
in the least possible time and thereby 
facilitate quick changes of motors 
in case of necessity. One hub of the 
coupling is made to fit the full length 
of the tapered shaft of the motor 
and is held in place by the locknut 


on the end of the motor shaft. The 
bolts on the flanges of the coupling 
halves are not shrouded like the 
standard coupling but are exposed 
and are fewer in number, thus being 
easily loosened and removed with an 
ordinary wrench. 

Improvements have also been made 
in the Francke coupling. In com- 
parison with the old Heavy Pattern 
Type, the improved coupling has 
cylindrical contact surfaces which 
give more than double the old con- 
tact surface; also the movement is 
between steel and bronze, and the 
graphited bushings used present a 
self-lubricated surface that is said 
to retain its lubricating qualities for 
many years. These new features are 
said to give more and easier endwise 
movement, increased capacity and 
longer life at all speeds. 

The Poole Engineering & Machine 
Co. has also brought out a new flex- 
ible coupling. This is of the inter- 
nal-gear type and it is said that it 
has been so designed that it is 
stronger than the connecting shaft 
and can be used on any shaft without 
consideration of a utility factor. 

Gears — The use of heat-treated 
pinions is becoming almost universal 
mill practice and the use of heat- 
treated gears is increasing so rapidly 
that their adoption will be practically 
universal within the limits of the 
sizes that can be heat-treated. Un- 
doubtedly, the hardness and tough- 
ness of the steel used in gears is of 
the greatest importance. Within 
certain limits the harder the mate- 
rial the better. There is one danger, 
however, which should be carefully 
guarded against. Some gears, after 
hardening, have been found to be 
warped excessively. This has re- 
sulted in inaccuracies in the teeth, 
which inaccuracies have caused more 
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severe stresses to be set up than 
could be withstood by virtue of the 
increased hardness and toughness of 
the material. In such cases the heat- 
treating of the gears has defeated its 
own object. 

The specifications calling for hard- 
ened gears should always receive 
most careful attention. In the case 
of rolling mill pinions, hardened 
teeth are undoubtedly desirable. In 
the case of main drive gears, how- 
ever, each installation must be con- 
sidered from the standpoint of 
whether it is possible to harden the 
teeth with such a small amount of 
distortion as to gain real advantage. 
With auxiliary drives, advantages 
can generally be obtained by heat- 
treating, because the tooth velocities 
are generally not very high. Even 
in rolling mill pinions the tooth 
velocity should receive consideration 
when deciding on the method of 
hardening. 

A new blooming mill goon to be 
erected in the Chicago district will 
have heat-treated pinions on all of 
the auxiliary and crane drives. The 
electrical engineer in a steel plant 
visited by the writer stated that all 
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motor pinions and gears bought sep- 
arate from a gear reduction unit as 
used in his new mill, were heat- 
treated. The same expression was 
heard from many of the other engi- 
neers interviewed. 

Consideration is being given to the 
use of single helical gears on auxil- 
iary drives. Because of the “screw 
in” action of the helical tooth as com- 
pared with the straight spur tooth, 
its operation is considerably more 
quiet, reducing the noise and vibra- 
tion in the gearing and correspond- 
ingly improving the action of adja- 
cent parts of the equipment which 
would be affected by gearing that did 
not run smoothly. Spur gears give 
excellent results and smooth opera- 
tion when running in properly main- 
tained bearings and under reason- 
able supervision. 

The use of single helical gearing 
has many advocates and also some 
opponents. One steel mill engineer 
interviewed stated that he did not 
favor its use on reversing drives 
because of the reversing end thrust. 
This matter of end thrust is being 
considered by the Standardization 
Committee of the Association of Iron 
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and Steel Engineers in standardizing 
the mill-type motor. 

For nearly all main drives requir- 
ing a motor of 150 hp. or more, her- 
ringbone gears are used for the gear 
reduction. Statistics made by one 
manufacturer of herringbone gears 
indicate that over 50 per cent of all 
the main drive reduction gears in- 
stalled during 1925 were made up of 
herringbone gears of his manufac- 
ture. The tendency in steel mills is 
to apply herringbone gears having 
teeth with a 30-deg. helical angle. 

Speed Reducers — In all of the 
mills visited, a large increase in the 
use of speed reducers was noted. 
Different operators offer reasons why 
they are using them. The main rea- 
sons given are: The self-contained 
reducer is more efficient, more dur- 
able, and more reliable; use of the 
reducer permits high-speed motors 
to be used and thus enables the engi- 
neer to choose the most efficient and 
economical motor speed while at the 
same time giving him the desired 
machine speed. Also, speed reducers 
have become so well standardized 
that they can be manufactured in 
comparatively large quantities and, 
therefore, produced at an economical 
price. Other reasons advanced were 
the small space occupied, freedom 
from lubrication troubles, adaptabil- 


The use of truck-type switchboards 
is rapidly increasing. 


The top illustration shows a safety. 
truck-type switchboard consisting of 
twenty-one 6,600-volt panels in the 
Woodlawn plant of the Jones & Laugh- 
lin Steel Corp. All equipment includ- 
ing the control station is located on 
these trucks. In the lower left-hand 
illustration is shown a Westinghouse 
truck-type switchboard in a skelp mill. 
This installation consists of 38 trucks 
arranged back-to-back to form a 
double-bus system. All trucks are de- 
signed for 6,600-volt service. The cir- 
cuit breakers on the trucks are remote- 
controlled from a switchboard at the 
other end of the substation. The illus- 
tration at the right shows a close-up 
view of one of the two trucks carrying 
auto-transformers for starting the 
motor-generator sets. 
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ity to exceptionally dirty locations, 
and safety to workmen. 

A two-speed gear drive for rolling 
mill application has been developed 
by the Farrel Foundry & Machine 
Co. and the one shown in the illus- 
tration, at left, on page 254 is used 
by the Latrobe Electric Steel Co. in 
a 10-in. bar mill. It is designed to 
transmit 500 hp. with a motor speed 
of 860 r.p.m. and to give a high speed 
of 275 r.p.m. to the mill and a low 
speed of 165 r.p.m. The desirability 
of a variable-speed drive for a bar 
mill is well understood, and it is 
relatively common to employ for this 
purpose à variable-speed motor. 
Such motors, with the necessary con- 
trol apparatus, are expensive. The 
new gear drive allows the use of a 
standard motor, which can run at a 
relatively high speed. The flywheel 
on the pinion or motor shaft can be 
designed for the high speed of the 
motor instead of for the low speed, 
as is necessary when a variable- 
speed motor is used. This saves ex- 
pense and results in better operating 
conditions, because the flywheel is 
always working at maximum speed 
and, therefore, it is always capable 
of storing or giving out the maxi- 
mum amount of energy in proportion 
to its weight. 

No one type of speed reducer is 
favored to exclusion. One large steel 
plant visited is using many of the 
planetary spur gear type while in the 
plant of a large pipe manufacturer in 
the Chicago district, from 500 to 600 
worm gear speed reducers are in use. 

Lubrication—The tendency regard- 
ing lubrication is more and more 
towards the complete enclosure of 
gears. The best practice is to mount 
the gears in a self-contained gear 
casing, which has both the pinion 
and wheel bearings integral. Pres- 
sure-feed lubrication is also being 
more widely adopted, and with ex- 
cellent results. More care is taken 
in handling and filtering the oil. In 
one of the mills in the Chicago dis- 
trict, an elaborate Bowser oil sys- 
tem has been installed for purifying 
and supplying the oil under pressure 
to the reduction gear units used in 
the strip mill. 

There is an undoubted tendency 
towards the use of more grease lubri- 
cation on many types of drives. On 
the installation of 20 roller-bearing- 
equipped cranes previously men- 
tioned in this article, grease lubri- 
cation is used exclusively, the Ale- 
mite pressure system being employed. 

In connection with a continuous 
bar mill now being erected it is in- 
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teresting to note that all of the bear- 
ings on the main drive motors, re- 
duction gears and lineshafts, as well 
as the motor-generator sets, will be 
arranged for forced-feed oil lubrica- 
tion and each bearing will be 
equipped with a thermostat which 
will be connected to an annunciator. 
When the temperature of any bear- 
ing reaches the danger point, an 
alarm will be sounded and the an- 
nunciator will indicate which bear- 
ing is at fault. 


PROGRESS MADE IN SUBSTATION AND 
DISTRIBUTION SYSTEM DESIGN 


Automatic Substations — Increas- 
ing use of automatic substations in 
the steel mills is one of the trends 
in the use of power equipment in 
this industry. Not only is automatic 
equipment applied to motor-gen- 
erator sets, but also to the control 
of alternating-current and direct- 
current feeders. 

So far there have been 24 equip- 
ments applied to motor-generator 
sets in the steel mills, controlling 
over 16,000 kw. capacity. The 
Youngstown Sheet and Tube Co. 
has recently purchased automatic 
equipment for five synchronous 
motor-generator sets, together with 
automatic equipment for d.c. feeders. 

An automatic substation of espe- 
cial interest was placed in service 
during January at the Homestead 
plant of the Carnegie Steel Co. 
This consists of two 1,500-kw., 250- 
volt, synchronous motor-generator 
sets, with provision for a future set, 
together with the complete automatic 


switching and control for these sets ` 


and for twelve 4,000-amp. feeders. 
This substation supplies power to 
the auxiliaries of the new blooming 
and structural mills, and is located 
in the main motor room which now 
houses two large main drive equip- 
ments, to which in the near future 
will be added seven more large mo- 
tors for the drives. Even in this 
attended substation, it was deemed 
desirable to install automatic equip- 
ment as it was felt that the fewer 
delays in operation would amply pay 
for the higher investment. 
Truck-Type Switching—The use 
of safety-enclosed, removable truck- 
type panels for controlling the main 
a.c. power feeder circuits in steel 
mills is steadily increasing. The 
ease of installation and low cost of 
maintenance, safety to operator and 
attendants in operation, repair and 
inspection, easy replacement of a 
unit when required either on account 
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of a defective unit or for inspection, 
and the complete enclosure of all 
high-tension apparatus, connections 
and buses, are some of the principal 
advantages that are leading steel 
companies to adopt the truck-type 
switchboards. 

One manufacturer alone has sup- 
plied 208 trucks carrying circuit 
breakers ranging in capacity from 
300 to 2,000 amp., and in potentials 
from 2,300 to 12,000 volts. A large 
order recently placed by the Forged 
Steel Wheel Co. includes 41 circuit 
breaker trucks with steel housings’ 
and switchboard panels for the 
control of five synchronous motor- 
generator sets, two flywheel sets for 
main drive, reversing motors, power 
transformers, and several tie and 
feeder circuits to other substations. 

An interesting installation just 
being finished in a mill in the Chi- 
cago district includes nine 2,300- 
volt trucks and four 12,000-volt 
trucks. These are located at one end 
of the substation in which are also 
placed the motors and motor-gen- 
erator sets. No concrete cell struc- 
ture is required, only the steel casing, 
similar to that in the illustrations 
at the bottom of page 256, is needed. 
All of the circuit breakers on these 
trucks are remote-controlled from 
the regular switchboard installation. 

The largest truck-type installation 
that has so far been made consists 
of 38 circuit breakers and two auto- 
transformer trucks and is located in 
the new plant of a pipe manufac- 
turer in the Chicago district. All 
of these trucks are for 6,600-volt 
service. The installation is illus- 
‘trated at the bottom of page 256. 
Inspection will show that it is ar- 
ranged as a double-bus system with 
duplicate switches on each feeder. 
This is for flexibility in switching. 
Two of the trucks have been with- 
drawn from their enclosures so as 
to show the circuit breakers. These 
breakers are remote-controlled from 
a switchboard at the other end of 
the room. 

A recent development in switching 
that will interest many steel mill 
operators is the announcement that 
the Allis-Chalmers Manufacturing 
Co. has secured the exclusive right 
to manufacture the Reyrolle Armor- 
clad Switchgear. This switchgear, 
like the truck-type switchboards, 
eliminates all cell structure for the 
isolation of busbars, transformers, 
disconnects, etc. The switch-house 
resolves itself into a simple shelter 
for the switchgear. All conductors, 
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including the busbars, are enclosed 
within grounded metal coverings. 
These coverings are such as to pre- 
vent the throwing out of flame, or 
hot gases, or the escape of gases in 
quantities and at points where mix- 
ture with the surrounding air might 
result in explosion. 

Power Factor—Power factor con- 
tinues to worry some steel mill op- 
erating men, especially those who 
purchase power. One plant having 
poor power factor has just completed 
a tandem strip mill using the Ward- 
Leonard system with adjustable- 
speed motors. This plant expects to 
improve its power factor by the ad- 
ditional load obtained from the syn- 
chronous motor-generator sets sup- 
plying the adjustable-speed motors. 

A large independent mill in the 
Chicago district that purchases prac- 
tically all of its power, has a power 
factor between 90 and 92 per cent 
lag, because of the five over-excited 
motor-generator sets that it has in 
operation. 

During the past year a static con- 
denser installation of 480 kva., 2,300 
volts, has been made in the Western 
Reserve plant of the Youngstown 
Sheet and Tube Co. We are advised 
that the installation has practically 
paid for itself in 6 mos.’ operation 
by the reduction in purchased power 
bills, and that the operators are very 
much pleased and enthusiastic over 
the success of this equipment. 

Distribution — The distribution 
system used by a large pipe manu- 
facturer in the Chicago district offers 
many features of interest as well as 
methods of saving on the initial in- 
vestment required. At this plant 
there are three voltages that are 
carried through the mill buildings 
for supplying the auxiliary drives 
and the lighting circuits. These are 
250 volts d.c., 220 volts, three phase 
a.c., and 110 volts, single phase, a.c. 
The various mill buildings in this 
plant are arranged in two groups, 
one group containing the skelp mill 
buildings which are arranged side by 
side and the other group containing 
the pipe mill buildings. The pipe 
mill buildings are arranged adjacent 
and parallel to each other, with 
a long aisle extending crosswise 
through the center of all of the 
buildings. The substation for the 
pipe mill buildings and likewise the 
substation for the skelp mill build- 
ings is located at a centfal point in 
each group of buildings and adjacent 
to the aisle extending crosswise 
through the buildings. Instead of 
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running cables from the switch- 
boards in the substation to the 
various mill buildings, the following 
scheme was adopted: 

Busbars are used to carry the 250- 
volt d.c. and 220-volt a.c. power from 
the switchboard in the substation 
through the basement to the central 
aisle and up the wall of the central 
aisle to a point just even with the 
eaves of the building. These buses 
are arranged vertically one over the 
other, each bus being supported by a 
horizontal busbar support and braced 
on top and below by a busbar in- 
sulated spacer. This method of 
mounting holds the buses together 
rigidly; also, the use of the busbars 
provides the heavy carrying capacity 
required. At the eaves of the build- 
ing, at the end of the busbars, 
rubber-insulated cables are con- 
nected and are carried both ways 
along the central aisle to the various 
mill buildings. These cables are car- 
ried on porcelain insulators and 
fastened to the roof trusses. 
the cables are above the crane run- 
way, it is impossible for anything 
to come in contact with them. 

This open construction was fa- 
vored, first, because it was a less 
expensive form of construction; sec- 
ond, the cables are protected for they 
are up near the roof where nothing 
could strike them; third, it provides 
the most flexible arrangement for 
making taps to any desired point in 


Spare sheet mill rolls are kept hot 
for emergency use. 


The spare rolls are kept in the rack 
as shown. An electric roll heater is 


clamped around each pair of rolls as 
shown at each end of the rack. Power 
is kept on the heater continuously so 
as to keep the rolls ready for imme- 
immediate use. This installation is in 
the plant of the International Nickel 
Co., Huntington, W. Va. 


As 
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the building; and fourth, it is ac- 
cessible for repairs or alterations. 
Taps for these cables are run to 
balconies placed in each mill build- 
ing in which are located a distribu- 
tion switchboard and a transformer 
for transforming 220 to 110 volts 
for lighting. From the distribution 
panels, cables are again carried up 
to the roof trusses and through the 
length of the particular mill building 
in which the control balcony is lo- 
cated, from which taps to the va- 
rious individual machines are made. 
These tap circuits are carried in 
conduits from a point level with the 
eaves of the building to the par- 
ticular machine which is to be 
driven. Also, all circuits coming 
from the main feeder cable to the 
distribution panel in the balcony and 
back up to the individual mill cir- 
cuits, are carried in conduit. In 
other words, conduit was used for all 
wiring below the level of the build- 
ing eaves. 

Each individual drive motor has 
a totally-enclosed circuit breaker lo- 
cated near it, thereby providing 
adequate protection to the feeders at 
the motor ends. 

An interesting method of instal- 
ling and wiring the general lighting 
in the mill buildings of this plant 
is used. Messenger cables were 
strung lengthwise on each side of 
the roof of the building and the 
lamps are suspended from the mes- 
sengers. This allows the use of 
whatever spacing between them is 
desired. These messengers are hung 
from the roof trusses and hold the 
lamps above the cranes that pass 
beneath. The flexibility of the mes- 
senger wires provides whatever 
shock absorption might be necessary. 
The wiring for the lamps is carried 
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in open work on the roof trusses 
which makes the wiring very simple 
indeed. Access to the lamps for 
cleaning is obtained by standing on 
the bridge walkway of the cranes. 


IMPROVEMENTS MADE IN YARD 
TRANSPORTATION SYSTEMS 


Ever since railroads have been 
used in steel mill yards as the back- 
bone of the mill transportation sys- 
tem, the steam locomotive has been 
the accepted form of motive power. 
However, its wastefulness for switch- 
ing service has long been recognized 
and many schemes have been used to 
overcome this wastefulness and 
high maintenance cost. 

Many operators are showing con- 
siderable interest in yard electrifica- 
tion and some progress has been 
made. The Edgar Thompson Works 
of the Carnegie Steel Co. has re- 
cently purchased an 80-ton electric 
locomotive for moving hot metal from 
the blast furnaces to the mixer and 
steel plant. Power at 250 volts, d.c. 
is supplied by a double, third-rail 
system. Collectors are mounted at 
each of the four corners of the loco- 
motive so that one or more will 
always be in contact with the third 
rails when passing over crossings, 
switches, and the like. 

The Duquesne plant of the 
Carnegie Steel Co. is putting into 
service a 25-ton, storage-battery 
locomotive which is to be used by 
the Electrical Department in trans- 
ferring motor armatures and other 
apparatus requiring shop repairs, to 
and from the electrical repair shop. 
Four storage-battery locomotives are 
used on the narrow gage railroad 
system in the plant of a large pipe 
manufacturer whose mill is located 
in the Chicago district. 

Considerable interest has been ex- 
pressed in the possibilities of the 
new oil-electric locomotives for in- 
dustrial and steel plant switching 
service. Briefly, in these locomotives 
an internal-combustion oil engine, 
using low-grade fuel oil, drives an 
electric generator which furnishes 
power to electric motors geared to 
the axles of the driving wheels. The 
advantages are much more economi- 
cal and speedier operation, and ab- 
sence of noise and smoke. These 
locomotives are a joint development 
of the American Locomotive Co., 
Ingersoll-Rand Co., and General 
Electric Co. 

In comparing steam and oil-elec- 
trie locomotives for industrial and 
steel plant service, it is said that in- 


INDUSTRIAL ENGINEER 


dustrial plants are not generally 
equipped with shops and facilities for 
the convenient and economical repair 
of locomotives. In consequefice, the 
maintenance of steam locomotives is 
higher than would be the cost of the 
same locomotives on steam railroads. 
In industrial plants the switching 
service is frequently intermittent, 
even more so than in large steam 
railway terminals. In all cases of 
intermittent service, it is a fact that 
the steam locomotive is using fuel 
during all of the period when the 
steam pressure is kept up. On the 
other hand, the oil-engine locomotive 
uses fuel only during the period 
when it is exerting power, and only 
in proportion to the power used. As 
a consequence, the more intermittent 
the service, the greater is the advan- 
tage of using an internal-combustion 
type of engine in the power plant. 


TENDENCIES IN USE OF ELECTRIC 
HEAT IN STEEL MILLS 


Developments in the use of electric 
heat in the steel industry are not at 
a standstill. On the contrary new 
applications and refinements in for- 
mer applications are constantly being 
made. 

Early last year there was installed 
at the plant of the International 
Nickel Co., Huntington, West Vir- 
ginia, equipment for heating the 
tops of ingots, primarily Monel metal 
and nickel. Before using this equip- 
ment, 3,800 Ib. of metal were poured 
to obtain a 3,000-Ib. ingot, the waste 
averaging 20 to 30 per cent. Now 
3,250 Ib. of metal are poured and 85 
per cent of the ingots are used with 
very little cropping, while a large 
proportion of the remaining 15 per 
cent is worked into commercial 
products. 

Previous to the use of this method, 
it was necessary to cast ‘the ingot 
with a head 18 in. long and weighing 
approximately 800 Ib., the purpose 
of which was to take care of gas 
holes and pipes. Of course, it was 
necessary to saw off the head and 
return it to the furnace for melting. 
By the new method an electric are 
applied to the top of the ingot keeps 
the metal at the top hot while the 
bottom and sides are cooling. The 
hot metal at the top is thus available 
to fill up any holes caused by shrink- 
age. Considerable success has at- 
tended the use of this method on 
Monel metal and nickel ingots and 
it may have possibilities on ferrous 
metal ingots. 

Roll Heaters—The use of electric 
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roll heaters in sheet mills is showing 
a large increase. Since September 
1, 1925, 45 equipments have been 
sold. An interesting installation has 
been made at the Monel metal sheet 
mill of the International Nickel Co. 
With the methods of heating the rolls 
formerly used, it was necessary to 
roll steel sheets for more than one 
turn so as to get the mill warmed 
up and in proper condition to start 
rolling Monel sheets. This was re- 
quired because Monel metal is too 
expensive a material to waste in get- 
ting the mill into condition for op- 
eration. It was, therefore, necessary 
to purchase steel bars and manufac- 
ture second-grade sheets in condition- 
ing the mill. By using the roll 
heaters it is necessary to roll only 
two or three steel bars before going 
into production on the Monel metal 
sheets. The resultant saving is, 
therefore, considerable. 

Some mills have fitted up racks to 
hold spare rolls in such a manner 
that a roll heater may be used to 
keep them hot and ready for imme- 
diate use in case it should be neces- 
sary to replace a set of rolls on 
account of breakage or wear. Such 
an installation is shown at the bot- 
tom of page 258. 

Arc Furnaces—Installation is now 
being made of the first three-voltage 
control of arc melting furnaces. 
These equipments are to be used on 
6-ton, three-electrode furnaces. 

Each equipment consists of a 
2,550-kva. bank of transformers 
which will deliver full output at 165, 
156 or 147 volts and at lower capac- 
ity at 138, 120, 95, 90, 85, 80 or 70 
volts. In operation the melter will 
have a choice of several voltages to 
start the heating, probably using 
2,550 kva. at 165 or 156 volts, 2,400 
kva. at 138 volts for the intermediate 
voltage and a still lower kva. at the 
refining voltage, probably 85 or 90 
volts, depending upon the furnace 
requirements. 

By using this equipment it is ex- 
pected that considerable economies 
will be effected in furnace operation, 
especially from the standpoint of the 
life of the side walls and roof, to- 
gether with possible reduction in 
electrode consumption. 

In addition to these three equip- 
ments which were installed by the 
Halcomb Steel Co., four other equip- 
ments of this type have been 
sold, and it is expected that three- 
voltage operation will become the ac- 
cepted method of operating arc fur- 
naces taking 2,000 kva. and above. 
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Operating results obtained by use of 


Anti-Friction Bearings 
on Steel Mill Motors 


together with a discussion of the various factors that 
were considered in applying them to all bearings on 
thirty-two traveling cranes 


By A. G. PLACE 
Electrical Engineer, Youngstown Sheet 
E Tube Company, Youngstown, Ohio 

N THE manufacture of rolled 
I steel products from iron ore, the 

product is never touched by hu- 
man hands until it nears the finished 
stage. Throughout the manufac- 
turing process it is handled entirely 
by machines which are universally 
driven by electric motors. These 
motors have to run 24 hr. per day, 
and delays on them must be elim- 
inated. In our experience, the most 
valuable and interesting step in 
eliminating these delays has resulted 
from the use of roller bearings in 
these motors. 


Early in 1918, our first successful 
roller bearing installation was made 
in the East Youngstown plant of 
the Youngstown Sheet & Tube Com- 
pany by L. J. Hess, at the time chief 
electrician of the East Youngstown 
plant, and consisted of two sets of 
roller bearings in two mill-type mo- 
tors on the bridge motion of a hot 
metal crane in a mixer building of 
a Bessemer plant. This is one of 
the worst locations in the mill for 
electrical equipment, because when 
hot iron from the blast furnaces is 
poured into the mixers, flakes of 
graphite and iron float in the air 
and cover everything in the building. 
These flakes are abrasive and also 
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This 15-ton crane is completely 
equipped with roller bearings. 


It is one of a total of 32 cranes so 
equipped. Inspection will show the 
character of housings used to enclose 
the roller bearings on the lineshaft, 
motors, and hoist countershafts. Note 
the method of locking and enclosing 
the roller bearings on the trolley axles. 
All of these bearings are lubricated 
with grease and are filled through 
pressure fittings such as shown on the 
5 of the bridge motor bearmg in the 
left foreground. 


conduct electricity so that they are a 
prolific source of trouble. 

The main reason for trying out 
these bearings was the possibility 
that roller bearings might eliminate 
bearing wear, bearing failures, and 
electrical failures due to oil pen- 
etrating the mica on the commutator 
and to oil on the windings. This 
trial installation was a marked suc- 
cess. Previously on this drive a 
4-mos, run on babbitt bearings was 
considered to be very good, while 
frequent armature changes, broken 
bands, and flat spots on the com- 
mutator were the rule. When the 
roller bearings were installed, the 
armature was in poor shape and had 
an estimated life of 3 mos. if babbitt 
bearings were used. It ran on roller 
bearings for 9 mos. and after the 
armature was rewound and a new 
commutator installed, the motor has 
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run since then without further 
trouble. 


EXCELLENT RESULTS OBTAINED FROM 
TRIAL INSTALLATION 


The excellent results obtained 
from this trial installation led to 
applications of roller bearings in 
other locations, such as reversing 
tables handling heavy ingots in the 
blooming mills, soaking pit cranes, 
screw-downs, and other locations 
where motors were hard to maintain. 
These first bearings were all applied 
to mill-type motors running at slow 
speeds, from 450 to 900 r.p.m., most 
of them having a pinion mounted on 
the armature shaft as shown in the 
illustration on page 262, although 
some drives were direct-connected. 

The results obtained were excep- 
tionally good. Oil was no longer 
deposited on the commutator and 
failures of the mica V-rings and seg- 
ments decreased to a minimum. 
Failures due to oil-soaked windings 
were eliminated. With the armature 
always running in the center and 
with no low bearings, the field flux 
and air gap were uniform around 
the armature circumference. No 
trouble was experienced from 
grounds burning the roller bearings. 
It was no longer necessary to use 
“feelers” every Friday to determine 
what low bearings should be changed 
on Sunday. 

The results obtained from the use 
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The lineshaft driving the bridge 
track wheels is also equipped with 
roller bearings. 

This 15-ton crane is in the hot mill 
building of a sheet mill. It will be 


subjected to the usual severe steel 
mill service. 
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Roller bearings are used in the 
axle bearings of the bridge. 


The illustration shows the method of 
enclosing the roller bearings. The fit- 
ting for grease lubrication can also be 
seen on the side of the housing. Note 
the use of the electro-magnetic sander 
shown in the right foreground, and 
also the crane warning lights in the 
left foreground. These warning lights 
are placed at the four corners of the 
crane. 


of these roller bearings showed con- 
clusively that maintenance costs can 
be substantially reduced, and conse- 
quently we have put large numbers 
of anti-friction bearings in service. 

The first bearings were equipped 
with thrust plates, so that the end 
thrust would bear against rollers set 
in the plates, and all the shafts were 
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heat treated. After the bearings 
had been in service for some little 
time, it was found that the thrust 
plates were not needed to take care 
of end thrust and hence they were 
omitted. Also, it was found that 
heat-treated shafts were unneces- 
sary, and these have been abandoned. 


ROLLER BEARING INSTALLATION 
DONE ONLY IN SHOP 


In order to make sure that the 
bearings would go into immediate 
service without any trouble, all 
installation work is done in the shop 
and each motor is given a 3-hr. test 
run at high speed before it leaves 
the shop. It has been found desir- 
able to give the armatures sufficient 
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end play and accordingly the side 
clearances have been increased. Only 
one kind of grease is used in all 
roller bearings and care is taken not 
to fill the bearing too full of grease. 
A bearing about one-third full will 
run cool, but a full bearing will 
heat up. In determining the sizes 
of bearings that should be employed 
on a given application, we have 
used a large enough factor of safety 
with the result that no failures have 
occurred from using sizes too light 
for the duty required. The bearings 
used have consequently given satis- 
factory service. 

The satisfactory results obtained 
have proved that inspection labor 
can be cut down materially in addi- 
tion to the savings resulting from 
the following items: 

(1) Reduced number of rewinds 
caused by oil-soaked armatures. 

(2) Reduced lubricating expense. 

(3) Reduced repair and shop labor 
on bearing renewals. 

(4) Less oil and grease on rolled 
products. 

(5) Less power consumption. 

(6) Reduced inventory of spare 
commutators and coils. 

After calculating the above sav- 
ings, it was determined that a sub- 
stantial return exists on the invest- 
ment cost required to equip all new 
motors with roller bearings. This 
added investment cost is approxi- 
mately ten per cent extra per motor. 
Accordingly, practically all new mo- 
tors have been purchased with roller 
bearings. 

Roller bearings have been used in 
our plants in other application than 
on electric motors. Ingot cars and 
coal mine cars have been so equipped 
for several years. As a result of 
the service obtained, the manage- 
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ment decided to equip completely 32 
electric overhead traveling cranes 
with roller bearings throughout. 
The illustration on page 261 shows 
the general type of cranes on which 
the roller bearings are installed. 

In applying these bearings, a great 
deal of attention in co-operation 
with the crane builders was paid to 
the following details: 

The bearings on the trolley side 
frames are enclosed in housings and 
the housings in turn have a spherical 
seat in the trolley frame casting, in 
order to prevent strain on the bear- 
ings when the trolley loosens up 
after continued service. This may 
not prove necessary but was adopted 
after tests and observations on 
present heavy-duty crane trolleys. 
End thrust on the bearings was 
allowed for in all cases. 

The roller bearing diameter on the 
bridge lineshafts had to be in Eng- 
lish inches instead of in the metric 
dimensions of the recently adopted 
standard for roller bearings, in 
order to permit the use of cold-rolled 
shafting on the long lineshafting, 
which is made up in diameters based 
on the English system of measure- 
ment. 

The back or axle shaft bearings 
on the motors are equipped with 
roller bearings, each incased in a 


The motor shown in this applica- 
tion has roller bearings on its 
armature shaft. 


The illustration at the right gives 
some idea of the service conditions 
under which the motor operates. The 
drive is located in a pit at one end of 
the blooming mill soaking pits. The 
motor drives a sheave wheel through 
two gear reductions, which pulls a 
cable that draws an ingot buggy 
carrying ingots from the soaking pits 
to the mill approach table. The drive 
is subjected to plugging and some- 
times to “inching’’ the buggy for 
* spotting. 
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housing which is carried mounted 
on the shaft. These housings are 
advisable in order to keep the dirt 
and steel dust out of the bearings 
in case a shaft has to be changed. 
A spare shaft can be carried with 
the housings and bearings already 
mounted. 

The sheaves on the hook blocks 
are equipped with roller bearings on 
some cranes, but not on all. The 
large pin diameters on blocks of over 
15 tons capacity make it necessary 
to use such large diameter roller 
bearings that the cost runs up 
beyond the economical point on 
these particular bearings. ; 

Most of the cranes have just been 
erected and started up, hence it is 
too soon to make any statement 
regarding the operating results. 

There are other applications in 
steel mills where it may be possible 
to secure savings by using roller 
bearings and several such applica- 
tions are now being investigated. In 
applying roller bearings to any steel 
mill work there are two important 
factors that must be given considera- 
tions: (1) Whether or not it is pos- 
sible to make a saving sufficient to 
justify the extra investment re- 
quired; and (2) whether or not the 
machinery can be designed with 
roller bearings and be absolutely 
correct in design so that it can be 
depended on for continuous operation. 

In general, it may be said that 
we have found anti-friction bearings 
on electric motors to be a remarkably 
good investment. It is not at all 


surprising that this is the case, when 
it is considered that motors are very 
expensive, and that for 10 per cent 
additional cost they can be insured 
against failures which require ex- 
pensive repairs. 
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Arc Welding in Plant 


Maintenance 


Work 


including the procedure followed and the savings in 
time and money that have resulted from the use of 
this process in repair and new construction work 


By F. A. HAGEDORN 


Assistant General Superintendent, Coke 
Ovens, South Chicago Plant, 
By-Products Coke Corp., 
Chicago, Ill. 


HEN we added an electric 
W arc welding unit to the 
equipment of the Main- 
tenance Department some doubt 
existed as to whether there would 
be enough work to keep it busy and 
make it earn on the investment. Now 
we are wondering how we ever got 
along without it. 

The South Chicago plant of the 
By-Products Coke Corporation covers 
110 acres, contains 330 ovens, a coal 
unloading dock, several miles of con- 


veyor systems, a power plant, and 
numerous tanks, pipe lines, and 
other equipment necessary in the 
processes we employ. The manufac- 
ture of coke and gas is a continuous 
process and the plant does not stop 
even for holidays. 

Because continuous operation is of 
such prime importance it is essential 
that we maintain every possible 
facility for making the repairs or 
alterations necessary to keep the 
plant going. On the other hand, the 
hot gases and liquors, as well as the 
abrasive coal and coke dust, are 
most destructive to the plant equip- 
ment. This necessitates a large 
amount of renewal of broken and 
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When not required outside the are 
welder unit is kept near the cur- 
tained enclosure. 


This is a portable, 300-amp. Lincoln 
arc welder. It is plugged into the 
receptacle on the wall through a 150-ft. 
Tirex extra-heavy rubber cord. The 
150-ft. cord is long enough so that 
welding may be done almost anywhere 
in the shop without moving the ma- 
chine. The welding bench and cabinet 
are shown in the background. The pre- 
heating furnace is connected up with 
gas and air lines and is used for all 
castings which must be preheated be- 
fore welding. The large cast sheave 
wheel at the right belongs to a clam- 
shell bucket, and was brought to the 
shop to have the broken sheave welded. 


worn parts of the equipment or 
structure. We are using our acety- 
lene and arc welding units together 
on this work, and every day are find- 
ing new uses for them. At present, 
whenever a large or small repair or 
construction job becomes necessary, 
practically the first consideration is 
to see whether a welding or cutting 
set can be used in the work. 

The acetylene outfit had been in 
the plant for several years before we 
installed the arc welder. At present 
we have 11 Oxweld (Oxweld Acety- 
lene Company, New York, N. Y.) 
sets for maintenance work. All sets 
are portable and consist of an oxygen 
and an acetylene cylinder mounted 
on a hand truck with a torch and 
gas and air hose. These sets are 
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Three other examples of construc- 
tion work made in the shop. 


‘The sections of pipe on the bench are 
to be part of a return bend. The bent 
angle-iron frames on the bench are 
used to bolt the sections together while 
arc-welding. These sections were cut 
out of old pipe with the torch. The 
shop horse and the portable forge are 
other examples of arc-welding jobs. 


a 


taken anywhere in the plant as 
necessary. 

The arc welder is a 300-amp., type 
FKW-FKW Lincoln (Lincoln Elec- 
tric Company, Cleveland, Ohio) 
portable, motor-generator set. Re- 
ceptacles are located at many places 
around the plant to tap this outfit 
into the 250-volt, direct-current dis- 
tribution system. Frequently it is 
necessary to take the set outdoors. 
One of the first things we did’ was to 
build a steel housing over the set to 
protect it from the weather. On one 
of our first big welding repair jobs 
the arc welder remained outside for 
three or four weeks. . 

All connections to the arc welder 
are made with Tirex (Simplex Wire 
& Cable Company, Boston, Mass.) 
heavy rubber portable cord. There 
are 150 ft. of this cord connecting 
the welder to the electrode holder, 
75 ft. to the ground, and 50 ft. from 
the receptacle to the machine. 

Our basis of dividing the work 
between the arc and acetylene out- 
fits may be interesting to others. 
Cast iron and all jobs which require 
preheating are welded with an 
acetylene outfit; also, a considerable 
amount of cutting is done, as will be 
described later. In addition, many 
of the smaller welding jobs which 
cannot easily be brought into the 
shop are acetylene-welded because 
the portable gas units are smaller 
and more easily moved. 

Practically all steel welding, ex- 
cept the small jobs which are done 
around the plant without dismantling 
the equipment, is performed by the 
arc unit. In some cases both gas 
and electric outfits are used. 

We have one experienced man 
capable of performing any necessary 
welding with either the gas or arc 
units, and another who is breaking 
in and can do many of the simpler 
jobs. 

In all of our welding or repair 
work we keep two primary consid- 
erations in mind: the welds must be 
substantial and the work must in- 
terfere as little as possible with the 
continuous operation of the plant. 
Appearance of the weld is not in 
our case so important as it is in 
some other industries; however, the 
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welder takes enough pride to do neat 
work. Also, we do not sacrifice re- 
liability to save a little in time or 
material. 

Two large welding jobs stand out 
above the others so prominently be- 
cause of their size and importance 
that they deserve first mention. One 
of these consisted of about 400 ft. 
of heavy welding on a gas collector 
main, and the other was the construc- 
tion of a large seal. 

The hot gas and liquors in the gas 
collector main, which extends across 
the top of each battery of 40 ovens, 
corrode the baffle plates which dip 
down into the liquor and make a seal. 
These plates have to be renewed 
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periodically. The former method 
consisted in stopping coke-making on 
the entire battery of 40 ovens, and 
then cutting out the old rivets and 
riveting in a new plate. This work 
was pushed as rapidly as possible, 
but usually required about 10 days. 
The loss of 10 days’ production 
every five or six years is a big item 
of expense and amounted to more 
than the cost of the repair. 

Shortly after installing the arc 
welder we conceived the idea of re- 
placing the baffle plate by welding, 
and without stopping the operation 
of the ovens. How this was done is 
best shown by reference to the illus- 
tration on page 265. The row of 
rivets just above the arrow indicates 
the previous method of fastening the 
baffle plate which can be seen 
through the open inspection door. 
The metal doors and the framework 
covering the trough were corroded 
so badly that they had to be replaced 


ee 


This shows the welding bench and 
cabinet, with examples of work 
done. 


This bench and supply cabinet are en- 
closed with a heavy canvas curtain. 
The welder has just finished building 
up a large gear guard by welding steel 
plates together. The floor grating 
leaning against the window was arc- 
welded together by one man in less 
than half the time that would be re- 
quired by two men to rivet it. The 
other piece on the bench is a special 
replacement part. 


so 
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This large seal is a good example 
of the type of work on which weld- 
ing may be used. 


This seal is made from two pieces of 
30-in. heavy riveted pipe, four flanges 
cut out of l-in. plate and welded on, 
and a box welded from @-in. plate. 
On the inside of each end of the seal, 
pieces of 12-in. pipe are welded onto 

the lower side of the 30-in. pipe and 
extend down almost to the bottom of 
the seal. A steel plate between the 
flanges closes the 30-in. pipe in the 
center to prevent gas passing. The 
liquors are forced down into one side 
of the seal, up the other side, and 
withdrawn. The flanges and pipe 
were all cut with the acetylene torch 
and arc-welded together. 


also. New covers were made up, the 
old metal cut out, and the new 
parts welded in position. The weld 
is indicated by the heavy deposit of 
metal which serves as a fillet to bind 
the new cover plate to the gas col- 
lector main. The old baffle plate 
was then cut off and the new one 
bolted on, as shown by the row of 
bolts just below the arrow, in the 
illustration below. 

This work was done in sections 
and required between three and four 
weeks. However, the battery of 
ovens was in continuous operation 
all the time. The gas in this collec- 
tor main is under very low pressure. 
While the work was carried on a man 
was stationed at a regulating valve 
to keep the pressure as low as pos- 
sible. Pails of sand were kept 
within reach to smother out the few 
fires that were started by the weld- 
ing or cutting units. 

This repair was made a year ago 
and is standing up very well. A big 
advantage, in addition to not having 
to stop the operation of the ovens, is 
that the next time the baffle plates 
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have to be changed it can be done by 
taking out the row of bolts and fas- 
tening on a new plate. If any part 
of the wall corrodes, either the sur- 
face can be built up or another piece 
of metal may be tack-welded down 
over it. In our opinion the new ar- 
rangement is much better than the 
old. The comparative costs of labor 
and material in making this repair 
in the old and new ways are in the 
ratio of about 4 to 1. This compari- 
son does not take into account the 
big advantage of being able to op- 
erate the ovens while making the 
repair. À 

The gas collector main on a second 
battery of 40 ovens was welded in a 
similar manner shortly afterward. 
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These two jobs totaled about 400 ft. 

The other large welding job was 
performed on the seal box shown in 
the illustration on this page. This 
has just been completed and placed 
in position. This box was made up 
completely by cutting and welding 
and had to be of exact length to fit 
into the section of the line which it 
replaced. 

This seal consists of two pieces of 
30-in. steel pipe each about 42 in. 
long. These were cut to length with 
the torch. The four flanges were 
cut from l-in. steel plate with the 
torch and arc-welded on. The align- 
ment of the bolt holes had to be per- 
fect. A piece of sheet steel fits in 
between the center pair of flanges 
and prevents the passage of the gas. 
The liquors enter from one end and 
pass down into the seal through a 
12-in. opening and pipe extending 
down into the seal, and on out 
through a similar opening and pipe 
extension in the other end of the 


This and a companion job required 
400 ft. of arc welding. 


This is the seal on the gas collector 
main: it is mounted above and extends 
the entire length of a battery of 40 
ovens, a distance of about 200 ft. 
Formerly it was necessary every five 
or six years to stop coke-making for 
about 10 days to replace the corroded 
baffe plates, which extend several 
inches down into the liquors. The 
baffle, which may be seen through the 
open door, was formerly riveted on; 
the longitudinal row of rivets holding 
this is shown beside the arrow. About 
a year ago entire new covers and 
doors to the seal were welded on at 
the seam indicated by the arrow. The 
new baffle plates are bolted onto this 
cover as indicated by the row of bolts 
and can be replaced or tightened up 
at any time. Four or five men did 
the necessary welding, without inter- 
fering with the operation of the ovens, 
and at one-sixth the former cost for 
labor and material. 
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seal. Thus the liquors pass on and 
the gas is retained. This box part 
of the seal was made up from steel 
plates arc-welded together. The 
straight edges of the -in. steel plate 
forming the box were sheared true. 
The curved saddle fitting onto the 
30-in. pipe was cut out with the 
torch. The plates in the seal were 
welded up in the shop in two days. 
The cutting and welding of the pipe 
sections took longer. 

The cost was considerably lower, I 
believe, than would have been the 
case with any other way of making 
this seal. We expect to make others 
as necessary. Corroded plates may 
be repaired by building up metal on 
the outside or by tack-welding a 
plate over the thin metal. 

Arc welding requires clean metal 
and a clean surface, neither of which 
are provided for in most of the 
necessary repairs around a coke 
plant. Frequently we use the acety- 
lene torch to clean up the metal, and 
then weld on a patch with the arc. 

Another large job which repre- 
sented not only a considerable saving 
in money but, what was more im- 
portant, reduced the time out of 
service from several weeks to a few 
days, was the welding of the man- 
ganese-steel bowl shoe or biter 
strap on a 6-ton clamshell coal 
bucket. This was broken in sev- 
eral places and a new shoe would 
have cost about $500, while several 
weeks would have been required for 
delivery. Upon hearing this from 
the manufacturer we decided to try 
arc welding. Manganese-steel weld- 
ing rods were used and the bucket 
was soon back in service. Estimat- 


ing $15 or $20, which are ample 
figures, as the cost of the welding, 
the saving on this job totaled $480 
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Quantities of 
Electrodes Used Monthly 


100 lb. z-in. Are Carbox 
50 lb. -in. Are Carbox 
50 lb. -in. Are Carbox 
(Central Steel & Wire Co., Chicago, III.) 


25 lb. sin. iron rod 
50 lb. ł-in. iron rod 
10 lb. 4-in. iron rod 
10 lb. ł-in. steel rod 
10 lb. 4-in. cast-iron rod 


(Oxweld-Actylene Co., New York, N. Y.) 
10 lb. E-Z Welding Compound 


(Anti-Borax Compound Co., Fort 
Wayne, Ind.) 


Miscellaneous Supplies Used in 
Small Quantities 


h-in. Nickel steel 
-in. Nickel steel 
3-in. Nickel steel 
zin. Manganese steel 
ruin. Lynite aluminum 
j-in. Lynite aluminum 
z-in. Tobin bronze 


or more. The cost of the freight on 
a new shoe and the loss caused by 
the bucket being out of service for 
the several weeks would probably 
have amounted to as much more. 
While these three jobs may be con- 
sidered as the high lights of our ex- 
perience in welding they actually 
represent only a small part of the 


Both gas and electric units are 
often used on a repair job. 


A large proportion of the metal cut- 
ting is done with the gas torch. Most 
of the steel is welded with the arc. 
This illustration shows one of the port- 
able gas sets. This special gasoline 
industrial truck is being rebuilt, 
largely by cutting it apart with the 
torch and then welding in new parts. 
The bends indicated at A were made 
by cutting a slot through the metal 
(except for about 3 in. at each edge) 
where the bend was to be made. After 
making the bend cold the slot was 
filled in with the are. The collar B 
was made from a curved steel strap, 
arc-welded on. The other pieces on the 
floor were also cut to shape with the 
torch and arc-welded. 
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work. Much of the welding consists 
of miscellaneous little jobs some of 
which represent repair or broken 
parts; others are new construction. 

It is, of course, almost impossible 
to list the welding jobs handled in 
any given time. A few representa- 
tive jobs, however, are of interest. 

Most of the motors in the plant 
are connected up through gear 
drives. The heavy shock loads, such 
as starting conveyors and other 
heavy equipment, loosen up the key- 
ways in the shaft. In such cases, the 
old, worn keyway is filled in by arc 
welding, the ridge of surplus metal 
turned down in a lathe, and a new 
keyway cut in the shaft. This makes 
it practically as good as new and the 
operation may be repeated whenever 
necessary. During the course of a 
year we salvage a number of motor 
shafts by welding in this way. 

Also, we frequently find it neces- 
sary to build up the diameter of a 
shaft by arc welding. In another 
case a 30-in. cast-steel gear with a 
5-in. face was salvaged by arc weld- 
ing in a few new teeth. A new gear 
would have cost $100 or more. 

We use a considerable amount of 
steel floor grating. As changes are 
made in the plant gratings of spe- 
cial sizes or shapes are required. To 
get these quickly, we purchase the 
steel straps already bent and punched 
and formerly had been riveting or 
bolting these together as necessary. 
Now the bent straps are assembled 
and clamped together in position and 
arc-welded on both sides. Welding 
requires less than half the time for- 
merly taken by two men to rivet or 
bolt the strap together. One man 
alone can weld them. 

Much of the new structural work 
about the plant is being arc-welded 
as it is quicker and cheaper, we be- 
lieve, than riveting. Practically all 
old structural work is cut out with 
a torch. So far, however, we have 
not tried welding up any pipe lines. 

Due to the abrasive action of the 
coal or coke dust the steel conveyor 
pulleys wear rapidly. These are re- 
paired in the shop by bending a new 
steel plate around them and welding 
up the seam and ends. 

Another job of considerable size 
consisted in cutting the feed pipes be- 
tween the bunkers and the stokers 
in our power plant and rewelding 
them at a different angle. The cut- 
ting and trimming were done with 
the gas torch and the welding by the 
electric arc. 

(Please turn to page 271) 
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Operating Characteristics 
of Crossed-Belt Drives 


as determined by a series of tests, with particular 
reference to the minimum center distances which 
can be used in laying out such drives 


tics of belt drives under various 

operating conditions, The Leather 
Belting Exchange Foundation has 
been conducting tests on leather 
belts under different services. Pre- 
vious tests have been made and re- 
ported on horizontal belt drives to 
determine the effect of diameter and 
ratio of pulleys, center distance, high 
belt speed and the use of the gravity 
idler. The results obtained were 
published* in the June, 1925, issue 
of INDUSTRIAL ENGINEER in the 
form of curves and tables that gave 
the power which belts of various 
weights are able to transmit at dif- 
ferent speeds, with the correction 
factors which indicate the necessary 
allowances to be made when laying 
out the types of drives mentioned 
above. 

Another article* in the April, 
1926, issue of INDUSTRIAL ENGINEER 
contained added information and 
data on the relative power transmit- 
ting capacities of horizontal and 
angular leather belt drives. The 
method of applying the data obtained 
in the second of this series of tests 
with the data which appeared in the 
first article is also explained. 

Additional studies have been made 
recently upon crossed belt drives to 
determine the characteristics of the 
drive and, if possible, indicate meth- 
ods of utilizing this resultant infor- 
mation in establishing methods of 
laying out such drives. 

The 100-hp., laboratory belt-test- 
ing apparatus of The Leather Belt- 
ing Exchange Foundation was used 
for this work. As this equipment 
has been described in previous 
articles no description is necessary 
here except to point out that the 
equipment readily lends itself with- 
out changes to crossed belt tests be- 


J. THE study of the characteris- 


Readers who do not have copies of the 
June, 1925, and April, 1926, issues of IN- 
DUSTRIAL ENGINEER on file may obtain the 
information on which these previous arti- 
cles by Mr. Jones were based by request- 
ing Reports R-13 and R-14 from The 
Leather Belting Exchange, 417 Forrest 
Building, Philadelphia, Pa. 


By R. F. JONES 


Research Engineer, The Leather Belting 
Exchange Foundation, Cornell 
University, Ithaca, N. F. 


cause either the driving or driven 
unit may be run in either direction. 
Measurements of the torque, revolu- 
tions per minute, belt slip, total ten- 
sion on both strands of the belt, arc 
of contact on either pulley, and cen- 
ter distance may be taken with this 
apparatus. 

The present experimental work 
naturally divided itself into two 
parts. First, transmission tests to 
determine the power transmitting 
capacity of crossed belts compared 
with normal belts; and, second, ex- 
periments using various combina- 
tions of pulleys, at various center 
distances, to find out how these fac- 
tors affect the operation of crossed 
belts. A common trouble with 
crossed belts is running off the pul- 
ley when under load, which is often 
prevented by mechanical means such 
as a shifter fork. This practice is 
obviously detrimental to the belt. 
Therefore, the principal object of the 


second part of these tests was to de- 


termine the limiting conditions of 
pulley diameter and center distance 
which, if exceeded, would cause the 
belt to run off. 

The experiments were started with 
two 6-in. belts, Nos. 1 and 2, the 
former having a buffed grain surface 
for low-capacity work, and the latter, 
a normal, high-capacity grain sur- 
face. Later other tests were made 
on two 4-in. belts, No. 3, a light 
double and No. 4, a heavy double belt, 
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both of which had a normal grain 
surface. The double belts had been 
used in other experiments, and 
therefore required little running in. 
The dimensions of these four belts 
are given in Table I. 

Belt No. 1 was carefully run in un- 
til it gave promise of giving uniform 
results. Capacity tests were then 
made on standard 24-in. pulleys at 
3,000 f.p.m. to compare the crossed 
and the normal open drive. A 
buffed belt was used because a more 
constant frictional condition can be 
maintained with this type of belt 
surface. After making a few experi- 
ments to determine some of the 
characteristics of the crossed drive, 
another comparison between the two 
drives was made, using a 9-in. driver 
and a 36-in. driven pulley at a belt 
speed of 2,000 f.p.m. In each case 
the direction of rotation was chosen 
so as to bring the tight side of the 
crossed belt onto the bottom of the 
driver pulley, resulting in greater 
wrap on this pulley. The tests on 
the 24-in. pulleys were run at ap- 
proximately 15-ft. center distances, 
and those on the 9-in. to 36-in. com- 
bination were run at about 10-ft. 
centers. The results of this test are 
given in Fig. 1. 

At this point the first series of ex- 
periments was begun to determine 
the limitations of the crossed drive. 
Trials were first made on different 
combinations of pulleys at three cen- 
ter distances, using the tight side of 
the belt below and also above the 
driver pulley; each pulley was tried 
as the driver when the two were of 
different sizes. The 6-in. belt was 
then cut lengthwise into a 2-in. and a 
4-in. belt and the complete series of 
experiments was repeated on these 
widths. The load was gradually ap- 
plied to each drive until full load was 
reached, or until the belt ran over 
the edges of the pulleys. If the drive 
carried full load successfully, further 
load was applied until the belt 
slipped badly or ran to the edges of 
the pulleys. 

A tension of 175 to 200 lb. per 
sq.in., which is about average prac- 


Table I—Specifications of Four Belts Tested 


Original 
Width, 


Belt Weight In. 


Single 5 
Single 6 
Light double 4 
Heavy double 3 


96 
15 
01 
96 
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07, 
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Fr. In. 
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Grain buffed 
Normal grain 
Normal grain 
Normal grain 
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Fig. 1—In these tests the crossed 
belt transmitted more power than a 
belt on a normal horizontal drive. 
This was probably due to using a 
buffed belt which did not seem to be 
affected as much by the rubbing of the 
peit at the cross as were the standard 
belts. 


tice, was used for all belts. We found 
after some experiment that tensions 
higher than this made the belt stay 
on better, while the reverse was true 
if the tensions were lower. The belt 
speed did not seem to have much 
effect, except that the belt would run 
off faster at higher speeds once it 
started. Therefore, no attempt was 
made to keep the belt speed abso- 
lutely constant with the different 
pulley combinations, although it was 
generally near 2,000 f.p.m. 

Most of the crossed drives fall 
into two classes: namely, drives 
where the belt runs to the edge of 
the pulley at light loads, and those 
which will carry full load or more 
without the belt running much off the 
crown of the pulleys. Practically all 
crossed belts will run off if they are 
slipped much above normal. A few, 
where a very small pulley is used as 
the driver, will run off one edge of 
the pulley at no load, and will work 
over as the load is applied, and tend 
to run off the opposite edge at over- 
loads. Or, if the large pulley of 
such a combination is driving, the 
belt will run off the edge of the small 
pulley at no load, and will go further 
off if any load is applied. No drive 
was considered entirely successful 
unless the belt would carry full load 
and stay within 1 in. of the same 
position on the pulleys while the load 
was brought to this value. 

After belt No. 1 had been reduced 
to 4 in. in width, transmission tests 
were made on the 9-in. to 36-in. pul- 
ley drive at 10-ft. centers, and 2,000 
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f.p.m., with the tight side coming on 
the driver both from below and from 
above, to determine how much differ- 
ence, if any, this made. A normal 
drive test was made at the same 
time for comparison. The experi- 
ments on belt No. 1 gave us the ex- 
perience necessary to make more 
thorough and systematic tests on the 
other belts. The data obtained by 
testing the 4-in. belt are plotted on 
the curves in Fig. 2. 

Tests were continued on belt No. 2, 
the 6-in. belt with a normal grain 
surface, under practically all possible 
combinations of our laboratory stock 
of pulleys; these ranged from 4, 6, 
9, 12, 18, 24 to 36 in. in diameter. 
Center distances ranging from 5 to 
17 ft. were used. The original 6-in. 
belt was then cut into a 4-in. and a 
2-in. belt and the experiments re- 
peated on these widths. 

Transmission tests on the 2-in. 
width of belt No. 2 at 10 ft. 7 in- 
center distance, were made on the 9- 
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Fig. 2—Here the crossed belts 
transmitted about 20 per cent more 
load than the normal belt. 


Even though the crossed belt may show 
higher power-transmitting ability than 
a normal drive under test conditions it 
should never be rated higher because 
the crossed belt is very sensitive to 
excessive load and slippage and to a 
decrease in tension. 


to 36-in. drive to compare normal 
and crossed drives, with a high- 
capacity belt. We had previously 
noticed that the high-capacity belts 
did not seem to do as well when 
crossed and the results of the tests, 
given in Fig. 3, show this very 
clearly. These crossed-drive curves 
stop at about 2.25 per cent slip be- 
cause the belt threatened to run off 
at this slip. 

Similar experiments were run on 
the light and heavy double | belts, 
Nos. 3 and 4. These belts were 
shorter than the singles and, there- 
fore, the various pulley combinations 
were tried at two center distances in- 
stead of three. As we had found in 
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our tests on the single belts that the 
three widths acted about the same, 
the. tests on the doubles were con- 
fined to the original 4-in. belt. 

A study of the results obtained up 
to that time revealed that some of 
the data were confusing and contra- 
dictory, especially on the single 
belts. Further experiments indicated 
that the direction of the cross seri- 
ously affected the results on the 2-in. 
belts, and to a lesser extent those on 
the 4-in. belts. For example, a belt 
which would not carry more than 
half-load crossed one way, without 
running off, might carry full load, or 
more, if crossed the other way. After 
this fact was determined all doubt- 
ful drives were checked over again 
with the belt crossed both ways. 

Considering first the results of the 
transmission tests, the horsepower- 
slip curves of which are plotted in 
Figs. 1, 2 and 3, the crossed drive 
gave slightly higher power transmis- 
sion than the normal drive in the case 
of the belt with a buffed grain sur- 
face, Figs. 1 and 2, while with the 
belt having a normal grain surface, 
Fig. 3, the reverse was true. For 
instance, in Fig. 1 we found that the 
24-in. to 24-in. crossed drive at 14 
per cent slip transmitted 3 per cent 
more power and the 9-in. to 36-in. 
crossed drive at the same slip trans- 
mitted 74 per cent more power. With 
the same belt after it had been cut 
to 4-in. width, the difference between 
the two curves at 11 per cent slip, 
as shown in Fig. 2, is 20 per cent. 

The opposite result, indicated in 
Fig. 3, is probably due to a lower- 
ing of the co-efficient of friction 
caused by the rubbing at the cross. 
This effect was noticeable every time 
the high-capacity belts were crossed, 
because a little running in with 
these belts on a normal drive would 
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Fig. 3—These tests were run on a 
high-capacity belt. 

In this case, which approximates nor- 
mal operating conditions, the normal 
horizontal drive transmitted the 
heavier load. <A 9-in. pulley drives a 
36-in. pulley on 10 ft. 7-in. centers. 
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bring up their capacity, and it would 
drop off again when they were put 
on the crossed drive. 

It is likely that the buffed surface 
was not subjected to this action, so 
that the difference between the two 
drives, as indicated in Figs. 1 and 
2, is more nearly correct. Although 
the transmitting capacity of the 
crossed drive was slightly superior 
to the normal drive, averaging about 
10 per cent for the three compari- 
sons, the crossed drive is, under most 
conditions, very sensitive to excessive 
load and slippage and, therefore, it 
should not be rated higher than the 
normal drive. 

The difference in the power ob- 
tained in the two cases, where the 


tight side of the belt is below and 
above the driver pulley, is small. In 
one case the tight side above trans- 
mitted more power, while in the 
other case the tight side below trans- 
mitted more power. Evidently there 
is little to choose between the two 
conditions, so far as power transmis- 
sion is concerned. 

A clearer understanding of the 
meaning of the terms “tight side be- 
low” (T,-B) and “tight side above” 
(T,-A) may be obtained from Fig. 4, 
a line drawing of a crossed belt drive. 
The arrows at the driver pulley indi- 
cate which way this pulley must turn 
for tight side to be above or below. 

A few general conclusions, dealing 
principally with the ability of crossed 
belts to stay on the pulleys at full 
load, were made from a study of the 
data obtained. They are as follows: 
First, there is a minimum center dis- 
tance for every combination of pul- 
leys, below which a belt under aver- 
age tension will not carry full load 
without giving trouble, although it 
may carry some portion of its load. 
Second, belts in widths ranging be- 
tween 2 in. and 6 in. behave in about 
the same manner, for most of the 
pulley combinations, and have ap- 
proximately the same minimum cen- 
ter distance, with a few exceptions. 
Third, the ability of a belt to operate 
well on a crossed drive partly depends 
upon the amount of initial tension 


“B= Tight side pie ee Pulley 
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used, and belts under high tension 
will work at shorter center dis- 
tances than those under low tension. 
Fourth, belt speeds up to 5,000 f.p.m. 
have little effect on crossed belt oper- 
ation, except that due to the usual re- 
duction of capacity caused by cen- 
trifugal force. Fifth, double belts 
act approximately the same as 
singles, but they tend to stay on the 
pulley a little better; thus in some 
cases they can be operated at shorter 
center distances. Sixth, a small pulley 
driving a large one is a more stable 
drive than a large pulley driving a 
small one and gives a drive which 
can be operated on shorter centers. 
For practical use the operating 
data have been condensed into Table 


— 
Driver 


rand 2 


— 
7 


Fig. 4—The arrows show the direc- 
tion of rotation with the tight side 
of the belt above and below. 


More stable operation of a crossed-belt 
drive results when a small pulley is 
driving a large one. Frequently when 
a crossed belt continually runs off the 
pulley the difficulty may be remedied 

y crossing the belt in the other direc- 
tion. This does not mean, however, to 
twist the belt so that the grain side is 
the driving side against one pulley and 
the flesh side against the other pulley. 


— 


II, which is divided into two sec- 
tions, one for single belts and the 
other for double belts, which give the 
minimum center distances at which 
the various crossed drives will carry 
full load without a troublesome 
tendency on the part of the belt to 
run off. The driver pulley diameters 
are placed horizontally across the 
top, and the driven pulley diameters 
are given vertically on the left edge. 
The letters B and A in the vertical 
columns indicate whether the tight 
side of the belt should be below or 
above the driver pulley as the belt 
comes on it. The intersection of the 
vertical B or A column under the 
driven pulley diameter with the hori- 
zontal column opposite gives the 
minimum center distance in feet for 
the drive. Several references in the 
single belt table are used to indicate 
different center distances for certain 
widths. Small c means that the value 
given could not be determined experi- 
mentally, and was therefore calcu- 
lated or estimated. In a few cases 
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where the data did not warrant an 
estimate, no value is given. It 
should be especially emphasized that 
in case the belt does not work well at 
or above the center distance given, 
the cross should be reversed. 

Most of the drives within the 
range of these tables will carry light 
loads well at a center distance 25 per 
cent less than is given here, but for 
full load these drives would probably 
require some mechanical means of 
holding on the belts, such as a shifter 
fork. Results of the tests would in- 
dicate that it is not advisable to use 
for any drive center distances less 
than 75 per cent of those indicated in 
the tables. It seems that there is no 


practical upper limit of center dis- 


tance, although at long distances the 
belt might begin to flop, which would 
cause the drive to be unstable. 

The drives within the range of the 
experiments thus naturally fall into 
three classes: 

(1) Those using center distances 
as great or greater than indicated in 
the tables, which can be expected to 
transmit full load, but not overloads. 

(2) Those using center distances 
between 75 per cent and 100 per cent 
of the table value, which will carry 
light loads, but probably not full load 
without mechanical help to keep the 
belt on. 

(3) Drives at center distances less 
than 75 per cent of the table value 
are practically sure to be unsatis- 
factory. 

However, it should be remembered 
that even drives in the third class can 
be made to work temporarily if suf- 
ficient tension is used on the belt. 
Also, the reverse is true in that 
drives in the first class may cause 
trouble if they are not kept tight 
enough. The tables apply to belts un- 
der average tension, but are liberal 
enough to allow for considerable 
variation in tension, providing the 
belt does not slip excessively. 

Belts may be occasionally found 
which seem to be operating all right 
at shorter center distances than 
these, but the chances are that the 
belt is very tight or it is lightly 
loaded, or it may be held in position 
by a shifter fork or some other ob- 
struction. The author frequently 
has had an opportunity to check these 
tables against actual installations, 
and has almost invariably found the 
above to be true. 

Misalignment of the shafts, or 
moving one pulley on its shaft, might 
occasionally help to keep the crossed 
belt on the pulleys, but our experi- 
ments indicate that little can be 
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gained by these devices. If the shafts 
are thrown out of alignment to keep 
the belt on at full load, it will tend 
to run off the opposite edge of the 
pulley at lighter loads, and vice versa. 
Or, if one pulley is offset the belt 
will tend to follow this pulley, and 
remain in about the same position on 
the pulleys. If the load is very con- 
stant, offsetting of one pulley may 
sometimes be used to advantage. 
Misalignment of the shafts should 
never be recommended. The center 
distances given in the tables are 
based on perfect alignment of the 
pulleys and shafts. 

With any crossed belt under load 
the force tending to keep it on is 
the climbing action of the belt on the 
crown of the pulleys. The principal 
force tending to push it off is the 
pressure of the tight strand of the 
belt against the loose strand where 
they cross. As the load is increased 
the tension on the loose side is de- 
creased. Naturally, the tight strand 
displaces the loose strand and forces 
it from its path so that it approaches 
the driven pulley at a slight angle. 
The greater the load the greater this 
angle becomes, until the practical 
limit is reached at the point where 
the tight side has nearly displaced 
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Fig. 5— Here is an example of a 
short- center belt drive over a small 
pulley. 


This illustration shows very clearly the 
way one strand of the crossed belt 
pushes against the other. This small 
pulley is provided with a flange to Keep 
the belt on. 


Courtesy of Chicago Belt- 
ing Co., 


Chicago, III. 


the loose side. This displacement is 
greater than it appears at first 
thought because of the twist in the 
strands. Therefore, there is always 
a force tending to run the belt off 
the pulleys, but it depends upon the 
pulley sizes and center distance 


Table II—Minimum Center Distances for Crossed 
Belt Drives 


Maximum Center Distance in Feet for Single Belts 


Driven 
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whether or not this force is great 
enough to overcome the climbing 
force caused by the pulley crown. 

When a small pulley is used with a 
larger one, as illustrated in Fig. 4, 
the point where the two strands of 
the belt cross is nearer the smaller 
pulley. As the loose side, which is 
forced aside at the cross, always 
comes on the driven pulley, this 
force will be applied nearer the 
driven pulley when the larger of the 
two pulleys is driving. Therefore, 
for any given pulley combination, the 
minimum center distance for stable 
operation will be greater when the 
larger pulley is driving. Anyone 
who has tried to run a belt off with 
a stick has noticed that it is much 
easier if the force is applied on the 
loose side near the driven pulley, in- 
stead of half-way between the two 
pulleys. 

To illustrate further, suppose that 
the smaller pulley in Fig. 4, is driv- 
ing and strand-1 is the tight side. 
Then strand-1 will be forcing 
strand-2 aside as it comes on the 
larger pulley, but since the cross is 
too far away from the large pulley 
this force is not sufficient to over- 
come the effect of the crown. If the 
larger pulley is driving with strand-1 
as the tight side, strand-2 is being 
forced aside much nearer the small 
pulley, which it is approaching, and 
the belt is more likely to run off. It 
is desirable to have the point of 
crossing 4 ft. or more from the 
driven pulley, depending on the pul- 
ley combination used. Reversing 


Pulley, —————— —— Driver Pulley Diameter 
Diam. 4 In. 6 In. 9 In. 12 In. ls In. 
in In. B A A B 
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the cross is frequently of benefit. 

The same reasoning applies in ex- 
plaining why an increase in tension 
makes the crossed drive more stable. 
When the initial tension is increased, 
there is a readjustment upward of 
the actual tensions in the two 
strands, so that the loose side is 
carrying a greater proportion of the 
total tension than it was formerly. 
The result is that the loose side, be- 
ing under a greater relative tension, 
will not be pushed aside to the same 
extent until greater loads have been 
reached. Furthermore, the climb- 
ing action due to the crown probably 
becomes greater as the tension is 
increased. ö 

Briefly some of the more import- 
ant results and conclusions on the 
operation of crossed belts are as 
follows: 


(1) The crossed belt transmitted 10 
per cent more power than the normal 
belt in an average of three tests, but 
as it is more unstable in operation no 
higher power rating is recommended. 


*10 *10 
*10 *10 
10 10 
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Maximum Center Distance in Feet for Double Belts 


— — — Driver Pulley Diameter 
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B i A 
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Directions For Use on Bora Tastes: 
Use for belts up to 6 in. wide. 
Reverse cross if drive does not work well. 
Band A indicate ticht side below or above driver pulley. 
* For belts below 3 in. wide use & ft. center distance. 
t For belts below 3 3 in. wide use 17 ft. center distance. 
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(2) Every crossed drive seems to 
have a minimum center distance below 
which the drive is unstable and its per- 
formance unsatisfactory. 

(3) Using the smaller pulley as the 
driver makes a more stable drive, and 
it can be operated at a shorter center 
distance than when the large pulley is 
used as the driver. 

(4) The higher the initial Pension, 
the more load a crossed belt will carry 
without running off. 

(5) Belt speed does not affect the 
performance of a crossed belt, except 
for the usual effect of centrifugal force 
on its transmitting capacity. 

(6) Belts of any width up to 6 in. 
seem to work about alike on the crossed 
drive, with a few exceptions noted in 
the tables. 

(7) Double belts work a little better 
than singles on many crossed belt 
drives. 

(8) Using the tight side of the belt 
above the smaller pulley, whether it is 
driving or driven, is a more stable con- 
dition than using it below. 

(9) The rubbing at the cross tends 
to reduce the co-efficient of friction, 
more or less depending on the belt. 


The direction of the cross has an 
important effect on crossed belts, be- 
cause one edge of the belt is usually 


Fig. 6—Many of these centrifugal 
machines in laundries use crossed | 
belts on tight and loose pulleys. 


This type of service throws a heavy 
load upon the belt drive whenever the 
belt is shifted onto the tight pulley. 


These center distances, however, are 
great enough to prevent belts running 
off the pulley. Courtesy of Ch cao 
Belting Co., Chicago, III. 


——————— — ES 


a little longer or more elastic than the 
other. If the longer edge is on the 
wrong side the crown will not hold 
the belt on as well as though the 
cross were reversed. The cross may 
be reversed by removing the belt 
from one pulley and untwisting one- 
half a turn as if to put on an open 
drive and then twisting another half 
turn in the same direction. This 
changes the position of the two 
strands at the cross, so that the tight 
side tends to force the loose side off 
in the opposite direction from that 
in which it did before. When a 
crossed-belt drive which has been 
correctly laid out refuses to work 
properly the trouble can usually be 
remedied by reversing the cross. 


Arc Welding in 


Maintenance Work 


(Continued fiom page 266) 


Recently new tubes were are— 
welded in the top sheet of a locomo- 
tive crane. Plans are under way to 
arc-weld in the tubes at both ends 
in another locomotive crane in which 
the tubes must be renewed shortly. 

The hood and smoke pipe on a 
large blacksmith’s forge in the re- 
pair shop were constructed by arc- 
welding the steel sheets together. 


The repair men have also used the 
welder to a considerable extent in 
building up miscellaneous fixtures 
around the repair shop as, for in- 
stance, horses for holding work. 
They also built up a light, portable 
forge which can be connected onto an 
air line anywhere in the plant. 

In dismantling parts which have 
been riveted together, the torch is 
used for cutting out the rivets; fre- 
quently the new parts are arc-welded. 


There are, of course, numerous 
broken castings which must be 
welded. Those of cast iron, and 
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sometimes cast steel, are usually 
welded with the acetylene unit and 
are preheated on our special bench. 

The gas-cutting and arc-welding 
units are used in combination on a 
wide variety of jobs. A recent job, 
for instance, consisted of construct- 
ing some special brackets from 3-in. 
steel plate. These brackets had two 
bends, each of about 120 deg. In- 
stead of heating up the steel plate 
in the forge and then making a hot 
bend, the welder cut a slot through 
the plate, except for about 4 to! in. 
at the edges, or just enough to hold 
the plate together, at the place where 
the bend was to be made. The bends 
were then easily made cold, and also 
very accurately. After bending the 
plate, the slot was filled in with the 
arc welder. A 13-in. by 2-in. flat bar 
was bent into a half-circle and 
welded into a semi-circle cut into the 
top of the plate. This formed a 
saddle to hold the gasoline tank on 
a special industrial truck. One of 
these pieces is shown in the group of 
welded parts in the illustration on 
page 266. 

This list by no means represents 
anywhere near the amount of work 
done. The group of jobs illustrated 
indicate only those in the shop at the 
time the photographs were taken. 

At first we intended to use the 
welding units only to repair broken 
parts; now, however, the use in 
building up new parts equals if not 
exceeds the time spent in the actual 
repair of old work. Every day we 
are finding something new to weld. 

It is our aim to provide a variety 
of electrodes so that any type of 
work may be handled. Only small 
amounts of some of these types are 
used; others are used in considerable 
quantities. The accompanying list 
shows the different types of elec- 
trodes carried in stock and the aver- 
age quantities used monthly. Where 
the table mentions small amount,“ 
this indicates that the particular 
electrodes are carried in stock but 
are used infrequently. 

Because we use one type of welder 
for certain classes of work and the 
other welder for other jobs should 
not be taken to mean that this is 
the best or only way. Another op- 
erator with different training might 
handle our welding work in other 
ways, to suit his training and ex- 
perience. However, we are well 
satisfied with our method of dividing 
the work, which in general follows 
the lines described, although this is 
not a hard-and-fast rule. 
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Factors that determine when 


Electric Heating Can Be 
Used to Advantage 


in industrial plants, with a discussion of the operat- 
ing economies and desirable features that are in- 
herent in this mode of heating 


By WIRT S. SCOTT 


Special Representative, Industrial 
Heating, Westinghouse Electric 
& Mfg. Co., Mansfield, Ohio 


Taxe years ago, when the 
first real start was ma d 2 
in the study of industrial 
heating problems, almost nothing 
was known of the economies that 
might be expected to result from the 
use of electric energy. A prospec- 
tive user who was willing to let an 
electrical manufacturer conduct ex- 
periments in his plant, at the ex- 
pense of said electrical manufac- 
turer, was exceeding the height of 
magnanimity. 

Everyone was skeptical and most 


people positively antagonistic, due to 
their accustomed practice and usage 
of fuel-fired equipment, which had 
been handed down from one genera- 
tion to the next. 

As years went on and the usage of 
electric heat increased, the time ap- 
proached for encouraging the user 
to make preliminary investigations 
himself for the purpose of calling at- 
tention to the advantages of electric 
heat when applied in his manufactur- 
ing processes. 

Today, due to the fact that suffi- 
cient interest has at last been 
aroused and a sufficient number of 
diversified installations have been 
made, the time is opportune for 
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This is a car-bottom type furnace that 
is used for annealing castings at 1,600 
deg. F. Furnaces of this type are 
adapted to the heat-treatment of large 
parts in quantity production, as the 
car bottom facilitates charging and 
discharging. The chamber of this fur- 
nace is approximately 4 ft. wide, 6 ft. 
high, and 10 ft. deep. It will hold 5 
tons of steel and has about 450 kw. 
installed capacity. 
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showing the industrial plant operat- 
ing executive how to convince him- 
self as to whether or not he should 
use electric heat, and after he has 
decided for himself, to see that he 
gets the proper kind of apparatus to 
perform his heating operation most 
efficiently and economically. The 
equipment may be especially de- 
signed, if need be, to meet his par- 
ticular plant conditions. 

Electric heat has a definite field of 
operation at the present time. In 
listing the following conditions of 
operation that may exist in an in- 
dustrial plant, it is not done with the 
intention of dwelling on the advan- 
tages of electric heat, but rather for 
the purpose of showing definitely 
wherein electric heat is applicable 
and will prove to be commercially 
economical. ; 

(1) In a plant producing the 
highest-grade article, where a new 
standard of comparison will be of ad- 
vantage from a business standpoint, 
electric heat will make it possible to 
set up new standards. 

(2) When a good product is al- 
ready being secured, electric heat 
will make it possible to produce a 
better product. 

(3) When a non-uniform product 
is being secured, electric heat will 
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make it possible to produce a uni- 
formly high grade of product, with 
elimination of rejects and reduction 
in the amount of labor required, re- 
sulting in lower cost of production. 

(4) When continuous and uniform 
production of a good product is re- 
quired, electric heat will give con- 
tinuous output with elimination of 
rejects. 

(5) When the present grade of 
product is satisfactory, electric heat 
will oftentimes permit the use of less 
expensive materials. 

(6) When a lighter product is de- 
sirable, or where a saving could be 
effected through the use of lighter 
materials, provided these have suffi- 
cient strength, electric heat will 
make possible such savings. Through 
its use the utmost strength or hard- 
ness can be imparted to the ma- 
terials, and these results can be 
duplicated day after day, con- 
tinuously. 

(7) When it is desired to reduce 
the amount of labor to a minimum, 
electric heat will make for reduced 
labor in operation of apparatus, re- 
duced labor in handling materials, 
and reduced labor in maintenance of 
equipment. 

(8) Where it is desired to im- 
prove working conditions, the use of 
electric heat will result in elimina- 
tion of hot gases that must be 
breathed by the workmen, elimina- 
tion of overheated workrooms, in- 
creasing efficiency of labor, provide 
better humidity conditions, and per- 
mit of more definite control of 
ventilation. 

Heat in some form enters into the 
production or fabrication of all man- 
ufactured materials. The quality or 
characteristics of the final product 
depend upon the exactness of the 
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heat-treatment. Inferior raw ma- 
terial that is properly heat-treated 
may provide a much better product 
than will a superior raw material 
that is improperly heat-treated. 

Heat in one way or another affects 
the quality and cost of practically 
every manufactured article. The 
problem resolves itself into selecting 
the combination of raw materials, 
methods, production equipment, 
facilities, and personnel, which when 
properly adapted to individual manu- 
facturing requirements and plant 
conditions, will most nearly accom- 
plish the desired results; that is, the 
production of a quality product at a 
minimum cost. Quality and cost of 
the finished product are the basic 
factors that must always be con- 
sidered. 

Fuel cost is but one item in the 
final cost of production, and in most 
cases it is only a small item in the 
total cost of the finished product. The 
cost of fuel or power may influence, 
but certainly does not determine, the 
cost of the completed product. Elec- 
tric heat is the ideal heat, and in 
many cases it is the most economical 
means of heating, when all factors 
are considered. 


ELECTRIC HEAT PERMITS CLOSE TIME 
AND TEMPERATURE CONTROL 


The development of heat-treating 
processes to a high plane has been 
practically impossible in the past, 
due to the nature of the fuels avail- 
able. To secure a predetermined 


Here is a special furnace that was 
built for a special job. 


This 15-kw. furnace is used for anneal- 
me turbine blades at 1,300 deg. ; 


is is a case where it was more 
economical to build a special furnace 
than to use one of standard construc- 
tion and design. 
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product, it is essential that the com- 
plete time-temperature cycle of op- 
eration be under definite control, that 
the heating be done in a chamber 
having uniform temperature dis- 
tribution, in an atmosphere free 
from products of combustion, and in 
a minimum length of time. With 
combustion fuels, these results can 
be only approximated, and with no 
definite assurance of duplication day 
after day of a uniform product. 

With fuel-fired furnaces a metal- 
lurgist, physicist or chemist will 
take a sample piece of his product, 
accurately determine by a series of 
experiments in a small electric fur- 
nace the best time-temperature cycle 
of operation, and turn these speci- 
fications over to his shop with the 
expectation of this result being 
duplicated in a furnace incapable of 
reproducing the conditions obtaining 
in the laboratory experiments. Ap- 
preciating more or less the limita- 
tions of fuel-fired furnaces, metal- 
lurgists and operators both have 
adopted the results obtained as 
standards of best practice, and have 
had to adapt their materials to the 
nature of the heat-treatment, instead 
of adapting the heat-treatment to. 
the nature of the material. 

There is now on the market de- 
pendable electrical heating ap- 
paratus for securing these results. 
This apparatus is capable of dupli- 
cating in shop practice, day after 
day, continuously and entirely auto- 
matically, an exact or defined time- 
temperature cycle, as required by the- 
specifications. 

Every known kind or piece of ma- 
terial heated has its quality affected’ 
by the heat-treating process. Also, 
every known material has some def- 
inite best temperature for producing 
the best quality possible with the ma- 
terial used. The nearer one ap- 
proaches to these ideal conditions, 
the nearer perfection will be secured: 
in heat-treatment work. Likewise, 
the farther one departs from the 
ideal best temperatures, the less sat- 
isfactory will the product be. 

The advantages to be gained by 
using electric heat will depend upon 
the specific application. In the ap- 
plications now in general use, it pro- 
duces certain results that might be 
said to be inherent with electric heat. 
These results are, uniform high- 
grade quality of product, increased 
production, reduced expenditure for 
labor, better working conditions, and 
lower over-all operating results. 
These are a logical consequence of 
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the fact that electric heat is the most 
flexible and the _ easiest-controlled 
form of heat that can be used. 

The truth of these statements will 
be readily appreciated by consider- 
ing the following points: 

(1) Heating units, in suitable 
form, may be distributed in an oven 
or furnace or attached to a tank, 
table or machine, in the correct man- 
ner to give a uniform distribution of 
heat, in just the quantity desired. 
Once these conditions are secured, 
they become fixed for all time, and 
are not subject to change or varia- 
tion, as when a combustible fuel is 
used. This condition results in a 
better product, increased production, 
and increased output per unit of 
floor space or for each piece of ap- 
paratus. 

(2) By means of automatic tem- 
perature control, the work will not 
be overheated nor underheated, but 
maintained at the correct tempera- 
ture, continuously and automatically. 

(3) By means of electric heat, 
automatically controlled, tests can be 
made to determine the proper rate 
of heating, the best temperature for 
accomplishing the desired results, 
and the length of time the work must 
be subjected to a given temperature 
to produce the desired results. Once 
these conditions are determined, the 
desired product can be reproduced 
day by day, automatically, with the 
same uniform results. Electric heat- 
ing has made possible the duplication 
of laboratory experiments in shop 
practice. 

The greatest progress in the ap- 
plication of electric heat has been 
made with manufacturing plants that 
keep accurate cost records of each 
phase of operation affecting the cost 
of the completed product. Factors 
that affect costs were not overlooked, 
and these plants were in a position to 
determine the value of electric heat- 
ing by an accurate comparison of 
this with other methods of heating, 
taking everything into consideration. 
The cost of fuel or power is only one 
item affecting costs. 


MAKING AN INVESTIGATION OF OP- 
ERATING CONDITIONS IN THE PLANT 


The first step in an industrial elec- 
tric heating investigation must be 
made for the purpose of securing a 
detailed knowledge of the operating 
conditions. Consideration must be 
given to all phases contributing to 
the production of the completed 
product. Among these factors are: 

Quality of Product—A high-grade 
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quality of product has a high sales 
price. The finished product may be 
made up of a number of component 
parts requiring the use of heat dur- 
ing some stage of manufacture. De- 
termine what these parts are. It will 
then be in order to find out how much 
more could be obtained for the prod- 
uct, or how much sales could be in- 
creased if a better product were 
possible. 

Uniform Product — A uniform 
product is desirable, whether it be 
uniformly good, uniformly fair or 
uniformly poor. If a product is ex- 
cellent one day and only fair the 
next, or is otherwise non-uniform, 
the manufacturer is saddled with an 
unnecessary expense, for the follow- 
ing reasons: (1) Where the manu- 
facturer demands only a high-grade 
product, all production that does not 


This 750-lb. melting pot is used for 
tinning leads and terminals for 
electrical equipment. The control 
panel can be seen mounted on the 
wall at the left. 


1 J, 
3 * 
5 — 


* 
= 


Vol.84, No.6 


come up to such specifications must 
be rejected. Consequently, the cost 
of producing material which does 
meet the specifications is increased, 
resulting in increased selling price or 
decreased profits. (2) Where the 
product is sorted into two or more 
grades, a lower price must neces- 
sarily be obtained for the inferior 
grade or grades. (3) Where the en- 
tire product is sold as one medium 
grade, the manufacturer is penalized 
for his inability to produce all high- 
grade material, through the produc- 
tion of an excessive amount of low- 
or second-grade material. 

The first step is to determine the 
reason for non-uniform product. If 
this can be traced to the heating of 
any component part of the material, 
in any stage of its manufacture, de- 
termine the cause as accurately as 
possible. There may be several con- 
tributing factors, such as (a) incor- 
rect temperature to produce the best 
results. To check this point, tests 
can be made in a small oven or fur- 
nace on samples and the correct 
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These are heating units used in 
electric furnaces. 


The upper view shows a medium- 
temperature unit rated at 2.5 kw. at 
900 to 1,300 deg. F. or 5 kw. up to 900 
deg. F. It y be operated directly 
on 110 or 220 volts. In the lower view 
is a high-temperature heating unit 
with a rating of 8 kw. at 1, pn deg. F. 
r 1,600 kw. at 1,500 deg. F. 


temperature determined for securing 
the quality of product desired. These 


conditions can then be duplicated, - 


automatically, day after day, by the 
use of electric heat. (b) Inability to 
control the temperature within close 
limits. By means of electrically con- 
trolled heating equipment, the tem- 
perature of any heating operation 
can be made simple, reliable, auto- 
matic, and as close as may be de- 
sired. (c) Heat not applied uni- 
formly. Electric heaters in suitable 
form can be applied to any process, 
to give a uniform distribution of heat 
continuously and automatically. (d) 
Heating done too slowly or too rap- 
idly. By the use of electric heating 
equipment, a system of control can 
be used which will accommodate it- 
self to any cycle of heating operation 


so as to heat the material at the pre- 


determined rate found from experi- 
ence to produce the best results. (e) 
Work injured by a high flame tem- 
perature. Electric heat-treating is 
accomplished at relatively low tem- 
peratures, the temperature of the 
heating elements never being many 
degrees above the temperature of the 
work, so that there is little danger 
of local overheating. 

Production—The items entering 
into production, in so far as heating 
is concerned, that affect the cost of 
the finished product, are: (a) Inter- 
ruptions caused by the failure of the 
heating medium, which may be due 
to failure of the equipment, shut- 
downs for repairs, or failure of the 
source of heat. (b) Reduced pro- 
duction due to difficulty in retaining 
skilled labor. (c) Non-uniform pro- 
duction due to the human element in 
the handling of material or opera- 
tion of the heating device or ap- 
paratus. (d) Overhead charges for 
labor, supervision, plant equipment 
and floor space. (e) Number of re- 
jected parts and number of parts 
that have to be reheated in order to 
pass inspection. (f) Additional la- 
bor required in other departments, to 
handle material that has been re- 
jected or is defective due to improper 
heating. 

Considering heating operations, 
the items that influence the cost of 
the labor involved in turning out the 
finished product are: Labor—(a) 
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Labor required in handling the ma- 
terial. (b) Labor required in oper- 
ating or supervising the operation of 
the heating device or apparatus. 
(c) Saving in labor if conveyors or 
trucks could be used. (d) Saving in 
labor if the heating operation could 
be made automatic. (e) Effect on 
the workmen of present conditions, 
such as exposure to excessive heat, 
or the breathing of gases and 
poisonous fumes. 

Fires or Explosions—These have 
been the cause of much property 
damage and loss of life. They may 
be due to the form -of heating 
medium, kind of heating apparatus 
used, careless workmen, nature of 
material heated, and a number of 
other factors. 

Inasmuch as fires and explosions 
do not occur every day, it will be 
necessary to go back over the rec- 
ords for a period of years to deter- 


mine whether any have occurred, and 
the extent and nature of the damage 


done. 


Maintenance—In the maintenance 
work required for the heating equip- 
ment, following items should be con- 
sidered: (a) Annual repairs to heat- 
ing equipment, taken over a period 
of a number of years. These re- 
pairs should include all labor and ma- 
terial used in making such repairs. 
(b) The cost of operating all auxili- 
ary equipment, such as blowers, com- 
pressors, and the like. (c) The han- 
dling charges for fuel, such as oil, 
coal, coke, and so on. 


= 7 10 i 


Penalties—Every plant that does 
not utilize electric energy for manu- 
facturing processes that require 
heat is, to a greater or less extent, 
penalizing itself by not doing so; 
therefore, such penalties must be 
charged up against the present heat- 
ing process as a direct expense. 
Among the items that must be con- 
sidered from this standpoint are: 
(a) Low power factor. Heating 
equipment, with the exception of arc 
furnaces, operates at unity power 
factor, and will raise the power fac- 
tor of any industrial plant. If the 
heating load is of considerable mag- 
nitude it will make it possible to ob- 
tain a better power rate of the en- 
tire electrical load of the plant. (b) 
Power rates. The addition of a 
heating load greatly improves the 
load factor and will make possible 
lower power rates for the entire elec- 
trical load of the plant. 

A thorough analysis of these items 
will serve to establish a definite basis 
for the formulation of plans to im- 
prove present operating conditions, 
and enable the plant engineer to de- 
termine the influencing factors en- 
tering into the cost of the completed 
product. Only in this way can an 
intelligent selection of equipment be 
made. 

After the above conditions have 
been accurately determined, and not 
until then, the cost of fuel, com- 
pared to the cost of electric energy 
for heating processes, may be given 
due consideration. 
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Fig. I—By- product coke oven of the Trumbull-Cliffs = 
Furnace Company, at Warren, Ohio, where the data given 
in this article were obtained. The larry or coal-charging 
car is shown in the left foreground on top of the oven and 
The coke pusher referred to in this 
article can also be seen in the left foreground. 
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Improving control operation hy 


Changing Resistance on 


Motor Controllers 


used in a blast furnace and coke plant, together with 
a discussion of causes of troubles encountered and 
diagrams showing method of overcoming them 


speed motors on machinery, a 

hazardous guess is often made as 
to the horsepower required of the 
motor. With the tendency of the 
designer to be on the safe side, the 
motors chosen are often too large for 
the job and if they are series wound, 
the speed of the equipment will fre- 
quently be much higher than was 
intended. This in turn affects the 
control of the motors, as the control 
manufacturer is called upon to 
furnish a controller which will be 
suitable to stop and start the motor 
to be used and supplies a standard 
controller for this rating together 
with standard resistance. 

When series motors are used, over- 


1. THE application of variable- 


By O. C. CALLOW 
Chief Electrician, Trumbull Cliffs 
Furnace Co., Warren, Ohio 
motoring with its corresponding 
overspeeding will soon show up on the 
controllers, since there will be more 
“inching” in order to get slow opera- 
tion of the driven equipment. By 
“inching” a controller is meant the 
operation of repeatedly moving the 
controller to the first point and then 
to the off position, thereby intermit- 
tently applying power and causing 
the motor to run slowly. It is, there- 
fore suggested that every drive in a 
new installation should be carefully 
watched for the first few months to 
ascertain whether any improvements 
in operation could be made by using 
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different values of resistance to help 
slow up any motors where excessive 
speed is causing trouble, thereby 
lengthening the life of the controllers 
and also of the mechanical drive 
equipment. 

As an example of what improve- 
ments can be made in this line I will 
cite the case of a quenching locomo- 
tive in a coke plant. It pulls the 
quenching car which receives the hot 
coke as it is pushed from the oven 
and carries it to the quenching tower 
where water is poured over the car, 
thereby stopping further combustion 
of the coke. The equipment on this 
quenching car consists of two 90-hp., 
series-wound motors controlled by a 
series - parallel, manually - operated, 
drum controller. In pushing an oven 
the coke is to be distributed the 
whole length of the quenching car. 
This is done by moving the car 
forward as the oven is pushed. With 
the original equipment this was done 
by “inching” the controller on the 
first point, 22 times for each oven 
pushed; this meant breaking the 
acceleration current of the two 90-hp. 
motors over 2,000 times a day with 
the natural result that controller 
repairs were more frequent and 
costly than they should have been. 

After a little study of this condi- 
tion an extra hank of resistance 
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having an ohmic value of about 40 
per cent of the total resistance was 
installed in the first step, as shown 
in Fig. 2. The amount of this addi- 
tional resistance was adjusted 
during operation until it was found 
that with the controller placed on the 
first point when the coke commenced 
to fall in the car from the oven being 
pushed, the speed of the car would be 
just fast enough for it to travel its 
own length while the coke was fall- 
ing, thereby distributing the coke 
from the oven evenly in the car. The 
operator is, therefore, relieved of 
the duty of “inching” and the move- 
ment of the car becomes nearly 
automatic on the first point of the 
controller. After the oven is pushed, 
he speeds up the car and proceeds to 
the quenching station as usual. The 
extra resistance is also of an advan- 
tage here in spotting, especially as 
the rails are wet at all times and 
wheel spinning is very likely to 
occur. Use of the additional resist- 
ance has eliminated all wheel spin- 
ning of the car while in the quench- 
ing tower. The installation. of the 
extra resistance in this particular 
case was taken care of by the loco- 
motive manufacturer when he was 
advised of the trouble. In any event 
the cost of the extra resistors would 
very soon have been saved in control 
segments and fingers, and in the 
labor of installing these. 

Another installation on the same 
battery of coke ovens was improved 
in a similar manner. The larry car 
(seen under the coal hopper in Fig. 1) 
that charges the coal into the top 
of the ovens has no need for high 
speed on the bridge or propelling 
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motion, for the distance traveled on 
the top of the battery is short, as 
may be seen by inspection of Fig. 1, 
and normally a good deal of “inch- 
ing” is required to spot the car 
hoppers over the charging holes in 
the ovens. This car is driven by a 
45-hp., 500-r.p.m., series-wound, 
mill-type motor and controlled by a 
standard, manually-operated, revers- 
ing, drum controller provided with 
standard resistance. 

Trouble was experienced on this 
drive by the operator plugging his 
controller too rapidly while the car 
was moving at high speed, thereby 
causing burning of the controller 
parts and sometimes opening the sub- 
station circuit breaker, causing a 
delay on the battery. Plugging a 
motor is the operation of reversing 
the power supply applied to it while 
the motor is running in a given 
direction. This action causes the 
motor to slow down, stop, and start 
in the reverse direction. By plug- 
ging the motor the need of a sepa- 
rate service brake is eliminated, for 
the plugging operation performs the 


Figs. 2 and 3—lIncreasing the 
amount of resistance used on these 
controllers greatly improved motor 
operation. 


In Fig. 2 is shown the diagram of 
a series-parallel drum controller for 
two motors used on an electric loco- 
motive. Additional resistance was 
connected between the points 4-4 80 
as to eliminate the “inching’’ of the 
controller formerly required. Fig. 3 
shows how an extra resistor was con- 
nected permanently in series with the 
armature of a larry car delivering coal 
to coke ovens, so as to prevent the 
operator from abusing his control 
through excessive plugging. The con- 
tact finger R9 was removed so as to 
revent cutting out the resistance step 
etween 9 and X on the ninth or last 
point of the controller. 
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braking required. As a cure for the 
trouble encountered, an extra resist- 
ance was added to the accelerating 
resistance, in this case consisting 
of a bank of grids and connected as 
shown in Fig. 3. The contact finger 
at R9 was removed so that it is im- 
possible for the operator to cut out 
the new resistance in any position 
of the controller; hence this addi- 
tional resistance is permanently in 
series with the armature. The orig- 
inal resistor had an ohmic value of 
2.75 ohms divided into eight steps; 
the extra bank installed has an 
ohmic value of 1.75 ohms and has a 
current-carrying capacity equal to 
the full-load current of the motor. 
This resistance not only acts as a 
plugging resistance, but also limits 
the acceleration and running speed 
of the car, so as to make it more 
suitable for the short run required. 

Another interesting problem was 
involved in the mechanical operation 
of the door hook on a coke oven 
pusher. The door hook removes the 
oven door from the pusher side of 
the oven so that the pusher ram may 
be placed against the hot coke and 
push it out through the opposite end 
of the oven. The coke pusher may be 
seen in the center foreground of Fig. 
1. The door hook is on the oven end 
of the pusher. This hook takes very 
little power to operate, so the small- 
est mill-type motor available was 
installed, this being a 2-hp., 900- 
r.p.m., series-wound motor. It was 
found that unless the operator was 
very careful in his manipulation of 
the controller on this drive, he would 
over-run the travel of the nut on the 
driving screw, causing it to jam. 
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This condition caused operating 
delays which could not be permitted. 

One remedy which suggested itself 
was to install limit switches to limit 
the travel of the nut in both direc- 
tions on the screw. Owing to the 
lack of space and also to the hot and 
dirty location in which the limit 
switches would have to be installed, 
it was not considered practicable to 
use them. Satisfactory operation 
has been obtained simply by install- 
ing more resistance in the motor cir- 
cuit so that the speed of the motor is 
reduced. This cuts down the pos- 
sibility of overtravel. 

The resistance supplied with the 
drum controller on this drive con- 
sisted of 20 wire-wound tubes 
assembled in a box having a total 
resistance value of 25 ohms. This 
value was increased to approximately 
40 ohms, which was found to give the 
desired results. The use of so much 
tube resistance in the operator’s cab 
was objectionable as these boxes are 
dificult to mount and to repair. 
Consequently, an entirely new re- 


sistor was made up consisting of six 


standard 500-watt, 115-volt, space 
heaters. A space heater of this 
capacity has a resistance of approx- 
imately 26.5 ohms and a full-load 
current rating of 4.35 amp. Using 
two space heaters in parallel gives 
sufficient current-carrying capacity 
and to secure the necessary value of 
resistance, six units were connected 
in series-parallel, as shown in A of 
Fig. 4, giving a total resistance of 
39.75 ohms. These heaters were 
bolted into a strap-iron frame and 
fastened to the wall of the cab. 

There are quite a number of places 
where space heaters will be found 
to work very satisfactorily as re- 
sistors when the current handled is 
not over 15 or 20 amp. On one in- 
stallation consisting of a 5-hp., 825- 
r.p.m. series motor driving a pusher 
door ram, a permanent resistance 
was installed to prevent overspeeding 
of the motor. This installation was 
made up of five 500-watt, 115-volt 
space heaters connected in parallel 
as shown in B of Fig. 4. 

Having shown the improvement 
that can be made in the operation of 
some variable-speed motors by the 
introduction of additional resistance, 
let us consider a special case involv- 
ing a constant-speed drive which was 
improved in the same manner. Three 
50-hp., 1,700-r.p.m., 230-volt, shunt- 
wound, constant-speed motors were 
installed in a boiler house and were 
coupled directly to three forced-draft 
fans. Trouble was experienced with 
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these motors at first through over- 
heating and poor commutation. 
When a test was made it was found 
that the line voltage was 250 volts 
instead of 230 volts. This excess 
voltage caused an increase in speed 
of the motors from 1,700 r.p.m. to 
about 1,840 r.p.m. At this speed 
the fans were delivering more air 
than was required and, since the 
horsepower required by a fan varies 
directly as the cube of the speed, the 
motors were working under a con- 
tinuous overload, thereby causing the 
overheating and bad commutation 
previously mentioned. It was not 
possible to lower the voltage on this 
circuit without affecting the voltage 
of the whole plant; so a permanent 
resistor was designed for use with 
each motor to cut down the voltage 
across the motor terminals to 230 
volts and bring the speed down to 
1,700 r.p.m. This resistance, which 
has an ohmic value of 0.18 ohm, was 
built up of standard grids having a 
continuous current rating of 200 
amp. and, therefore, operates at a 
low temperature which means long 
life and little maintenance. A knife 
switch was installed to short-circuit 


Fig. 4—On small motors space 
heaters were used to advantage as 
resistors. 


Diagram A shows the resistor ar- 
rangement for the door hook motor 
on a coke pusher. Six space heaters 
were connected in series-parallel so as 
to provide a total resistance of 39.75 
ohms. Diagram B shows how space 
heaters were connected in series with 
the armature of a 2-hp. series motor 
so as to prevent overspeeding. Diagram 
C shows how resistors were used with 
a 50-hp.. 230-volt. fan motor to permit 
Operation on a 250-volt supply without 
overspeeding and thereby overloading 
the shunt motor 
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this extra resistance in case of an 
emergency when extra air might be 
required through failure of one of 
the fan motors, in which case the 
remaining motors could stand an 
overload for a short time. Since the 
installation of this resistance, the 
operation of these motors has been 
perfect and a considerable saving 
has been made in brushes, commu- 
tator wear, and possible armature 
rewinding, with the advantage that 
this equipment requires very little 
attention from the maintenance men, 
leaving their time free for other 
duties. Diagram C of Fig. 4 shows 
the connections of the above fan 
motors and indicates where the extra 
resistance was inserted. 

A quick method of calculating the 
amount of resistance required for a 
given motor is to divide the line 
voltage by one and a half times the 
full-load current. Thus, resistance —= 
(line voltage — full load current X 
12). This value of resistance will 
allow an inrush of less than 150 per 
cent full-load current, which is per- 
missible in most cases, since the 
resistance of motor leads, interpole 
coils, etc., will be included and may 
reduce the inrush 10 to 20 per cent. 
If the resistor is installed with an 
ohmic value calculated as above and 
taps provided, it is an easy matter in 
case of necessity to cut out a little 
resistance after the equipment is put 
into operation: much more easy, in 
fact, than to add more resistance. 
Another advantage is obtained by 
having a little extra resistance 
available; in case a grid fails the 
tap can be changed, thereby putting 
one of the extra grids into service. 
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Facts for Your 
Transformer 


Data File 


With a few pointers on 
checking up your own 
knowledge on the subject 


ODAY less attention is given to 

a transformer serving an in- 
dustrial plant than any other piece 
of electrical apparatus after it has 
been installed. It has no moving 
parts and, therefore, has no squeaks 
nor groans to indicate the want of 
attention, and unless lightning comes 
along and plays havoc with the wind- 
ings, the transformer stays on the 
job in spite of the mistakes or the 
indifference of the men whose job it 
is to look after it. As a matter of 
fact, some transformers that have 
been on the job for the past ten or 
fifteen years should be given a per- 
manent vacation in a nearby junk 
yard. A transformer will never 
actually wear out, but it will get 80 
old, based on the core losses of 
newer designs, that the cost of 
energy to supply these losses will 
more than justify the purchase of 
new units on the basis of the pos- 
sible saving in energy actually con- 
sumed in the transformer itself. 
Except when used by central sta- 
tion companies, power transformers 
are often purchased today like sugar 
and salt, as needed and with few 
questions asked except the price and 
the delivery date, and the delivery 
date will frequently be the deciding 
factor simply because someone has 
delayed an investigation of the sub- 
ject and finds himself forced to buy 
a pig in a bag because he must have 
a transformer on a certain date. 
It is my purpose on this occasion 
simply to point out a few things 
about the selection and purchase of 
transformers. For instance, when 
you are called upon to buy a trans- 
former for a particular service, low 
price and light weight are not a good 
basis to use. You should know how 
to determine the following points: 
(1) The ratio of iron and copper 
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losses that will make the total cost 
of the transformer losses a mini- 
mum. (2) The total cost of the 
transformer during its estimated 
life, including its first cost price and 
the total cost of its losses. Then you 
should know something about trans- 
former construction in order to pur- 
chase designs and sizes that will be 
suitable for changes and rearrange- 
ments that come about as time goes 
on and operating conditions change. 

The bulletins of manufacturers 
often furnish much good, practical 
information along these lines and 
engineering handbooks contain some 
useful suggestions, but the best 
source of information is articles pub- 
lished by men who have given seri- 
ous thought and study to transformer 
problems. There is one little pub- 
lication that gathers up these prac- 
tical articles and reprints them and 
from this I personally get a lot of 
practical pointers and think enough 
of it to carefully file it away for 
handy reference. This little publica- 
tion is called “Kuhlman Kurrents” 
and is issued each month by a trans- 
former manufacturer. If you would 
like to know how to secure a copy of 
this publication I will be glad to give 
you the mailing address, if you will 
drop me a note asking for it. Then 
again, there are at least two bulle- 
tins issued by The Electric Power 
Club that every operator should have 
in his information file. These are 
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known as “Transformer Standards” 
and “Instructions for the Installa- 
tion, Operation and Care of Distribu- 
tion Transformers.” These two 
copies will cost you about 60 cents 
but once you have them you would 
not part with them at any price. 

These days, if you are going to 
stay in the electrical game, you must 
be an “Iser and not a has-been” as 
Elbert Hubbard used to say. And 
since I find that industrial plant men 
know less about transformers than 
they know about much more in- 
tricate electrical equipment, it seems 
to me a good chance for the energetic 
young fellows to get into the first 
ranks of those familiar with this 
subject as applied to industrial plant 
work, for you never know when you 
may be called upon to say you do or 
you do not know enough about 
transformers to spend your firm’s 
money and get proper value therefor, 
or to tell when old units are costing 
too much money from high core 
losses to keep them in service. 


G CAG 
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Draw on the Experience of Other Men 
in Solving Your Problems 

F ONE chooses he can go his own way alone, in so 

far as his job is concerned, handling it to the best 
of his ability and asking no questions of anyone. How- 
ever, unless he is possessed of unusual ability the 
<hances are that he will not accomplish the results or 
attain the success that could be his if he would avail 
himself of the knowledge born of experience that other 
men working along similar lines could give him. 

Therein lies the value of technical publications and 
the various engineering societies and associations, such 
as the Association of Iron and Steel Electrical 
Engineers, whose Twenty-second Annual Convention is 
announced on another page of this issue. | 

On the one hand, technical publications bring to your 
desk a written, continuous record of the progress made 
by other men working in their particular fields. On the 
other hand, attendance at gatherings of the character 
indicated above affords an opportunity to meet and dis- 
cuss with men of wide experience those problems which 
must be met and solved in every industrial plant. After 
all, these problems differ, for the most part, in detail 
rather than in principle. 

Apart from the valuable and inspiring friendships 
that are certain to result, the opportunity of drawing 
upon a storehouse of knowledge that represents more 
experience than one could hope to obtain in several 
lifetimes, should be regarded as a privilege that is not 
to be taken lightly. 


Do Not Let Quick Decisions 


Get You Into Trouble 


EVERAL serious blunders which were made by a 
young operating executive, and eventually led to his 
removal from a position of authority, were said by some 
of his associates to be due to a lack of engineering 
knowledge. In expressing this opinion these fellow- 
workers made the same sort of error that led to the 
other fellow’s downfall—they took a snap judgment 
without knowing all of the circumstances. As a matter 
of fact, this young engineer did not lack either training 
or experience, but when he had to decide several impor- 
tant matters he gave his decisions on the spot, with no 
apparent study or foresight. Under the circumstances, 
his decisions were little more than guesses—and it 
turned out that his guesses were wrong. 
Whether his actions were due to a desire to appear 
more competent than he really was, or whether they 
were the result of mental laziness that kept him from 
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digging out all of the facts, need not be discussed here. 
There is no doubt however, that many errors of judg- 
ment in engineering matters are the result of snap 
decisions or guesswork, rather than a real lack of suf- 
ficient technical knowledge or experience to solve the 
problem correctly. 

In many cases, when trouble with equipment is traced 
down it is found to be due to misapplication rather than 
to any real defect in design or manufacture. Someone 
who did not take the trouble to determine all of the 
facts tried to make the equipment do something, or 
operate under conditions, for which it was not suited, 
and trouble resulted. 

Of itself, the ability to make quick decisions is com- 
mendable rather than otherwise, and when it has a 
sound basis of experience, there is no objection to 
exercising it. However, when this ability is merely 
assumed, such decisions are little more than guesses 
which are just about as likely to be wrong as correct. 


How Often Do You Pull and Clean 
Your Knife Switches? 


HAT poor contact, with consequent high resist- 

ance, in the jaws of knife switches may be the 
unsuspected cause of a good deal of trouble was shown 
by two cases which recently came to light. 

In the first instance, one leg of a 1,500-amp., three- 
pole service switch in a large office building suddenly 
melted and caused considerable annoyance until the 
cause of the trouble was located. Upon investigation it 
was found that the load was in the neighborhood of 
600 amp., considerably less than the rated capacity of 
the switch, which it was then recalled had been heating 
for some time. Examination of the switch showed that 
the contact surfaces of the blades and jaws were black 
and badly pitted from small arcs. So far as could be 
determined this switch had not been pulled for several 
years, perhaps not since it was installed. Dirt and the 
natural tendency of copper to tarnish and corrode had 
in time increased the resistance of the contact surfaces 
until serious heating took place, which further aggra- 
vated conditions until failure occurred. 

In the second case, complaints of low vcltage on some 
of the branch circuits in another large building created 
a suspicion that the feeders were too small for the load 
carried. However, checking the size of the feeders 
against the load showed that there was an ample margin 
of safety. The trouble was eventually traced to the 
service switch, which was heating badly and introduced 
enough resistance into the circuit to cause a decided 
voltage drop. As in the previous case the contact sur- 
faces were badly discolored and pitted. When the switch 
was cleaned and put in proper condition there was no 
further trouble. 

The remedy for such conditions is obvious: Pull all 
knife switches frequently and polish the contact sur- 
faces of both blades and jaws, making sure that the 
latter grip the blades firmly. 


™ 
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Education in Material Costs Will 
Help to Prevent Waste 


REVENTING waste of the materials and supplies 

used by the maintenance and repair departments is 
oftentimes a rather difficult problem. Comparatively few 
workmen are deliberately wasteful of the materials they 
use, and when one such individual is discovered a 
friendly word of caution may be all that is needed to 
bring about the needed change of habits. 

The carelessness or thoughtlessness that most of us 
possess to a greater or less degree presents, however, a 
much more difficult situation. It is carelessness more 
than anything else that causes a workman to draw out 
more wire, conduit or whatnot than he needs for the 
job in hand and leave the excess lying around until it 
becomes useless, or else quietly consign it to the junk- 
pile, when no one is looking. 

In most cases the real reason for this carelessness or 
indifference is a combination of ignorance of the cost 
of materials and failure to realize that these cost money. 
With a well-stocked storeroom to draw from it is easy, 
perhaps natural, to adopt the attitude that “there is 
plenty more where that came from“ —an attitude that 
is fatal to the economical use of material. 

Along the same line is the tendency of many workmen 
to use expensive materials, for example special wire, 
when cheaper, standard material would be entirely satis- 
factory. Individually these little wastes may not be very 
important, but in the course of a year their total may 
well be enough to increase the cost of maintenance and 
repair work considerably. 

One of the most effective means of combating care- 
lessness of this sort is a campaign of education in the 
cost of the materials and supplies used. If a workman 
can be taught to think of these in terms of dollars and 
cents per foot or per pound, they will assume a new 
measure of value in his eyes and he will be far less 
likely to waste them needlessly. 


A Squirrel-Cage Motor Takes Advantage 
of an Easy Master 
HEN laying out an installation of equipment it is 
usually more economical in the long run to allow 
a liberal margin of reserve capacity to take care of 
unexpected overloads and normal growth. Not only will 
time and money probably be saved later on, but there 
is the satisfaction of knowing that the present installa- 
tion will safely handle any likely demands. In the case 
of most items of equipment found in industrial plants, 
the possession of a reserve capacity even largely in ex- 
cess of the present requirements is not of serious con- 
sequence. Some capital will be tied up needlessly in 
heavier equipment than is required, and operating losses 
of one sort and another may be increased, but that is 
about all. 
Squirrel-cage motors are one of the exceptions to this 
general rule. This type of motor possesses many desir- 
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able features, but one of its weak points is that at loads 
much below rating the power factor falls off rapidly, 
particularly in the case of slow-speed motors. If many 
underloaded squirrel-cage motors are in use in an indus- 
trial plant the power factor may easily be reduced to 
the point where it becomes an expensive and serious 
problem. 

Consequently, when selecting a squirrel-cage motor for 
a given application, it should be remembered that this 
type of motor operates at its maximum power factor and 
efficiency at somewhere near rated load. This means 
that the power requirements must be known, or deter- 
mined as accurately as possible. Ordinarily it is not a 
difficult matter to determine the power required to 
drive a machine or lineshaft, and the time and effort 
involved in so doing will be well spent. Naturally, any 
unusual load conditions must be given due consideration, 
and good judgment must be used in allowing for prob- 
able overloads, but aside from this, an excess of capacity 
in a squirrel-cage motor should ordinarily be considered 
as a liability rather than an asset. 


A Well-Equipped Electrical Repair Shop 
Will More Than Pay Its Way 


OES your electrical repair shop consist of a work- 

bench, an armature rewinding stand, a few reels 
of wire, some rolls of tape, and a can of paint, or is 
it a small factory equipped to do rebuilding of damaged 
equipment? Many executives think of the repair shop 
as a non-producing part of the plant, and consequently 
slight it when obtaining shop equipment. 

Three steel plants that the Editors have recentiy 
visited had repair shops that were nothing more than 
a miscellaneous collection of cast-off machines and junk. 
As a direct result, the quality of repair work has suf- 
fered and a high repair cost has been accepted by the 
management as an unavoidable necessity. 

All three of these plants are now engaged in 
building modern electrical repair shops, for the electrical 
superintendents have at last been able to convince their 
superiors that these are a good investment. Only one 
shop visited, and which is now completed, contains com- 
plete equipment for repairing motors and control equip- 
ment and also for doing the machine work that is 
necessary in this connection. A partial list of the equip- 
ment in it includes coil winding equipment, two drill 
presses, banding lathe, standard lathe, armature press, 
shaper, dipping tank, modern baking oven, complete elec- 
trical storehouse, and even a ball-bearing-equipped over- 
head traveling crane to serve the shop alone. This shop 
is as completely equipped as the motor assembly floor 
of a small motor manufacturer. 

The result is that the repaired electrical equipment 
will be as good as new equipment of the same type 
obtained from the manufacturer. It is on this basis 
that modern and complete repair equipment in the repair 
shop can be justified, and will effect a substantial return 
on the investment. 
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Annual Convention of 


INDUSTRIAL ENGINEER 


Association of Iron and 


Steel Electrical Engineers 


which will be held in connection with the Iron and 


Steel Exposition at Chicago, Ill., June 7 to II, 1926. 


NUSUAL efforts have been put 

forth to make the Twenty-second 
Annual Convention more interesting 
and a greater success than ever 
before. 

The convention has been planned 
with the thought of answering the 
question of what are the accomplish- 
ments of the industry, keeping in 
mind the tendency of the times. 
From the program shown in the ad- 
joining box it will be seen that the 
subjects covered are of direct inter- 
est to every engineer and executive 
in the iron and steel industry. 

This year’s convention will be held 
at the Hotel Sherman, Chicago, III. 
A new feature, and one which should 
help to make the convention a greater 
success, is that all of the convention 
activities will be under one roof. 
With the exception of the meetings 
of the Safety Session, all of the 
papers and discussions will be pre- 
sented in the Crystal Room of the 
hotel. The exhibits of the Iron and 
Steel Exposition will be held in the 
Exposition Hall and Ballroom com- 
bined, while the social affairs will 
take place in the Louis XVI Room 
and the Bal Tabarin of the same 
hotel. 

The Iron and Steel Exposition, 
more aptly termed the “Million Dol- 
lar Engineering Exposition,” will be 
larger and better than ever before. 
Thirty-five thousand square feet of 
space will be devoted to displays of 
manufacturers, showing the latest 
developments in electrical, mechan- 
ical, combustion, and safety equip- 
ment devised for steel mill use. 

This association, as its name indi- 
cates, is an organization of the 
electrical engineers of the iron and 
steel industry. In 1907 at a meeting 
of representative electrical and 
mechanical engineers to inspect a 
special exhibit of electrical ap— 
paratus for use in steel mills, at one 
of the plants of a prominent manu- 
facturer, it was suggested that a 


national organization be formed to 
promote a closer spirit of co-opera- 
tion between the engineers of the 
industry. Since this time rapid 
strides have been made in the indus- 
try, particularly in the application of 
electrical energy to its power prob- 
lems. Due to the interchange of 
thought brought about by this as- 
sociation, electrification of the steel 
industry has proceeded at a more 
rapid and successful rate than has 
the electrification of any other in- 
dustry. As time went on the Associ- 
ation broadened its activities. In 
1912 it founded what is now known 
as the National Safety Council. At 
a later date when the waste of heat 
in steel mills became more generally 
recognized, a Combustion Division 
was formed, which was to be devoted 
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to solving the heat and fuel problems 
of the industry. Last year it was 
felt that, in the last analysis, safety 
in the steel mills rested upon the de- 
gree of co-operation obtained be- 
tween the safety man and the en- 
gineers who know the inherent char- 
acteristics of the machines that 
must be guarded. With the view of 
promoting co-operation between 
these two groups of men, the Safety 
Division was organized. As a result 
the Association’s activities now en- 
ter the fields of electricity, heat, and 
safety, as applied to the steel mills. 

The Association of Iron and Steel 
Electrical Engineers is the only or- 
ganization devot ing its attention 
primarily to industrial power prob- 
lems, and specifically to the applica- 
tion of electrical energy in the iron 
and steel industry. The same gen- 
eral problems interest and must be 
solved by men in all other indus- 
tries and it is for this reason that 
INDUSTRIAL ENGINEER will report 
the activities of this convention for 
its many readers in other industries, 
as well as those in the steel mills. If 
it is at all possible we would sug- 
gest that you plan to attend this con- 
vention. You will receive a royal 
welcome and be afforded an oppor- 
tunity of exchanging ideas with men 
who have met and solved many per- 
plexing industrial problems. 


Program for Annual Convention of 
Association of Iron & Steel Electrical Engineers 


MONDAY, JUNE 7 


9:00 a.m.—Registration— Mezzanine 


Floor. 

10:00 a.m. — Business Session — 
Crystal Room. 

12.30 p.m. — General Luncheon — 


Louis XVI Room. 

1:30 p. m. — Safety Session — Rules 
for the Safe Operation of Electric 
Overhead Traveling Cranes. — Louis 
XVI Room. 

9:00 p.m. — Informal 
Louis XVI Room. 


TUESDAY, JUNE 8 
ELECTRIC TRANSPORTATION DAY 


10:00 a.m.—Crvstal Room — Econ- 
omies of Steel Plant Railroad Elec- 
trification, by O. Needham, General 
Engineering Dept., and David C. 
Hershberger, Engineer, Railway Sec- 
tion, Westinghouse Electric & Mfg. Co. 

How Electrical Industrial Truck and 
Tractor Equipment Is Effecting Sav- 

i ings in the Iron and Steel Industry, 
by II. J. Payne, Electrical Industrial 
Truck Department, The Society for 
Electrical Development. 

Yard Switching and Mill Transporta- 
tion, by W. P. Potter, Engineer, Rail- 
way Dept., General Electric Co., and 
G. H. Shapter. 


WEDNESDAY, JUNE 9 


10.00 a. m.— Crystal Room—Refrac- 
torles for Use in Steel Plants, by XI. C. 
Booze, Senior Fellow, Mellon Institute, 
| Pittsburgh, Pa, 


Reception — 


Open Hearth Roof Construction, by 
W. J. Harper, Combustion Engineer, 
Donner Steel Company. 

Refractories in Steel Plants. by W. 
H. Kelly, Refractory Engineer, Beth- 
lehem Steel Company. 

Coke Ovens, by N. Conway. 
Combustion Engineer, Wheeling Steel 
Corporation. 

Heating Furnaces, by E. W. Trexler, 
Combustion Engineer, Bethlehem Steel 
Company. 

Gas Producer Operation, by F. E. 
Leahy, National Tube Co., Pittsburgh, 
Pa. 

Standardized Mill-Type Motors, by 
A. C. Cummins, Chairman of Stand- 
ardization Committee. 


THURSDAY, JUNE 10 


10:00 a.m.—Crystal Room Report 
of Electric Heat Committee, by W. P. 
Chandler, Chairman. 

Additions to Rolling Milla, Wheeling 
Steel Corp., Steubenville Plant. by 
M. J. Conway, Combustion Engineer, 
Wheeling Steel Corp., Steubenville, 
Ohio. 

Results of Tents — Four Cylinder 
Poppet Valve Reversing Uniflow En- 
gine Driving a Blooming MU, by M. J. 
Conway. i 

7:00 p.m.— Formal Dinner Dance 
Bal Tabarin. 


FRIDAY, JUNE 11 


9:00 a. m.— Inspection Trlp—lIIlinois 
Steel Co., Gary, Ind. 

1:00 p. m.— Golf Tuurnament — Gary 
Country Club. 
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Who Can Answer 
These? 


Use of Non-Metallic Gearse—I wish that 
our readers would give me their ex- 
perience with the so-called non-metallic 
gears. We have several gear drives 
which wear rapidly, due to irregular 
loading, and soon become noisy. If 
should use non-metallic gears would I 


have to use pinions with wider faces, and 


also have to replace the present gears 
with others having wider faces? If so, 
approximately how much wider would 
the faces have to be? 

Des Moines, Iowa. J. F. K. 


s $ $ $ 


Method of Controlling Brush-Shifting Motor 
—I should appreciate it very much if 
some reader would tell me the different 
and proper ways of controlling a type 
BTA, General Electric, adjustable-speed, 
brush-shifting, alternating-current motor. 
I should like to know what type of con- 
trol should be used, and any information 
or explanation of the principles under 


which this controller works will be 
greatly appreciated. 
Passaic, N. J. H. V. 


s $ $ s 


Charging Storage Batterles— Will some 
readers of these columns please inform 
me how, if possible, I can make up a unit 
to charge small storage batteries from 
a 220-volt, direct-current power supply? 
The storage batteries range from 1 cell 
(2 volts) to 6 cells (12 volts) in poten- 
tial and up to 240 amp.-hr. in capacity. 
Can I charge these batteries from a 
lamp bank? If so, how many and what 
size of lamps should I use, and how 
should they be connected? Any other 
information that readers can give me 
along this line will be greatly appre- 
ciated. i 
Chicago, III. W. A. B. 


$ s $ $ 


Why Do These Motora Stall?—The motors 
on two Yale and Towne electric hoists 
are giving us trouble and I wish someone 
would tell me how to remedy it. One 
hoist is of l1-ton capacity and is driven by 
a 220-volt, three-phase, 60-cycle, six-pole 


motor. The other hoist is of 4-ton ca- 
pacity and is also driven by a three- 
phase, 220-volt, 69-cycle motor. If a 


load of 200 Ib. or more is placed on the 
hooks the motors will stall, although they 
seem to run at full speed at no load. This 
trouble started suddenly. The mechani- 
cal part of the hoists has been inspected 
and appears to be in good condition. Your 
suggestions will be very welcome. 

Tola, Kan. T. R. P. 


$ 2 s s 


Excessive Wear on Brake Wheels — Me use 
magnet-operated, shoe-type brakes on 
many of our steel mill auxiliary drives 
such as manipulators, side guards, screw- 
downs, crane hoists, and the like. There 
is excessive wear on the brake wheels 
and I should like to know how other 
readers have corrected this trouble. The 
brake shoes pressing against the wheel 
are lined with “Thermoid” or similar 
brake lining and the wheels are ma- 
chined from 0.20 per cent carbon steel; 
yet the wheels show distinct grooves and 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


ridging in less than 6 mos. service. 
Should harder steel be used, or will heat- 
treating the brake wheels be of benefit? 
I should like to learn the experience of 
readers in regard to the latter. 

South Chicago, IIlinois. W. A. F. 


s $ s $ 


Correcting Power Factor—We are planning 
to electrify the drives in our planing 
mill, which will require about 600-hp. in 
440-volt induction motors, and I estimate 
that our ower factor under average 
conditions in this mill will be about 70 
por cent lagging. I have a 440-kva., 
95-amp. 440-volt synchronous motor 
which I plan to use on a fan in the 
praning mill that will require about 150 
p. to drive it. This is in addition to 
the 600-hp. load previously mentioned. 
I should like to know how much improve- 
ment in power factor I can obtain by 
over-exciting this synchronous motor 
when it is connected to the same feeder 
as the rest of the planing mill load and 
while it is driving the 150-hp. load. I 
must have a power factor of at least 90 
per cent lagging on this feeder and any 
additional improvement that I can obtain 
will be very welcome. Can some reader 
calculate for me or tell me how to deter- 
mine the resultant power factor if I use 
the synchronous motor as I have ex- 
plained above? I should also like to 
obtain the views of readers as to 
whether it would be better to use static 
condensers instead of the synchronous 
motor for correcting the power factor in 


this mill. 
Bellingham, Wash. E. M. D. 


$ $ 6 s 


Changing Single-Phase Motor for Three- 
Phase Operation—I have a General Elec- 
tric, form C, 60-cycle, 220-volt, 1-hp., 
single-phase, 1,800-r.p.m., motor con- 
nected as shown in the accompanying 
diagram. The armature has 36 slots, an 
36 coils, having 20 turns of No. 19 wire 
wound two in parallel. The coils are 
arranged in groups of 4 and 5 coils per 
group as shown. (1) How should this 
winding be connected for use on a 
Single-phase supply? (2) It is desired to 
connect the motor and operate it from 
a three-phase supply. Is it possible to 
change or reconnect the winding to 
secure this result? I shall greatly ap- 
preciate any information or help that 


readers can give me about this mctor. 
Brooklyn, N. Y. W. M 


36 Slots 
2 36 Carls 
1-8 Coil pitch 
20 Turns 

No.19, 2 par: 


Ao 2 


The only restriction is that 


283 


— —— ͤ—E6—6— 


Answers Received 


To Questions Asked 


What Are the Comparative Advantages of 
Two-Point and Four-Point Adjustable 
Hangers?—I am planning on installing 
an additional section of lineshaft and 
would like to get the opinions of other 
readers about whether to use two-point 
or four-point adjustable hangers. What 
are the advantages of each from the in- 
stallation, operation, and maintenance 
standpoints? Would these advantages be 
worth the difference in cost? This will 
be a 11; in. shaft. 50 ft. long. The 
present Installations are all two-point 
adjustable hangers. Will other readers 
tell me what they would use and why? 
Indianapolis, Ind. B. K. W 


In response to B. K. W.’s inquiry, I 
believe that the four-point adjustable 
hangers are generally accepted as the 
most desirable. The ease of making 
minute adjustments, vertically and hori- 
zontally, by means of the adjusting 
screws, is a material advantage from 
the installation point of view. Also, in 
case of warpage, shrinkage, or yielding 
of the structure to which the hangers 
are fastened, the bearing proper can 
usually be adjusted without disturbing 
the mounting of the hanger proper. 

The boxes with bearings on all four- 
point hangers are designed for easy 
removal, which is an advantage should 
it become necessary to replace a worn 
bearing. I would use the four-point 
adjustable bearing hangers for the fol- 
lowing reasons: (1) Saving in time in 
the initial installation. (2) It is com- 
paratively easy to align the shaft. (3) 
It is comparatively easy to correct mis- 
alignment due to yielding of hangers, 
supports, and so on. (4) Bearing boxes 
are readily replaceable. E. H. LAABS. 
Engineer, 


The Cutler-Hammer Mfg. Co. 
Milwaukee, Wisconsin. 


* * . * 


Regarding B. K. W.’s question, the 
writer would say that in his experience 
the four-point hanger is practically al- 
ways preferable to the two- point hanger 
for line- and countershafting. Nearly 
all hangers have slots or elongated 
holes in their feet which allow them to 
be adjusted sidewise or perpendicularly 
to the line of the shaft. Setscrews are 
also provided in the hanger frames for 
vertical adjustment of the boxes in 
which the shaft revolves. 

The four-point hanger has setscrews 
in each side of the frame in addition to 
the top and bottom setscrews; in this 
way adjustment of the box within the 
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frame is provided in both directions. 
With the two-point hanger, where the 
setscrews provide vertical adjustment 
only of the box, the lateral adjustment 
is secured by loosening the nuts on the 
bolts in the hanger feet and shifting 
the entire frame in the required direc- 
tion. Obviously it is much less trouble- 
some to secure the lateral adjustment 
by means of the setscrews in the frame. 
When the nuts on the bolts in the feet 
of the frame are removed, there is for 
the moment no support for the shaft at 
that point and it has to be supported 
while the entire hanger frame is 
shifted. 

It might interest B. K. W. to know 
that standard steel sections can now be 
secured for supporting shaft hangers. 
These sections, used in the same way 
that wooden stringers have been used, 
allow any required amount of lateral 
adjustment for the hangers. In other 
words, the hanger can be slid along the 
steel section by means of a sliding bolt 
seat. These sections are clipped into 
place in wood, steel or concrete build- 
ings and no holes have to be provided 
for the feet of the hangers. 


Vice-President, P. L. PRYIBIL. 
Midwest Steel & Supply Co., Inc., 
New York, N. Y. 


k W k k 


Changing Slip-Ring Motor to Squirrel-Cage 
Type.—I wish to change the rotor of a 
wound-rotor induction motor so that it 
will operate as a squirrel-cage motor. I 
have rewound the stator for 900 r. p. m. 
instead of 600 r.p.m. as originally. 1 
have removed the clips from the rotor 
winding and have the coils ready to 
short-circuit on themselves. Will it be 
necessary to change the rotor coil span 
in order to make the motor operate ef- 
ficiently? Should I put a ring at each end 
of the rotor and connect all of the rotor 
conductors to it, thereby making the 
winding quite similar to a squirrel-cage 
winding? Is there a quicker or better 
way than I have mentioned for convert- 
ing the wound-rotor winding into a 
squirrel-cage winding? I would like to 
obtain the opinion of other readers as to 
the advisability of making this change 
In the winding. 

Bessemer, Ala. O. 8. 

The data given do not state whether 
the rotor is wave or lap wound; how- 
ever the following discussion will cover 
either case. If the rotor winding is of 
the wave-wound type, short-circuit the 
rings; or if rings are to be removed, 
short the three leads from the winding, 
making a permanent connection. Do 
not disturb the present connections of 
the individual coils; that is, leave the 
winding as it was for 600 r.pm. Then 
remove the insulation from the top 
layer of leads for a distance of approxi- 
mately 2 in. back of the clips. A bronze 
wire band (No. 10 B. & S. gage) is 
then run over the copper leads thus 
exposed. This band should be soldered 
to the leads which it covers, with a tin 
solder, not half-and-half solder. The 
points where the connections are made 
to bottom leads for star leads, or re- 
versing jumpers, should be connected 
to the top clips. 

The object of the bronze wire band is 
to connect the top and bottom leads to- 
gether, thus shorting all coils. This is 
the quickest way of arriving at this 
result. However, if O. S. has all the 
clips removed and the leads bent in 
towards the center of the coil it will 
be satisfactory to short each coil on 
itself. The coil pitch in this case will 
be satisfactory. 
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It will not be necessary to connect 
a ring to the ends of the coils; neither 
will it be necessary to cut open the 
rear of the coils, nor to add a ring to 
the rear of the coils. 

The motor with the rotor connected 
in this manner will have low starting 
torque and will require the use of the 
high-voltage tap of the starting com- 


pensator. 
Wilkinsburg, Pa. A. C. ROE. 


* * * * 


Trouble with Solder.— We are having con- 
siderable trouble in making soldered 
joints hold on rectangular wire in coils 
that are subjected to rather high tem- 
perature, such as might be the case in 
series field coils and brake series coils. 
We have tried an 80 lead—20 tin solder, 
but it melts due to the excessive heat. 
Can our readers suggest any methods 
that will enable us to join these wires 
together in a manner that will stand 
rather high temperature? I shall be 
very much indebted to any reader who 
can give me some help in this matter. 
Norton, Va. W. H. 


In regard to W. H.’s question, I be- 
lieve he will find brazing the best proc- 
ess for connecting two ends of wires 
together for use where there is exces- 
sive heat. Take a piece of hard carbon 
and file a slot large enough to take the 
size of wire to be used. Clean the wire 
thoroughly and space the ends 3 in. 
apart in the carbon slot. A welding 
torch with the smallest tip available is 
best for welding so small a joint, but 
a gasoline blow torch can be used if it 
throws a large flame. 

When the joint is at a good red heat 
apply Brazo fluz which is manufactured 
by the Oxweld Acetylene Co., Long 
Island City, N. Y. After applying this 
flux very freely, add enough spelter, a 
brass alloy, to fill the 3-in. gap between 
the wires and hold the torch flame on 
this joint until the spelter runs freely. 
Allow the soldered ends to cool slowly 
in the air but do not apply water as it 
will make the brazed joint brittle. 

Where a joint of this type is used in 
a coil try and cut the wire so it will not 
make a bend at the joint. After the 
joint has cooled file it down to the size 
of the wire. From my experience a 
splice of this kind has always made an 
ideal connection. C. L. PHELPS. 


Electrical Dept. 
Illinois Central Railroad Co., 
Centralia, III. 
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Referring to W. H.’s question, the 
melting point of an 80 lead —20 tin 
solder is high enough for most purposes. 
It seems to me that something else 
must be wrong to melt this composi- 
tion of solder which has such a high 
melting point, unless the solder has not 
been applied correctly. 

The joining together of such connec- 
tions is best accomplished by riveting, 
if conditions make it possible. In any 
event binding wire can be used on the 
splice for mechanical strength and good 
soldering. The wires might be silver 
soldered if it is possible to secure the 
necessary heat to do the job properly. 
However, if the machine were mine, I 
would investigate the conditions that 
cause a temperature high enough to 
melt solder. E. J. MORRISSEY. 


Chief Electrician, 
Western United Gas & Electric Co., 
Aurora, III. 
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Winding Data for Growler.—I wish to 
build a growler of the dimensions shown 
in the accompanying diagram, for use 
in testing armatures in our shop. It is 


my intention to wind this growler with 
No. 12 


double-cotton-covered magnet 


wire and I wish some reader would tell 
me the number of turns of wire to use 
and also the depth of laminations re- 
quired. I want to use this growler on 
110-volt alternating current. Any infor- 
mation that readers can give me about 

making up this growler will b 1 

appreclated. J. M. M. 

attiesburg, Miss. 

In reply to the question by J. M. M. 
regarding the size of wire and number 
of turns to use on a growler for arma- 
ture testing, the following may be 
useful. 

The dimensions of the growler which 
I recommend are nearly twice the size 
of the one specified by J. M. M., but 
the principle of operation is the same. 
The width 5 in. should be 9 in.; the 
thickness of the core, 11 in., should be 
23 in.; the coil space of 21 in. should be 
4 in.; the height, 4 in., should be 7 in.; 
and the length, not given, should be 
6 in. 

This growler is wound with 60 turns 
of No. 6 d.c.c. magnet wire. I think if 
J. M. M. will stack the laminations 
about 4 in. thick and use 100 to 120 
turns of No. 12 d.c.c. wire, he will ob- 
tain satisfactory results. An excellent 
book recently written covering this sub- 
ject and many other handy repair shop 
“kinks” is entitled, “Rewinding Small 
Motors,” by Braymer and Roe. 

Chief Electrician, LEE F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In reply to J. M. M.’s question, I 
would suggest that he use a larger core 
than the one shown in his diagram. 
Instead of the width of 5 in., I would 
recommend using a width of 10% in.; 
make the height 73 in., and the thick- 
ness of the polepieces 11 in. The 
dimension of 2% in. shown on his sketch 
will then become 43 in. and the length 
of the core, which is not given, should 
be 5 in. 

This core should be built of thin 
sheets of iron and held together by 
4-in. brass plates and brass bolts. The 
bolts in these plates should be counter- 
sunk and riveted over after the plates 
have been tightly drawn together by 
a clamp or vise. The core laminations 
can be drawn up tightly by bolts in 
four of the five holes which are equally 
spaced; the clamp may be applied near 
the fifth hole when putting in the first 
rivet. Then the bolts may be taken out 
one at a time when putting in the 
other rivets. 

This core should be wound with 180 
turns of No. 10 d.c.c. magnet wire for 
60-cycle, 220-volt service; for 60-cycle, 
110-volt service use 90 turns of No. 7 
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B. & S. gage, d.c.c. magnet wire. I 
would advise J. M. M. not to wind this 
coil with No. 12 wire, as it will prove 
to be too small to obtain good results. 


HARRY J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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In reply to J. M. M., judging from 
the size of iron specified and voltage, 
I assume that this growler is to be 
used only on small armatures. 

I have a growler approximately the 
same size as the one which J. M. M. 
shows in his sketch. The only differ- 
ence is that the height is 5 in. instead 
of 4 in. and the thickness is 14 in. 
instead of 14 in. This growler has 
160 turns of No. 15 wire and is used 
on 220 volts. The coil is wound in two 
sections in order to adapt it for opera- 
tion on either 110 or 220 volts. At 
times the two coils are used in parallel 
on 220 volts, if it is desired to heat a 
coil up quickly. 

If J. M. M. will wind his growler 
with 70 turns of No. 12 wire, I am sure 
it will be found quite satisfactory for 
general use. When using a winding 
that contains larger wire and less 
turns, it will be found that when test- 
ing armatures having fine wire, the 
induced current may be heavy enough 
to burn the armature winding open 
before the short can be located. 

I also have a larger growler wound 
with two coils, one on each leg, each 
wound with 50 turns of two No. 6 wires 
in hand or a total of 100 turns. The 
dimensions of this growler are 12 in. 
in width, corresponding to the 5 in. on 
the diagram of J. M. M., and 12 in. in 
height instead of 4 in., with a thickness 
of 4 in., instead of the 13 in. shown. 
When this winding is used across 220 
volts to test a 5-hp. armature, it draws 
102 amp. from the line. The larger the 
armature under test, the smaller the 
amount of current taken from the line. 

NICHOLAS J. WEISS. 
West New York, N. J. 


* * + * 


Is Hard-Drawn or Cast Copper the Better 
Material for Commutators?—I would 
like to find out the difference in oper- 
ating characteristics, if any, between 
commutators made from _hard-drawn 
copper and from cast copper. In the 
advertising literature of many of the 
large manufacturers of motors and 
generators, commutators are frequently 
described as being made of hard-drawn 
copper. Some repair shops furnish com- 
mutators made from cast copper. Which 
material wears the longer? Which mate- 
rial will polish better under the brushes? 
Does the sand in the cast copper cause 
eating away of the mica segments 
between the bars? Would the use of cast 
copper segments cause excessive heating 
of a generator or motor? I shall appre- 
ciate any information or comments that 
readers can give me regarding their ex- 
perience with either type of material. 
Cleveland Heights, Ohio. 


Replying to the question by C. B. K., 
asking whether hard drawn copper or 
cast copper is the better material to 
use for commutators, I would say that 
a few years ago I had charge of a 
small, direct-current generating station 
in which the commutators were made 
of cast copper. These commutators 
were a continual source of trouble, as 
there were soft and hard places in 
them which resulted in very uneven 
wear. By the time the harder side ob- 
tained a polish, the softer side would 
be worn down to the mica, which re- 
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sulted in having to turn down the com- 
mutators about once a month. 

I do not know whether the sand in 
the copper was the cause of mica pit- 
ting, but we had to clean out between 
the bars every day or so. These cast 
copper commutators were replaced with 
some made from hard-drawn copper, 
which are now giving perfect satisfac- 


tion. PHILIP M. EMIGH. 
Chief Engineer, 

Mountain Water Supply Co., 

Indian Creek, Pa. 
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Replying to the question by C. B. K., 
I want to say that my experience over 
a period of 25 years has proved to me 
that the best material is the cheapest in 
the long run. The following statements 
are made from a careful investigation 
of commutator material. 

There is only one thing that can be 
truthfully said in favor of a cast-cop- 
per commutator, and that is, the price 


-Neck or riser 


-Jop surface of bar 


E P 
RL Wings clamp here- l- 


Cast copper segments are subject 
to breakage at points A-B. 


is cheaper than for a hard-drawn cop- 
per bar commutator, especially where 
the commutator has a high solid riser. 
A cast-copper commutator will not take 
on as good a polish as the hard-drawn 
commutator, will not wear as long, and 
will “pit” more. Use of cast copper 
segments causes the mica segments to 
be eaten away sooner and in many 
cases will break at the points A-B as 
shown in the accompanying diagram. If 
the armature has to be rewound, a cast 
bar with a solid-type riser will break 
off at the projections next to the wires 
in the commutator slot more often than 
a hard-drawn bar. 


Norton, Va. WILLIAM HANKS. 
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Replying to C. B. K.’s question as to 
the comparative qualities of cast and 
hard-drawn copper commutator bars, I 
would say from my own experience 
with both, that the hard-drawn mate- 
rial is more satisfactory. Uniformity 
of material throughout the bar is a 
necessity and with cast copper this 
quality is hard to obtain. The hard- 
drawn bar, on the other hand, is inher- 
ently the same all the way through 
and without holes or spongy spots. 

The correct bevel or taper of the 
sides of the bar is hard to obtain with 
castings, but the use of dies or rolls 
for producing the hard-drawn bars 
makes it easy to hold this shape to close 
limits and facilitates the assembly of 
the bars in the commutator. 

In regard to heating, there is little 
difference between the two bars, unless 
the cast bar shows sand or shrink holes 
at the brush contact surface. In this 
event, the contact area being decreased 
heating of the brushes and commutator 
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will occur unless the proportions of 
both are liberal. 

Both materials polish about equally 
well under proper commutating condi- 
tions and both wear evenly unless a 
spongy section shows up in some part 
of the cast bar. This possibility is 
always present with cast bars and when 
through wear a sand hole or a spongy 
part is exposed on the contact surface, 
trouble begins. If a defective spot 
occurs near the edge of a bar, the 
mica may break down due to the accu- 
mulation of carbon dust and grease in 
the sand hole. 

Drop-forged bars come nearer to the 
hard-drawn material in desirability than 
do the ordinary cast bars. However, 
the tool charge on these is much higher 
than on the hard-drawn bar, so that for 
the repair shop, at least, the hard-drawn 
bar has another advantage. The tool 
charge on hard-drawn bars was for- 
merly very high and this gave the cast 
bar a decided advantage, but with im- 
proved methods, this handicap has been 
removed and the cast bar has prac- 
tica'ly no quality to recommend its use. 


Ass't. Chief Engineer, J. M. WALSH. 
Guerney Elevator Co., 
New York, N. Y. 
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In reply to C. B. K.’s question, he 
will find drop-forged copper the best 
to use for making commutators. Com- 
mutators are made of three different 
grades of copper: that is, drop-forged, 
cold-rolled and cast. Cast copper is of 
very low grade and is likely to be 
porous, which makes it difficult to polish 
so as to obtain a good smooth surface. 
Its wearing qualities are from 75 to 
90 per cent of those of hard-drawn 
copper. Cast copper should be used only 
when hard-drawn copper is not avail- 
able. Hard-drawn copper is the longest 
wearing and will also polish better, 
therefore, cutting down brush expense. 

I do not find that sand in cast cop- 
per has any effect on the mica. It has 
been proven that the pores in cast cop- 
per fill with carbon dust off the brushes 
and cause heating. If the pores are 
close to the mica, this heating breaks 
down the mica and causes trouble. 


Electrical Dept., C. J. PHELPS. 
Illinois Central Railroad, 
Centralia, III. i 
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In reply to C. B. K.’s question, it has 
been my experience that the operating 
man who pays attention to the advice 
of the manufacturer has the least trou- 
ble and expense. The manufacturer's 
organization and integrity are founded 
on years of experience and at a con- 
siderable cost in trying to put out the 
best product possible; so when the 
manufacturer advises the use of good 
copper for commutators, he speaks from 
a background of experience in manu- 
facturing and repairing them. 

Rolled copper has all of the good 
advantages in comparison with cast 
copper. Cast copper has about 80 per 
cent of the conductivity of rolled cop- 
per and will not wear as long. Cast 
copper also has impurities, blowholes 
and other defects that may be minute 
enough to be invisible but are detri- 
mental to the commutator. I would not 
blame the eating away of mica directly 
to the sand, as it is more likely due to 
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the poor conductivity of the cast cop- 
per. This poor conductivity is the 
equivalent of overloading a commuta- 
tor and causing heating, sparking and 
other troubles. When one considers 
that cast copper has 20 per cent less 
conductivity, the heating becomes quite 
an item, particularly when a commu- 
tator is designed closely. Good commu- 
tation cannot be expected from a poorly- 
designed commutator or one repaired 
with inferior material. Accordingly, I 
would strongly advise using the highest 
grade of copper, which should be put 
together in the best possible manner 
and should have extremely good care in 
operation, because a commutator costs 


money to repair. E. J. MORRISSEY. 
Chief Electrician, 

Western United Gas & Electric Co., 
Aurora, III. 
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In reply to C. B. K. 's question, asking 
whether it is better to use cast or hard- 
drawn copper for commutator seg- 
ments, I would say from my experience 
that hard-drawn copper is superior in 
many ways. It has less impurities than 
cast copper and consequently has a 
lower resistance, which results in less 
heating. I never have seen a cast 
commutator that could compare with a 
hard-drawn commutator in regard to 
polish and color after it had seen six 
months of service. 

We have obtained commutators from 
four different manufacturers and, with 
the exception of one, they all make cast 
bars because they are cheaper. The 
repair shop is after the cheapest ma- 
terial to meet competition. This is the 
only logical reason for using it, accord- 
ing to my opinion. 

Another point I have against cast 
copper commutators is that very often 
blow-holes are found after machining 
them in the lathe. When an assembled 
commutator is bored out, the end chips 
will invariably dig into the mica. It is 
then necessary to obtain a pick and dig 
them all out. If one chip should push 
its way out of sight, there will be a 
short-circuit when the commutator is 
heated and pressed together. 

I might add that if the commutator 
is of ample size the heating will be of 
little consequence. I do not think that 
enough sand will be found in cast bars 
to cause any trouble in the way of 
short-circuits. NICHOLAS J. WEISS. 
West Newark, N. J. 


* * * * 
Selecting Belts for Oily Work.—We have 


had considerable trouble with the drives 
in the screw machine department of our 


plant due to the belts getting soaked 
with oil. We have been using leather 
belts. I would like to know whether 


there is any treatment I can give these 
belts to make them oilproof or if there 
is any belt which is not affected byv the 
Oil. Also, how do other men with a 
similar problem remove the oil from the 
used belts and put them in condition for 
service again? 
Chicago, III. G. F. H. 
In line with my experience, G. F. H. 
may obtain good results if he will re- 
move the oily belt from the machine, 
and first scrape off all of the oil and 
dirt that he can and then wash the 
belt thoroughly in gasoline until all oil 
is removed. He should not soak the 
belt too long unless he has facilities 
for recementing any joints or laps 
which may be loosened by the gasoline. 
After the belts are dry and free from 
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gasoline he should apply two coats of 
castor oil with a brush on the pulley 
side of the belt; after most of the 
castor oil is absorbed the belt is ready 
for service. 

I do not know of any oilproof treat- 
ment for belts. From my experience, 
leather belts give the best service for 
a drive of this kind, with the exception 
of a chain drive on direct-connected 
screw-machines. 

Marietta, Ohio. E. L. WAY. 


* * * * 


There is to my knowledge no belt 
made which will stand up and give any- 
thing like efficient and continued service 
under the oily conditions too often 
found on screw machine work. Natur- 
ally, the more the belts can be pro- 
tected from the oil spray the better the 
service that can be secured. As it is 
impossible to keep oil entirely off from 
these belts, the only thing to do is to 
keep it out of the belts, because leather 
belts are without question the best for 
this service. I would suggest that you 
thoroughly fill the belt with a belt 
dressing of heavy density. The belt 
cannot thereafter absorb much oil be- 
cause it will already have absorbed its 
fill of a preservative material heavier 
than the oil and which the oil will not 
displace from the fibers of the belt. By 
wiping the surface oil off the belt day 
by day and applying a little belt dress- 
ing, good results can be secured. 

To remove the oil with which the belt 
is saturated, the belt can be immersed 
in gasoline for 48 hr. and then hung up 
to dry, or in place of the gasoline a 
non-flammable belt cleaner, such as 
made by belt dressing manufacturers, 


can be used. WM. D. YOUNG. 
Cling Surface Company, 
Buffalo, N. Y. 


ER k k & 


Armature Bands Overheat.— Five bands 
are used on a 220-volt, d. c. armature 
with which we are having trouble. 
The armature coils slope very sharply 
and to prevent the outside bands from 
Slipping off the ends of the armature, 
the winder soldered copper strips across 
the bands so as to tie them together. 
Six §-in. strips were placed parallel to 
the coils and spaced at equal distances 
around the armature. The bands as well 
as the copper strips are well insulated 
from the armature winding, but the 
bands and particularly the copper strips 
become very hot, presumably from some 
induced current. I would like to know 
What causes this heating and how it may 
be prevented. If it is induced current 
that causes the heating please explain 
what causes this current. Is there any 
way in which I can tie these bands to- 
gether that will not cause the heating 
referred to? 

Oelwein, Ia. L. T. NI. 


L. T. M. asks in a recent issue for 
an explanation of the heating of arma- 
ture bands and tie strips. The vriter 
encountered this trouble some time ago 
when one of our armature winders did 
the same thing that L. T. M. describes. 

The heating is caused by current 
which is generated in the copper strips, 
not in the bands. The strips, being 
parallel to the coils, will cut the mag- 
netic field in the same way that the 
armature coils cut the flux. This 
cutting of flux generates an electro- 
motive force in the strips, and since 
the strips are soldered at each end to 
the bands, the electromotive force or 
voltage causes a current to flow 
through the strip to one band and 
along the band to.the next strip, back 
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to the other band, and along it to the 
first strip. This is a closed path of 
low resistance and the current set up 
may be comparatively large. 

It may not be necessary to tell 
L. T. M. that bands should not be put 
on a sloping surface where they are 
liable to slip off. But if it is necessary 
in this particular case to use tie strips, 
the trouble could be overcome by insu- 
lating the strips from the bands with 
mica, in order to prevent the flow of 
current. 

Another method would be to place 
the tie strips in such a way that there 
would be an equal number of strips 
under similar field poles and no strips 
under the poles of opposite polarity. 
By this means electromotive forces of 
equal value would oppose each other 
and no current would flow. 

R. B. TURNER. 


Manager and Electrical Engineer, 
Johnson-Turner Elect. Repair & Eng. Co., 
Walkerville, Ontario, Can. 
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Answering the question by L. T. M., 
I have had the same experience that he 
described. His armature has five bands, 
two of which are not on the core and 
three which are core bands. Six 
anchor strips are provided to prevent 
sliding of the end bands. The heating 
is caused by induced current in which 
the anchor strips form the circuit. 

This may be corrected by cutting off 
all six of the anchor strips on each 
side of the center core band, leaving 
the one core band on each side to sup- 
port the end bands. 

In my case I had four of these 
anchor strips, each being of different 
width. After running the motor for 
three minutes, the strips smoked, and 
the smallest one fused apart. After 
cutting all the anchor strips open on 
each side of the center band the bands 
were all right. I hope this procedure 
will cure the trouble in your case, also. 
Chicago, III. CHARLES REICHENBACH. 
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Replying to the question of L. T. M. 
in reference to armature band heating, 
the method of connecting the bands 
that is used by L. T. M. gives a short- 
circuited winding revolving in a field 
and will cause heating for the same 
reason that a short-circuited coil in the 
armature will heat, the difference being 
only in degree. There is a field due to 
leakage, much weaker than the field in 
the air gap, in which the copper strips 
are rotating and cutting the flux. This 
sets up an alternating electromotive- 
force in the strips, and the bands com- 
plete the short-circuit. 

To prevent such heating, the strips 
must be so insulated that current can- 
not pass through them from one band 
to the other. L. T. M. could prevent 
the heating if he substituted for the 
copper strips some insulating material 
such as cord, tape or canvas. The 
band itself does not generate a voltage 
in the direction of rotation, but it does 
generate an alternating voltage in the 
direction of the shaft; hence its width 
should not be excessive or it will heat 
itself, Just as the present arrangement 


heats. E. D. CARTER. 
Engineer, 

The Baylis Co., 

Bloomfield, N. J. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The items may 


refer to inspection, overhauling, testing, and emergency or special installations. 


Removing Overload From Motors 
Increased Production 


N SOME plants, motors are over- 

loaded to increase production, but the 
reverse procedure will frequently ob- 
tain the same results, as was the case 
in a plant making armor-plate sections 
for battle tanks during the war. 

The hard, carbon-steel plates, after 
being cut to the required size and 
angle by acetylene torches, were ground 
smooth at the edges on automatic 
planer knife grinders. The plates were 
bolted to a carriage on the machine 
which oscillated them back and forth 
across the edge of a 36-in. by 2-in. 
emery wheel. An automatic feed, which 
was set by adjustment to suit the size 
and type of plate, moved the material 
into the wheel as the grinding pro- 
ceeded. 

Each grinder was individually driven 
by a 5-hp., 1,750-r.p.m., three-phase, 
220-volt, squirrel-cage induction motor 
mounted on the machine, through a belt 
drive on pulleys with 3-ft. centers. 
This alone was very poor design, since 
the belt had to be kept very tight to 
prevent slippage. A chain or link belt 
drive should have been used to obtain 
good results, as the belt tension alone, 
driving the 36-in. emery wheel at 900 
r.p.m. was a good load on the motor. 
Considerable trouble was encountered 
with the motors running hot and slug- 
gish, although the electrician in charge 
could find nothing abnormal, electrically 
or mechanically. The starting compen- 
sators were carefully examined and 
tested, but it was soon proved that they 
were not the cause of the trouble. All 
of the motors were acting similarly, 
which brought up the subject of low 
voltage, or poor power factor, but 
tests proved that these were normal. 

At the time, I was in charge of erect- 
ing some new boards and lines in the 
plant for a construction company. Upon 
the resignation of the chief electrician, 
I accepted the position and set out to 
clear up the trouble. A close survey of 
the machines showed that the plates 
were being fed into the wheels too fast, 
and that a larger cut was being taken, 
to speed up production, than the grind- 
ers could handle. Further examination 
showed that the emery wheels were not 
being trimmed oftener than once every 
few days; in fact, a trimmer was diffi- 
cult to find. The most troublesome ma- 
chine was used for experimenting in 
search of the trouble. 

To remove the overload, the grinding 
wheel was trimmed, the feed reduced 
to normal and the belt tension de- 
creased. As a result, more plates were 
ground in less time than formerly and 


the motor cooled off while running all 
day without a stop. By testing this 
machine for a few days, it was found 
best to trim the wheel slightly after 
three large plates or five of the 
smaller plates had been ground. Trim- 
ming of the wheels and a slower feed 
were then started on all of the machines, 
which increased production from 1 to 3 
plates per machine per day, and the 
motor trouble ended. 

Overloading a machine is seldom, if 
ever, an economical method of increas- 
ing production. CARL G. HOWARD. 
Chicago, III. 


Panel for Remote Control of 
Steam Lines 
NOVEL control panel for the 
remote control of several high- and 


low-pressure steam lines is shown in 
the illustration. This panel was 


The imitation buses represent 
steam lines, which are identified by 
the nameplates. 


Red indicating lamps above and below 
each push button show which valves 
are open. 


designed by the General Electric Co., 
for the Chapman Valve Co. 

The imitation buses on the panel are 
made of polished copper, and represent 
steam lines. The nameplates are en- 
graved with the size of pipe to a par- 
ticular boiler, size of pipe to a certain 
turbine unit, or the location of the 
valves. The push-button stations are 
used only to close valves, each being 
in parallel with the closing button of 
another push-button station located at 
some distance from this panel. The 
“open” control is located at the remofe 
push-button station. As will be noted 
from the illustration, a red indicating 
light is placed above and below each 
push button. 

In the lower right-hand corner of the 
panel there are three push-button 
stations. The upper button controls 
the valve on a high-pressure steam line 
feeding a unit; the lowest button con- 
trols the valve on a low-pressure steam 
line to the same unit, while the middle 
button is a master which can close 
either of the other two valves. As the 
two valves in question are on steam 
lines of different pressure, both can- 
not be open at the same time; one must 
always be closed. The master push- 
button, when depressed, will close the 
open valve, no matter which one it is. 
Buy noting which of the red indicat- 
ing lamps are lighted, it is possible to 
trace any open steam lines from the 
boiler to the turbine unit. 


Motor Grounded by Carelessness 
in Reversing Rotor 


8 months ago, I was called to a 
small commereial establishment to 
find out why a motor was smoking. 
After operating the motor a few min- 
utes, it began to warm up and had to 
be shut down. The bearings were tried 
by prying on the shaft with a screw 
driver inserted in the bearing opening 
of the end bell. The bearings checked 
all right; so the rotor was then exam- 
ined, but it did not show any opens or 
become warm like the stator. I then 
asked one of the workmen nearby if any 
one had worked on the motor recently; 
he replied that the millwright had 
changed the pulley to the opposite end 
of the motor, by reversing the rotor 
and end bells. 

This proved to be the information 
needed, because the rear end bell was 
not designed to fit the front end, which 
was arranged so that the frame pro- 
jected further from the stator lamina- 
tions. Accordingly, when the rear end 
bell was changed to the front where the 
winding connections and stubs were, it 
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was too short. This caused the stubs 
of several coils to be shorted, and also 
grounded because the motor frame was 
grounded. 

In order to clear up the trouble, the 
damaged coils were repaired, after 
which the stubs were bent in toward 
the rotor all the way around the stator 
and a s:-in. fiber ring was cut and 
placed over the end of the winding. 

This motor was a 5-hp., three-phase 
machine of old design. Practically no 
recently designed motors have these pe- 
culiarities. However, this trouble calls 
attention to the fact that if any changes 
are contemplated in motor arrangement 
or if any simple motor troubles occur, 
it is best to call in the electrician. 
Birmingham, Ala. GRADY H. EMERSON. 


Graphic Method of 
Computing Starting Resistance 
for D. C. Motors 


N DETERMINING the amount of 

starting resistance required on each 
step of the starting rheostat, a conven- 
ient and simple graphical method such 
as described in the accompanying 
diagram will be found very useful. 

The maximum current which should 
flow on the first step of the starter 
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Use of a diagram like this will sim- 

plify the work of calculating the 

starting resistance for d.c. motors 
ee AA 


should be only sufficient to start the 
motor. If the starting current is over 
20 amp., the first step should allow 
20 amp. to flow, the second 40 amp. 
and so on until the motor starts. There- 
after, the back emf. of the machine 
gradually increases and the necessary 
series resistance is decreased. A grad- 
ual cutting out of starting resistance 
is required to attain perfectly uniform 
acceleration. This is possible with 
liquid starters, but with wire rheostats, 
the number of contacts is limited be- 
tween the range of 6 to 12 for small 
and medium sizes. The resistance be- 
tween each contact is chosen so that 
on moving from one contact to the next 
one, the current does not rise above a 
predetermined limit depending upon 
the design and construction of the 
motor. 

The armature resistance Ra can 
always be measured according to 
Ohm’s law, ] = E — R. Substituting 
the maximum allowable current for 
starting Im for J, one can compute the 
total resistance R of the circuit, which 
is equal to the armature resistance R, 
plus the rheostat resistance R.. The 
total amount of resistance necessary in 
the rheostat will be R; = R — Ka. 

The graphical layout is made as 
follows: Ra and R, are measured ac- 
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cording to a convenient scale on the 
horizontal axis KO, I, and Jo, the 
maximum and minimum allowable 
starting current respectively, are re- 
presented similarly on the vertical axis. 
The current which would have to be 
uniformly maintained to get the desired 
uniform acceleration would be (Im + 
I,) + 2. Draw the rectangles KODC 
and CDBA as shown. Draw the diag- 
onal OA, and from the point of inter- 
section E on line CD, drop EF per- 
pendicular to AB. Draw line OF and 
from the intersection point G drop 
GH perpendicular to AB, and so on. 
The perpendiculars extended in each 
case intersect line KO and give the 
amount of resistance, R., Rz, Rs, R., 
that should be inserted between starter 
contacts. 1 and 2, 2 and 8, 8 and 4, 
and so on, according to the scale 
previously chosen. These values are 
also proportional to the time that the 
rheostat arm should be held on the 
respective contacts. The potential dif- 
ference between adjacent contacts 
should never exceed 30 to 35 volts. 


PIERRE VAN HERK. 
Bressoux, Liege, Belgium. 


Drum Controller for 
Slip-Ring Motor Rearranged for 
Squirrel-Cage Motor 


N MAKING some changes at our 
plant it was necessary to install a 
squirrel-cage motor for which we did 
not have a controller or starter. In 
looking through our spare equipment 
a drum controller for a wound-rotor, 


induction motor was found, which we . 


thought would be suitable, provided 
we could change it from the secondary- 
resistance type to the primary-resist- 
ance type. The manner in which this 
was done is interesting. 

Fig. 1 in the accompanying diagram 
shows the arrangement of the original 
controller, with three sections a, b, c 
of the short-circuiting segments; these 


The connections of the controller 
were changed as shown below. 

Fig. 1 shows the original connections 
of the controller. For use with a 


squirrel-cage motor, the connections 
were altered as indicated in Fig. 2 


Wound rotor 
motor 


} 1 
— 


Fig. 
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sections are cast in two halves and 
split vertically. In changing the con- 
troller we arranged it as shown in 
Fig 2. It will be seen that section c 
has been removed and sections a and b 
separated by cutting the casting. Sec- 
tions a and b are insulated from each 
other by mica or fiber washers and 
connected to the reversing segments by 
the leads m and n, as shown. 

This arrangement put the resistance 
in the stator side of the motor circuit 
and thus made the controller suitable 
for primary-resistance starting of the 
squirrel-cage motor. It will be noticed 
that line Z, in Fig. 2 is not opened with 
the controller in the “off” position; 
therefore, the motor has one line lead 
always connected to the supply. A line 
Switch should be provided to discon- 
nect the power supply from the con- 
troller, or two additional segments and 
fingers could be added to the controller 
so that line Lı could be disconnected 
when the controller is in the “off” 


position. W. L. STEVENS. 
Westminster, B. C., Can. 


Simple Testing Block for Plug 
and Cartridge Fuses 
HEREVER fuses are used in any 
quantity some convenient, yet in- 


expensive, device is needed for testing 
them out. Otherwise, considerable time 


Strip copper mounted 
on Wad OF Fiber base 


Wer Man 
line cutout for 
plug fuse --- 


To battery or line 


Buzzer 
or lamp; 


A two-wire cutout is connected 
across a source of supply, for test- 
ing plug fuses. 


Cartridge fuses are tested by touching 
the ends to two copper strips mounted 
on a fiber base. A lamp or buzzer 
may be used as an indicator. 


can be wasted and much inconvenience 
caused by trying out several fuses in 
a circuit before one is found that is 
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suitable for use. Oftentimes careless- 
ness in replacing bad fuses with some 
that have not been tested is responsible 
for a hurry-up call for an electrician. 

The fuse-testing block shown in the 
accompanying sketch is very simple to 
make. It consists of a two-wire main 
line cutout for testing plug fuses, the 
screw shells being slit down the sides 
so that the fuses can be slipped in 
easily, and two strips of copper mounted 
on a fiber strip of the size required 
for testing cartridge fuses. A buzzer 
or lamp is connected in the circuit as 
shown to indicate whether or not a fuse 
is blown. The source of current supply 
is connected to the binding posts. 

This device mounted on a test board 
within handy reach will be found very 
useful and satisfactory. 


NATHANIEL W: BLANCHARD. 
Inwood, Long Island, N. Y. 


Handy System for 
Keeping Service Records of All 
Machines in the Plant 


N EVERY industrial plant of con- 

siderable size where there are many 
machines of various kinds, the task of 
keeping a service record of each ma- 
chine’s history, present location, and so 
on, is a difficult one. As a matter of 
fact, many plants do not keep such rec- 
ords, or if they do keep them, these fall 
far short of giving the information re- 
quired. The following gives the details 
of a system used in a large textile 
plant where 15,000 machines including 
motors are in active use; yet the com- 
plete history of specifications, date of 
purchase, cost price, present and past 
locations are all available at a mo- 
ment’s notice. The value of such a sys- 
tem of records in case an inventory is 
desired of the plant equipment is not 
hard to realize. 

Every machine and motor in the 
plant, whether old or new, is given a 
number. A brass plate about 3 in. wide 
and of the necessary length, stamped 
with black enamel figures, is fastened 
to some prominent part of the machine 
with escutcheon pins. The No. 44 
special hardened drive pin, 3 in. long, 
made by the Parker Supply Co. of 
Springfield, Mass., is excellent for this 
purpose. This pin has a steep thread 
cut on its surface and as it is driven 
into the previously drilled hole, the 
threaded portion cuts a corresponding 
groove in the metal, so that the pin 
will not become loose. If plain es- 
cutcheon pins are used they are very 
likely to come out, allowing the number 
plates to fall off and the identity of 
the machine to be lost. If the machine 
or motor has a manufacturer’s name- 
plate, the plant number plate should be 
placed adjacent to it. 

A 3-in. by 5-in. white ruled card is 
used for entering the number of the 
machine, the name of the equipment, 
the name of the firm from which the 
machine was purchased, the manufac- 
turer’s name, the date of purchase, cost 
price, location of machine, and so on. 
If the machine has a shop or manufac- 
turer’s number, that also is entered on 
the card, since it is an important fea- 
ture in ordering repair parts. In the 
accompanying illustration A shows a 
typical card used for a centrifugal, 
turbine-driven, boiler feed pump. 
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MOTOR RECORD 
Serial # 


Model 


Typical cards used for keep- ROK 
ing, A, machine records, and 
B, motor records complete 


and up to date. 


If a machine is broken up and 
scrapped the words “Broken Up” with 
the date are entered on the card. A 
blue card of the same size as the white 
one is then filled out with the same 
data that appeared on the original 
white card, the white card is taken 
from the active file and the blue card 
is put in its place. The white card is 
then placed in a separate file marked 
“Machines Broken Up.” If a machine 
is sold to an outside party the same 
procedure is followed except that a 
salmon-colored card is used, and the 
white card is placed in a file marked 
“Machines Sold.” If a machine is not 
sold or broken up but is simply taken 
out of active service and placed in 
storage, a manila-colored card is used 
and the white card is placed in a “Ma- 
chines in Storage” file. If the machine 
is moved to another part of the plant, 
but is still kept in active use, then the 
new location is entered on the white 
card and the card still remains in its 
original file. 

Thus at all times the active file will 
show first by the white cards the equip- 
ment in use, by the blue cards equip- 
ment discarded for all time, by the 
salmon-colored cards equipment sold. 
and by the manila cards equipment in 
storage. On the other hand, the files 
„Machines Broken Up” and so on will 
show in respective groups the disposal 
of all equipment. In these latter files 
the white cards are also arranged 
alphabetically. 

One complete set of these files with 
cards is kept in the office of the Mechan- 
ical Superintendent, one in the General 
Superintendent’s office, and one in the 
Accounting Department where the in- 
ventories are made up. If a machine 
is moved, broken up, sold, or placed in 
storage, a special notification card to 
that effect is made out in the depart- 
ment where the machine is located, giv- 
ing the details of the change; this card 
is sent to the Mechanical Superintend- 
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ent’s office. The necessary changes in. 
the file are made there by the file clerk, 
and he advises the clerks in the other 
departments where there are similar- 
files so that they also can make the 
changes. The files, therefore, show at 
all times the complete history of all 
equipment from the time the system 
was begun. This information will be 
found invaluable in many ways, but 
particularly when taking inventory. 

In B of the illustration is shown & 
card used in the same plant for keeping: 
a complete record of the electric mo- 
tors. In a mill where there are sev- 
eral thousand motors, if some system 
is not used it is impossible to keep track: 
of the repairs and troubles that arise. 
Such a motor record as is contained om 
this card will be of great value in show- 
ing up weak points in the manufacture, 
design, or maintenance of the equip- 
ment. This card measures 81 in. by 
11 in. At the top of the card is entered 
the same data as is on the correspond- 
ing 3-in. by 5-in. card previously de- 
scribed. In addition, the card shows 
the various locations where the motor 
has been, the departments to which it 
is charged or credited, and so on. On 
the lower half of the card is kept a 
record of the failures and repairs, by 
whom made and at what cost. Here 
again we have the complete life his- 
tory of each motor at a glance. One 
file of these cards is located in the office. 
of the Electrical Engineer and another 
in the office of the Mechanical Superin-. 
tendent. 

In the case of the 3-in. by 5-in. cards 
first mentioned, often the head of a de- 
partment will wish to have a set of 
cards that list the machinery in his de- 
partment. These two systems are very 
flexible, and can be altered in detail to- 
meet any special conditions that may 
arise. Once installed they are easily 
kept up to date and will be found to be 
in constant use for reference. 

Lawrence, Mass. A. J. CALHOUN. 
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Mechanical maintenance of 


Power Drives 


This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Method of Mounting 
Lineshaft Coupled Directly 
to Motor 


RDINARILY a motor is connected 

to a lineshaft either by belt or by 
silent or roller chain. Generally this is 
because the lineshaft speed, if the shaft 
were direct-connected to the motor, 
would be far above ordinary operating 
practice. In some lines of work, how- 
ever, it is desirable to have a high 
operating speed for the lineshaft be- 
cause that will result in a lower reduc- 
tion, or increment, in the ratio of the 
speed between the lineshaft and the 
machines it drives. 

At the plant of the Star Woolen Co., 
Cohoes, N. Y., the high speed at which 
the cylinders in a new rag-picking ma- 
chine are operated permitted connect- 
ing a lineshaft directly to the motor 
through a flexible coupling. 

Because the old machines in this 
plant were replaced with larger types 
of machines, it was necessary not only 
to strengthen the floor to support the 
machines, but also the ceiling, for sup- 
porting the lineshafts and motors. 
Each of the two rag picker groups in- 
stalled consists of four main cylinders. 
These are driven by four 20-hp., 1,165- 
r.p.m. Western Electric motors. Each 
motor drives two cylinders and operates 
under a heavy load practically contin- 
uously, day and night, for about 144 hr. 
per week. Each of the lineshafts is 
24 in. in diameter and is supported 
on Fafnir double ball-bearing boxes and 
hangers, which are spaced on about 6-ft. 
centers. The motor is direct-connected 
to the end of the shaft through a 
Grundy flexible coupling (Chas. Bond 
Co., Philadelphia, Pa.). This gives 
practically a four-bearing suspension, 
taking the motor into consideration, 
with a flexible coupling between each of 
the two pairs of bearings. However, 
extreme care was exercised to see that 
the motor and the lineshaft were in 
perfect alignment. 

The picker cylinders weigh 750 Ib., 


Le 


These motors are direct-connected 
through flexible couplings to the 
ball-bearing lineshaft. 

This illustration shows the corner of 
the picker room at the Star Woolen 


Co. The construction for supporting 
the motors is shown overhead at the 


left. Similar construction is used to 
support the lineshaft hangers with 
Fafnir double ball-bearing hanger 
boxes. Grundy flexible couplings were 


used between the motor and the line- 
shaft. The rag picking inachine is 
Operated at 1,000 r.p.m., while the 
motor drives the lineshaft at 1,165 
r.p.m. This necessitates only a slight 
reduction in speed and permits the us2 
of pulleys of large diameter. 


and are 36 in. in diameter and 14 in. 
wide. The driving motors bring them 
from rest to the operating speed, 1,000 
r.p.m., in 20 sec. The compensators are 
of the G.E., totally-enclosed, CR 1034 
type with push-button stop. All of the 
motors are of the induction, squirrel- 
cage type and operate on a three-phase, 
40-cycle, 550-volt supply. 

Two 4-in. leather “belts from each 
lineshaft drive the two cylinders on a 
machine. The pulleys on the lineshaft 
are of cast iron, with solid rim and hub, 
and are 12 in. in diameter, with a 4-in. 
face. These are belted to 14-in. by 4-in. 
pulleys on the cylinders which give the 
speed reduction to 1,000 r.p.m. This 
installation has been in satisfactory 
operation for several months. 

It was necessary to erect special stee 
work on the ceiling to support the 
motors and lineshafts. This consists 
of 8-in., 18-lb. I-beams with 6-in., 8-Ib. 
channels as stringers. The channels 
are placed in pairs, back to back, 2 in. 
apart with pipe separators in between. 
These stringers serve as footings for 
supporting the lineshaft hangers and 
the motors. 

It was also necessary to take up the 
flooring and strengthen it to support 
the machines. This was done by insert- 
ing 10-in. by 10-in. beams for the ma- 
chines to rest on in place of the 3-in. 
by 10-in. stringers previously built in 
the floor. They were, of course, braced 
from beneath. These large beams and 
the stringers were of the same height 
and so did not interfere with laying the 
flooring. THEO. P. BARNUM. 
Vice-President and Secretary, 


Barnum Bros. Co., 
Troy, N. Y. 


Useful Chart for 
Determining Power Transmitted 
by Friction Wheels 


ORSEPOWER transmitted by fric- 

tion disks or wheels of different 
composition when used against cast- 
iron surfaces may be quickly deter- 
mined by means of the accompanying 
chart. Only two simple operations are 
required in using this chart. How the 
horsepower transmitted is determined 
is easily explained by an example. For 
instance, if the width of the friction 
face of a wheel is 3 in., the mean 
diameter 20 in., and if it turns at 1,000 
r.p.m., what horsepower will be trans- 
mitted by a leather fiber wheel bear- 
ing on a cast-iron wheel? 

The two dotted lines drawn across the 
chart show how this example is solved. 
First, extend a straight line through 
the 3 (the width of the face), in column 
A, and the 20 (mean diameter of the 
wheel), in column B, and locate the 
point of intersection with column C. 
From that point of intersection, extend 
another straight line over to 1,000 
(r.p.m.), in column E; the intersection 
of this line with column D gives the 
answer as 42.8 hp. 

Between columns C and D are shown 
other combinations such as tarred fiber 
on cast iron, straw fiber on cast iron, 
and so on. When such combinations 
are used, find the point of intersection 
with column D in the same manner as 
before and then measure upward from 
the intersection the distance indicated 
by the corresponding arrows for the 
particular computation; the top point 
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thus located in column D gives the 
horsepower that will be transmitted, 
using the combination mentioned. In 
other words, the length of the arrow 
indicates the amount to be subtracted 
in each case because the other friction 
surfaces have lower transmitting ca- 
pacity than leather fiber on cast iron. 
Thus, for example, tarred fiber on cast 
iron will transmit 33 hp., straw fiber on 
cast iron, 18 hp., wood on cast iron, 
10.8 hp., leather on cast iron, 9.6 hp., 
and a cork composition on cast iron, 
4.8 hp. These figures are readily 
checked on the chart by measuring up- 
ward the distances indicated. 

The term “mean diameter” is used 
in column B, as in the case of bevel or 
miter wheels, the mid-diameter should 
be used rather than either extreme. 

This chart is based on the following 
rule: To find the horsepower that may 
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be transmitted by spur, miter or bevel 
friction. drives, multiply the effective 
width of the face in inches by the mean 
diameter of the wheel in inches, then 
by the number of revolutions per 
minute made by the wheel and then by 
0.00071. The result is the horsepower 
transmitted by a leather fiber wheel 


With this chart the horsepower 
transmitted by friction disks of 
various composition, bearing on 
cast iron, may be easily determined. 


In the example shown, a leather fiber 
friction faced wheel 3 in. wide (A) 
and 20 in. in diameter (B) operating 
at 1,000 r.p.m. will deliver (D) 42.8 
hp. To get the horsepower transmitted 
by wheels of other composition, bear- 
ing on cast iron, proceed as with 
leather fiber but measure up (sub- 
tract) from the intersection on (D) 
the length of the arrow indicated op- 
posite each composition. 


HORSEPOWER TRANSMITTED BY FRICTION WHEELS 
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bearing on a cast-iron wheel. Where 
other compositions are employed in 
place of leather fiber, use the following 
constants instead of 0.00071: 

Tarred fiber on cast iron... 0.00055 


Straw fiber on cast iron..... 0.00030 
Wood on cast iron......... 0.00018 
Leather on cast iron........ 0.00016 
Cork product on cast iron... 0.00008 


This chart may also be used in the 
reverse order; that is, where the horse- 
power, mean diameter, and revolutions 
are known, and it is desired to deter- 
mine the proper width of face, begin at 
the right and the width will be found 
in column A. Correspondingly, when 
any three factors are known, the fourth 
may quickly be found. 

W. F. SCHAPHORST. 


Mechanical Engineer, 
Newark, N. J. 


Inuividual and 
Small Group Machine Drives 
Prove Econoraical 


Co electrification proved to 
be cheaper than the cost of a new 
boiler for Andrew Cook & Sons’ saw- 
mill in Newcastle, New South Wales, 
Australia. This mill was steam-engine 
driven and one of the principal argu- 
ments advanced against electrification 
was the fact that fuel cost practically 
nothing. Sawdust and shavings were 
burned and what little coal was used 
was mixed with these. 

When a boiler at this plant was 
condemned recently a test was made 
by the Australian General Electric Co. 
to obtain definite figures on the com- 
parative cost of steam engine and 
motor drives. The first motor installed 
showed that 17 hp. was being absorbed 
in the lineshaft. In order to improve 
this condition, a general rearrangement 
of machines was made, that involved 
subdividing the grouping of machines 
and the installation of individual and 
small-group drives. 

The present motorization of the plant 
includes (a) a 50-hp. motor driving a 
36- to 42-in. circular saw and four 
side planer; (b) a 25-hp. motor driv- 
ing a bandsaw; (c) a 20-hp. motor 
driving the joiner shop of eight ma- 
chines; (d) a 7i-hp. motor driving a 
docking saw, wood lathe and saw 
sharpener, and (e) a 4-hp. motor 
driving an emery wheel and a saw 
tensioning machine. General Electric 
motors are used. 

One of the interesting points in the 
installation is the use of individual 
watt-hour meters and ammeters on 
each motor in order that the cost of 
operating each machine or group may 
be ascertained. 

The cost of operating the mill with 
steam as one large group drive was 
approximately $400 per month; now 
the cost of operating it with the ma- 
chines driven individually or in small 
groups, costs approximately $180 per 
month. In addition, the output of the 
mill has been increased 25 per cent as 
a result of the rearrangement. 

Since this change has been made in 
the method of driving the plant, the 
management of a second sawmill has 
decided to change over to a similar 
subdivision of the drive to the equip-- 
ment, with similar control and individ- 
ual metering. 
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In the Repair Shop 
This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 
Method of each wound with ee of i 12 Inexpensive Grinder Made From 
. ; d.c.c. round wire. hese coils were e 
Demagnetizing a Watch in a D.C. puilt VCC Automobile Parts 
Magnetic Field and were what is termed cross-overs; N EXAMPLE of what may be done 


ECENTLY I had occasion to install 

a piece of machinery coupled to a 

motor by means of a magnetic clutch. 

During the operation my watch became 

magnetized and because it was needed 
badly, recalled to mind an old stunt. 

The watch was hung on a heavy piece 
of twine about 3 ft. in length, which 
was then twisted with as many turns 
as it would stand without tangling. 
With the clutch in operation, the watch 
was suspended in mid-air and allowed 
to rotate as the twine unwound, drop- 
ping it slowly past the clutch. The 
watch was demagnetized and gave no 
further trouble. Any d.c. magnetic 
field could be used to obtain the same 
effect. 

The same method can also be used 
in the case of tools and other small 
objects which are bothersome when 
they become magnetized. 

Chief Engineer, PHILIP N. EMIGH. 


The Mountain Water Supply Co. 
Indian Creek, Pa. 


Changing Brush 
Position and Type of Winding 
on D. C. Motors 


N REPAIRING an old direct-current 

motor, it was found necessary to 
eliminate two features of design that 
had given considerable trouble. The 
armature of this machine had a num- 
ber of burned-out coils, which had been 
cut open and jumpers put on the com- 
mutator bars. This patching process 
had been carried on until the armature 
winding became overloaded and burned 
out completely. 

The electrician at the plant in which 
the motor operated stated that he had 
experienced considerable trouble with 
the brushes sticking in the brush box 
of the lower brush-holder and asked us 
to change the brush position if pos- 
sib'e when rewinding the armature. 

We found that the brush-holders 
were located on the vertical and hori 
zontal lines as shown in diagram A 
of the illustration, and that oil had 
leaked past the bearing and collected 
on the lower brush-holder. This oil 
had become gummy and caused the 
brush to stick, with sparking as a result. 

The armature was checked and the 
data found to be as follows: 87 slots, 
87 bars, lap winding, coil pitch 1-and-22, 
with the top leads connected straight 
out and all the throw in the bottom 
leads as shown in diagram A. There 
were 87 diamond-shaped, pulled coils, 


that is, the coils were wound on a 
shuttle with one wire in hand and the 
cross-over placed at the front diamond 
point. 

It was thought that the cross-overs 
were the cause of so many coils becom- 
ing short-circuited. On the front end 
of the winding there was a band that 
appeared to have been put on with con- 
siderable pounding to shape the ends; 
this pounding had weakened the insula- 
tion on the wire at the cross-over. 

It was decided to move the brush 
position 45 deg. and change to a wave 
winding. The reason for choosing the 
wave winding was to eliminate the 
cross-over in the coils. A two-circuit 
winding has twice as many coils in 
series per path as the corresponding 
lap winding; therefore, we could wind 
the coils with three turns of two No. 
12 wires in parallel, reducing the num- 
ber of turns one-half, thus making a 
cheaper and better coil, and still retain 
the same operating conditions. The 
commutator necks had to be milled out 
to take the No. 12 wires four deep. 

The wave winding data and the new 
brush position are shown in diagram 
B. The lead pitch is 1-and-45, re- 
sulting in a progressive winding, with 
the top and bottom lead throws evenly 
spaced on either side of the center line. 

By making the changes described 
above, we were able to eliminate two 
unsatisfactory features of the motor 
and at the same time produce a good 


job at a low cost. A. C. ROE. 
Wilkinsburg, Pa. 


This shows, A, original brush posi- 
tion and lap winding and, B, brush 
position and new wave winding. 


with discarded automobile parts 
when necessity demands the use of ma- 
terial at hand, is shown by the grinder 
described below. 

The frame of this grinder is made 
from a discarded automobile or truck 
front axle of the type which uses bush- 
ings in the steering knuckle bolt holes. 
Saw this off approximately 7 in. from 
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The frame of this grinder was made 
from one end of the front axle of 
an automobile. 


The shaft was made from a piece of 
steering rod, and the pulley was turned 
out of hardwood. 


one end; be careful to saw along a line 
parallel with the holes in the opposite 
end. Obtain an automobile spring 
plate, which has four holes in it, so that 
it can be bolted to a bench, and weld the 
piece of axle securely to it. 

The shaft can be made from a piece 
of ł-in. solid steering rod, which should 
be cut to the proper length and accu- 
rately centered. It should be turned 
down to a diameter of § in. at each end, 
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leaving a shoulder approximately 3-in. 
wide outside the bearing. If necessary, 
true the part between the two shoulders, 
but do not turn it down any more than 
necessary. Both ends of the shaft 
should be threaded in the lathe and fit- 
ted with nuts which should, while 
screwed on the shaft, be faced on the 
side to clamp the wheel. The oil 
thrower washers should be made with a 
force fit, so that they will turn with the 
shaft, and mounted in the 3-in. space 
left between the shoulders and outer 
end of the bearings. They should be 
beveled as shown to keep oil off the 
grinding wheel and pulley and can be 
made from discarded bronze bushings 
having a flange. The emery wheel 
washers may be made of cast iron; the 
inside washer should be a tight force 
or shrink fit and afterwards turned true. 

A wooden pulley can be turned down 
from walnut or other hardwood and 
held on the shaft by a machine screw 
threaded into the wood, which clamps 
on a flat place filed on the shaft. This 
pulley should be made after determin- 
ing the proper speed required by the 
emery wheel selected. 

Oil holes should contain a small piece 
of felt wick which touches the shaft. 
This admits oil gradually and also 
strains it. Bearings should be fitted 
accurately, finished with an expanding 
reamer and should be in proper align- 
ment. If the holes in the axle are out 
of line, the bearings can be made self- 
aligning and secured by a setscrew. 

A å- or ł-hp. motor, set on a bench 
at the rear of the grinder and belted to 
it with a 1-in. or 14-in. belt will oper- 
ate it satisfactorily. The grinder de- 
scribed has been in use for over one 
year and no wear can be detected in the 
bearings. Owing to the fact that it 
was made with a small amount of labor 
and from waste material, this grinder 
has been worth many times what it cost. 
Durant, Okla. J. P. KINCAID. 


Simple Time-Saving Device for 
Cutting Fiber Washers 


N ORDER to save time, a simple 

tool for cutting out fiber washers 
was recently made which has proved in- 
dispensable in our work. The old 
method used was to cut them out in a 
lathe, and was a very slow process in 
comparison with the results obtained 
from the device shown in the accom- 
panying sketch. 

A piece of cold-rolled steel ; in. in 
diameter and 4 in. long was turned down 
on one end for a distance of 14 in. to 
fit a drill chuck; the other end was 
turned down to a diameter of 4 in. for 
a distance of 1 in., to act as a guide. 
A -in. hole was drilled à in. back from 
the shoulder on the guide end, and filed 
square to take an arm made from a 
-in. square piece of key stock. This 
arm is 6 in. long and is given a sliding 
fit so that it can be adjusted for length. 
It is held in place by a R- in. setscrew 
in the steel shaft. Another hole was 
drilled in the outer end of the key 
stock to insert a piece of tool steel or 
other material suitable for cutting fiber. 
The cutting tool is likewise held in place 
by a setscrew. 

The tool is used as follows: Use a 
pair of dividers to scribe out the size 
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of washers desired. Then drill a 4-in. 
hole in the center of each washer, which 
is already centered by the pivot of the 
dividers. Set the tool to cut the out- 
side diameter first; then, after as many 
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Here is a tool that will simplify the 
job of cutting fiber washers, 


washers as are required have been cut, 
set the tool for the inside diameter. 

Any size of washer from ł-in. up to 
5-in. bore can easily be made in this 
way. There is always a demand for 
fiber washers in repair shops; so a tool 
of this sort which requires only 14 hr. 
to make, will soon save its cost many 
times over. NICHOLAS J. WEISS. 
West New York, N. J. 


Calculating New Winding for 
Small Induction Motor 


N CALCULATING a new winding 

for a small induction motor from 
which the old winding had been re- 
moved, the following procedure was 
followed: 

The rating of this motor as shown 
on the nameplate was three phase, 60 
cycles, 220 volts, 8.35 amp., 1,800 r.p.m., 
and 3 hp. The number of poles equals 
(120 x frequency) -- r.p.m. = (120 x 
60) — 1,800 = 4. For a full-pitch 
winding the coil span would be equal to 
36 + 4 = 9, since the stator had 36 
slots and this was a four-pole machine. 

Using a delta connection, the phase 
voltage is equal to the line voltage and 
the phase current is equal to the line 
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This shows the new three-phase, 
four-pole, two-parallel, delta wind- 
ing, consisting of 36 coils, 36 turns 
per coil, and 12 groups. 
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current divided by 1.73. Two constants 
must be used; the number of volts per 
turn, V; = 1, and the circ.mil per 
amp. = 550. 

As we had a large supply of No. 19 
d.c.c. and enameled wire, which has an 
area of 1,288 circ.mils, it was decided 
to use it, if possible. Phase current for 
a delta connection is 8.35 — 1.73 = 
4.82 amp., and using 550 circ.mils per 
amp., the total area required would 
equal 550 x 4.82 = 2,650 circ.mil. 
Two No. 19 wires in parallel have an 
area of 2 X 1,288 = 2,576 circ.mils 
which is close enough for all practical 
purposes. By using the two wires in 
parallel, a two-parallel, delta connec- 
tion may be used. 

Then V; = 1 = 220 + (2X 3 x N), 
or N = 220 + 6 = 36.6 turns per coil. 

The accompanying diagram shows 
the four-pole, two-parallel, delta-con- 
nected winding, in which there are 12 
pole-phase groups. Two groups are in 
series and the line voltage is impressed 
across them. There are 12 groups and 
36 coils which allows three coils to be 
connected in series per group. 

If it were considered desirable to 
chord the winding, the number of turns 
would have to be increased slightly and 
the span decreased. If the coil span 
is eight slots, the chord factor equals 
the sin of 4 (180 x 8/9) = sin of 80 
deg. = 0.9848. The number of turns in 
a coil for a full-pitch winding must be 
divided by 0.9848 to obtain the number 
of turns to use for a span of eight 
slots; that is, N = 36.6 + 0.9848 = 
37.2, or 37 turns per coil. 

Values used for volts per turn and 
circ.mils per amp. will depend upon the 
speed of the motor and the kind of 
frame, that is, whether open or elosed. 

CHAS. F. CAMERON. 
Rock Springs, Wyo. 
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How to Prevent 
Bending Armature Shaft When 
Foreing Commutator On 


HE lesson I learned from a mis- 
take which nearly cost me my first 
job in a repair shop, may be of in- 
terest to other readers of INDUSTRIAL 
ENGINEER. 

One day I was using a hydraulic 
press to force a commutator on a small 
core with a long shaft, applying pres- 
sure directly to the end of the shaft. 
The commutator fitted so tightly that 
I had to apply a good deal of pressure, 
with the result that I bent the shaft 
badly. Of course, that meant consider- 
able extra work and I did not blame 
the foreman for getting angry at me. 
Since then I have always placed over 
the shaft a piece of pipe that is longer 
than the shaft itself, and have had no 
more trouble. 

Repairmen do not always realize that 
the shaft of a small motor is rather 
easily bent and it is not an easy mat- 
ter to get it straight again. If arma- 
ture cores of any size are handled 
roughly or allowed to drop on the floor 
there is danger of not only bending the 
shaft, but also of burring or otherwise 
injuring the laminations. Such in- 
juries may be the unsuspected cause of 
heating of the armature, due to eddy 


currents. 


Newark, N. J. SAMUEL CARBAT. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improre 
plant operation or reduce operating and maintenance costs, 


Safety Fuse Carrier 


EW features in safe switching and 

fusing are announced by the 
Mutual Electric & Machine Co., 7610 
Jos. Campeau Ave., Detroit, Mich., in a 
new Bull Dog SAFtoFU SE (pro- 
nounced safe - to- 
fuse) fuse car- 
rier, shown in the 
accompanying il- 
lustration. This 
unit is made in 
30-amp. and 60 
amp., 250 - volt 
sizes. These fuse 
carriers have 
switch contacts 
which may be withdrawn from the re- 
ceptacle base. When the carrier is in 
the “on” position, the fuse acts to fill 
the gap between the blade contacts, 
and the molded composition unit must 
be fully withdrawn before the fuses 
are accessible. The molded unit may 
also be inserted in the receptacle up- 
side-down which shows the fuses ex- 
posed, but in this position they are 
dead. Suitable means are provided for 
testing fuses. 

The types now being put on the mar- 
ket are enclosed in steel cabinets with 
luminized fronts. They are particu- 
larly adapted for industrial plants 
where safety in fusing, appearance and 
compactness are required. Bulletins 
102, 103 and 104, which describe this 
equipment and its application, are now 
available. 


Portable Air Compressor 


NDUSTRIAL plants having use for 

compressed air and without piped 
air distribution will be interested in the 
new H. B portable compressed air unit 
which is announced by The Hobart 
Brothers Co., Box MS-5, Troy, Ohio. 
This unit may be used to supply air 
for cleaning machinery, motors, operat- 
ing a paint spray as shown in the ac- 
companying illustration, and other in- 


dustrial purposes within its capacity. 
This unit is an H B silent, twin, heavy- 
duty, motor-driven compressor with a 
capacity of 8 cu.ft. per min. at 85 lb. 
maximum pressure. This equipment is 
mounted on a three-wheeled, rubber- 
tired truck with 25 ft. cable and a 
15-gal. air tank. The paint spray 
gun, 25 ft. of hose and paint recep- 
tacles are included. The compressor 
can be furnished either with automatic 
start and stop pressure switch, or ar- 
ranged for continuous operation at a 
given pressure. 


Tool for Armored Cable 


HE accompanying illustrations show 

the triangle armored cable tool, 
manufactured by the Triangle Conduit 
Co., Inc., Dry Harbor and Cooper Ave., 
Brooklyn, N. Y., and the method of 
operation. The manufacturer states 
that this tool has eliminated one of the 
difficulties experienced heretofore in 
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installing armored cable in that it fa- 
cilitates the quick and clean stripping 
of the steel from the wire without in- 
juring the conductors or their insula- 
tion. 

The tool, shown at the top of the ac- 
companying illustration, consists of a 
pair of steel pliers, 114 in. in length, 
weighing only 2 lb., and operates on an 
entirely new principle. It is stated that 
it will strip any single-strip armored 
cable in sizes 14/2, 14/3 or 12/2 without 
any adjustment. The wireman slips 
the tool on the cable as shown in the 
center illustration, opens and closes the 
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handles and the operation is complete 
except for sliding off the steel armor. 

The tool also has an auxiliary pair of 
wide-mouth pliers with extra-heavy 
leverage, which, it is said, performs all 
the functions of ordinary gas pliers, as 
well as a cutting device which cuts wire, 
cable or non-metallic conduit up to 4 in. 
outside diameter, as shown in the lower 
illustration. Both blades are good for 
10,000 to 15,000 cuts, it is stated. 


— — 


Non-Refillable Plug Fuse 


EVERAL distinctive features are in- 
corporated in a new, non-renewable 
plug fuse recently placed on the market 
by the Trico Fuse Manufacturing Co., 
Milwaukee, 
Wis., under the 
trade name of 
Cleartop. The 
fuse consists of 
a separate por- 
celain base and 
body. The base 
has a long baffe 
chamber which 
extends to the 
inside top of the 
i body and holds 
the mica window in place. The body 
and base are held together by a heavy 
brass screw shell. The body is finished 
in a dull black, giving the appearance 
of molded insulation. Some of the dis- 
tinctive features claimed for this fuse 
are, provision of a large, rugged knurl 
around the top edge to afford a good 
grip when tightening; the fusible strip 
has a restricted blowing portion; each 
strip has the rated current stamped 
plainly on the top and is visible through 
the mica window. A vent space is pro- 
vided around the base so that the gases 
escape along the exterior of the base 
within the body and are gradually re- 
leased along the base. The body and 
base are molded from a high grade of 
porcelain. The base supports the mica 
disk as well as the fuse strip and acts 
as a fireproof barrier to prevent interior 
fiashovers. A large center contact is 
riveted to the base. 


Compression Clutch 


ERETOFORE the compression 

clutch shown in the accompanying 
illustration was made only for the 
manufacturers of machines. The Con- 
way Clutch Co., 1935 West Sixth St., 
Cincinnati, Ohio, announces that this 
type of clutch will now be available 
for shop equipment drives. Features 


‘that have made this clutch desirable 


for severe conditions of service are said 
to be its easy engagement, quick re- 
lease, idling without drag, and the 
ability to deliver power to the belt. 
The sleeve member is equipped with 
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bronze bushings and has a full-length 
bearing for its over-all length. 

These clutches range in power ca— 
pacity from 1 to 50 hp. at 100 r.p.m.; 
the smaller sizes, it is stated, can be 
operated at speeds exceeding 600 r.p.m. 
Dimensions vary from 4 in. in length 
by 23 in. in diameter for the sleeve, 
and 934 in. over-all, to 12 in. in length 
by 52 in. in diameter for the sleeve 
and 223 in. over-all. Maximum bore 
for 1 hp. is 17% in. and for 50 hp. it 
is 34 in. The manufacturer states that 
all parts are easily accessible and the 
lever arm so constructed that any end 
thrust which the cone delivers is taken 
care of when the clutch engages. It is 
also stated that the friction band is a 
full-floating member which, in addition 
to delivering power, serves as the 
principal factor in release. 


Flexible Power Unit 


T new flexible power unit shown 
in the accompanying illustration has 
been placed on the market by Sirianni 
& Trumbettas Mfg. Co., 110 Farview 
St., Carbondale, Pa. This unit comprises 
a motor and a flexible power shaft made 


for driving interchangeable brushes, 
drills, grinding or buffing wheels, and 
other tools. 

The core or driving element of the 
flexible shaft is constructed of tightly- 
wound steel wires. The manufacturer 
states that the ł-in. size core will drive 
a $-in. drill in metal. The oil-tight pro- 
tective covering of the core is of zinc- 
plated steel. Inside this casing is a coil 
of tempered flat steel wire which forms 
the bearing surface for the core or 
driver to ride upon. It is stated that 
this flexible shaft is capable of operat- 
ing at 2,200 r.p.m. 

The driving motor can be placed 
wherever desired. The unit is mounted 
on a swivel base which permits it to 
swing around in a complete circle. Ball 
bearings for the motor will be furnished 
on request. General uses for this unit 
are drilling, grinding, polishing, buffing, 
sanding, cleaning, and commutator slot- 
ting as well as removal of paint and 


rust. 
— — — 


Pipe Bending Vise 


NNOUNCEMENT is made that Paul 
W. Koch & Co., 33 S. Wells St., 
Chicago, III., are now marketing the 
new Jiffy pipe bender vise shown in an 
accompanying illustration, in which 3-in. 
and -in. conduit may be cut, threaded, 
and bent without removing from the 
vise. As a vise it will take conduit up 
to 2 in. in diameter, although the con- 
struction of the vise is said to be much 
heavier than the standard 2-in. size. 
The bender is designed to make off- 
sets, saddles, goose-necks and other 
difficult bends. It is adjustable for 
bending either downward or sidewise. 
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That it eliminates possible chances of 
injury by the hickey slipping or pipe 
breaking and also reduces, in some in- 
stances, the number of fittings required 
on the job, is also claimed. 

The manufacturer also states that the 
bender does not flatten or kink the pipe 
as the forms and roller hold the pipe 
to shape and permit a radius as small 
as 2 in. without opening the seams. The 
operation is purely mechanical after 
the measurements have been taken. 
The vise is shipped in a box which is 
so arranged that it makes a permanent 
tool box for it. 


Shovel-Type Transformer with 
Oil-Tight Tank 


NEW shovel- type transformer 

shown in an accompanying illus- 
tration has recently been designed and 
placed on the market by the Westing- 
house Electric and Manufacturing Co., 
East Pittsburgh, Pa. The outstanding 
characteristics of this transformer are 
a heavy end-frame construction, a 
welded sheet-metal tank, and additional 
bracing to prevent the transformer 
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from sliding around inside the tank. 
This transformer has been designed for 
use in applications that require a trans- 
former having oil-tight tank and bush- 
ings. 

One specific application is on elec- 
trically operated shovels, which subject 
the transformer to vibration and shock. 
In such service the transformer is in- 
clined at various angles which might 
cause leakage of oil and consequent 
overheating and injury if the ordinary 
type of distribution transformer were 
used. 

Cement and flour mills where the fine 
dust finds its way into the ordinary 
transformers, and causes clogging of 
ventilating ducts, spoilage of oil and 
costly overheating of the transformer, 
and mine service and subway installa- 
tions, are other suggested applications 
of this new shovel-type transformer. 

These new transformers are manu- 
factured at present for 2,300-volt, 
single-phase, 60-cycle, service, but it is 
possible to obtain them in other volt- 
ages. 

— —ü 


New Flexible Coupling 


ASE of assembly and disassembly 

are two of the advantages claimed 
for a new type of flexible coupling 
which has been placed on the market 
by The Clark Controller Company, 1146 
152nd St., Cleveland, Ohio. This cou- 
pling consists of two duplicate flanges, 
as shown at A in the accompanying 
drawing, one outer sleeve, B, and eight 
pieces of resilient material, such as 
standard hydraulic packing. The 
flanges are keyed to the separate 


shafts; the sleeve goes over the flanges 
and the resilient material is placed be- 
tween the lugs on the flanges and 
sleeve respectively. The assembled 
coupling is shown at C. Steel springs 
and phosphor bronze retaining rings at 
each end of the outer sleeve hold the 
sleeve and packing in place. In this 
way the equipment is assembled with- 
out any projecting bolts. 

It is stated that whenever it becomes 
necessary to change armatures on 
motor-driven applications, the retain- 
ing rings are removed, the sleeve slid 
back over one of the flanges, the pack- 
ing removed and the armature with its 
half-couplings can then be lifted out. 
A spare armature shaft with a half- 
coupling of the same rating keyed on it 
can then be inserted quickly and the 
coupling re-assembled. It is also stated 
that the coupling is adaptable to re- 
versing as well as non-reversing drives 
and also allows a large margin of angu- 
lar and vertical misalignment as well 
as end float. 
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Trade Literature 


you should know about 


Copies of literature which is 


described on this page can be 


obtained by writing to the manufacturer whose name and address 


are mentioned, 


It ts always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Threadless Conduit Fittings—An 80- 
page booklet entitled “The Story of the 
Kondu-Box,” contains a description and 
listing of the various types of Kondu 
threadless, malleable-iron conduit fit- 
‘tings, gives a number of the advantages 
‘claimed for them, and illustrates many 
-applications.—Erie Malleable Iron Co., 
Kondu Division, Erie, Pa. 

Air Tools—In Booklet 131, which is 
entitled “Speed Up with Air,“ are 
shown applications of the various Sul- 
livan air tools and air compressors.— 
Sullivan Machinery Co., 120 So. Mich- 
igan Ave., Chicago, III. 

Capacitors — Bulletin GEA-352 con- 
tains nine interesting reports on the 
‘use of Capacitors for power factor cor- 
rection and indicates the savings made 
possible in each case.—General Elec- 
trie Co., Schenectady, N. Y. 

Speed Measuring Instruments—Bul- 
letin 1105 describes the Jagabi speed 
‘indicator, and hand tachometers, tacho- 
‘scopes and tachographs for the accu- 
rate indication, measurement, and re- 
cording of speeds.—James G. Biddle, 
1211-13 Arch St., Philadelphia, Pa. 

Switchboards—Publication 1006-2 de- 
scribes the line of Condit built switch- 
boards for every industry and illus- 
itrates a large number of applications. 
-—Condit Electrical Mfg. Corp., Hyde 
‘Park, Boston, Mass. 

Automatic D.-C. Starter—Bulletin 
215 describes the Type C-1220, current- 
‘limit, automatic, d.-c. starter which is 
used for starting constant-speed, shunt- 
‘or compound-wound motors up to 30 
hp. at 115 volts and 50 hp. at 230 or 
500 volts, for any applications where it 
is desired that the time of acceleration 
‘correspond with the load on the motor. 
—Allen-Bradley Co., Milwaukee, Wis. 


Pressure Blowers and Exhausters— 
Bulletin 1608 describes the ABC spe- 
-cial blowers and exhausters for mines, 
cupolas, forges, furnaces, and other ap- 
‘plications. These are built in standard 
sizes to deliver pressures up to 12 oz. 
per sq. in.; special blowers are designed 
for pressures up to 24 oz.—American 
Blower Co., Detroit, Mich. 

Watthour Meters—Bulletin 70 is a 
book of instructions on the installation 
and operation of Sangamo Type H 
single- and polyphase watthour meters. 
Numerous connections are shown by 
diagrams. — Sangamo Electric Co., 
Springfield, III. 

Unit Heaters — An 8-page folder dis- 
cusses floor mounting versus overhead 
suspension of unit heaters in industrial 
plants, illustrates the circulation of heat 
from both, and discusses where each 
type may be used to best advantage. 
—York Heating & Ventilating Corp., 
1502 Locust St., Philadelphia, Pa. 

Air Compressors—The 16-page Form 
126, describes and illustrates the con- 


struction and operation of Pennsylvania 
duplex, single-stage and two-stage, 
cross-compound air compressors.—Penn- 
sylvania Pump & Compressor Co., 
Easton, Pa. 

Dust Mask—A folder describes the 
use of the Epco dust mask for clean- 
ing and maintenance work in dusty lo- 
cations. This consists of a hood with 
respirator and non-shatterable vision 
glasses.—The Engineering Products 
Corp., Inc., 64 Wall St., New Vork City. 

Mica Undercutting Machines An 8- 
page booklet illustrates, describes and 
gives the advantages claimed for the 
types Nos. 2, 6 and 9 of the Hullhorst 
mica undercutting machine, together 
with a description and price list of the 
Hullhorst small-dise mica cutters.—The 
Hullhorst Micro Tool Co., Dept. 2, To- 
ledo, Ohio. 

Disconnecting Hanger—Catalog E-26 
jllustrates the use, shows various mod- 
els, and describes several of the various 
methods of installing the Thompson 
safety lowering switch or disconnecting 
hanger for lamp maintenance.—The 
Thompson Electric Co., 1438 W. 9th St., 
Cleveland, Ohio. 

Pyrometers—A 68-page booklet en- 
titled “Instructions for Installation and 
Care of Thermo-Electric Pyrometers“ 
discusses the thermo-electric pyrometer, 
its installation, and the checking of 
pyrometer installations. This booklet 
is illustrated with numerous diagrams 
and photographs.—The Brown Instru- 
ment Co., Wayne and Windrim Aves., 
Philadelphia, Pa. 

Conduit Fittings—Folder 30 illus- 
trates and describes the line of Crouse- 
Hinds condulets with fuse cutouts.— 
Crouse-Hinds Co., Syracuse, N. Y. 

Crawler Crane—Book 895 contains 48 
well-illustrated pages, which show the 
use of dragline, dipper and trench 
shovel, skimmer scoop, hook blocks and 
pile driver on the new All-Purpose 
crawler crane.—Link Belt Co., 910 S. 
Michigan Ave., Chicago, III. 

Lamp Guard—A circular describes 
the Loxon lamp guard for preventing 
breakage and unauthorized removal.— 
McGill Mfg. Co., Valparaiso, Ind. 

Recorder — An interesting booklet 
compares the records made by Tag in- 
struments to a plant newspaper record- 
Ing all operation of equipment in the 
plant.— C. J. Hagliabue Mfg. Co., 
Brooklyn, N. Y. 

Isolating Material A 12-page bulle- 
tin describes the use of Korfund, a 
cork insulation, for isolating machine 
vibrations and shows diagrams of nu- 
merous installations.—The Korfund Co., 
Inc., New York, N. Y. 

Trucks and Tiering Machines—A 32- 
page catalog describes the line of Jack- 
lifts, stackers, steel-leg platforms, and 
barrel racks and illustrates a variety of 
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applications of this equipment in differ- 
ent industrial works. — Lewis-Shepard 
Co., Watertown Station, Boston, Mass. 

Vapor-Proof Electrical Fixtures— 
Bulletin A describes the interchange- 
able line of vapor-proof electrical fix- 
tures and watertight conduit boxes and 
fittings for industrial, railroad and 
marine service.—Seidler-Miner Co., 316 
E. Jefferson Ave., Detroit, Mich. 


Steel Poles—A 36-page catalog de- 
scribes the Truscon copper-alloy steel 
poles and gives considerable engineer- 
ing data on their use for erecting trans- 
mission lines or in building substations. 
—Truscon Steel Co., Youngstown, Ohio. 


Floodlight Projectors—Folder 33 and 
Bulletin 2083 describe the construction 
and illustrate a number of applications 
of the Imperial short-range floodlight 
projector. — Crouse-Hinds Co., Syra- 
cuse, N. Y 

Transformer Data—No. 7 of a series 
of monthly bulletins of technical infor- 
mation on transformers gives diagrams 
and an explanation of the use of the 
delta connection.—Moloney Electric Co., 
St. Louis, Mo. 

Variable-Speed Transmission—aA cir- 
cular discusses the use of remote con- 
trol with the Lewellen variable-speed 
transmission to obtain the proper oper- 
ating speed.—Lewellen Mfg. Co., Co- 
lumbus, Ind. 


Tramrails—An eight-page folder de- 
scribes and illustrates a number of in- 
stallations of Cleveland hand and elec- 
tric tramrail systems in a wide variety 
of industrial plants.—Cleveland Electric 
Tramrails, Division of The Cleveland 
Crane & Engineering Co., Wickliffe, 
Ohio. 

Cable End Bells — An eight-page 
booklet gives a number of the salient 
features of the Three E indoor and out- 
door cable end bells and illustrates a 
number of the types.—Electrical Engi- 
neers Equipment Co., Chicago, III. 


Blow Torch—A circular describes the 
Unique gasoline blow torch and firepot. 
Unique Mfg. Co., 113 N. Desplaines 
St., Chicago, III. 

Lifting Jacks — A circular describes 
the Duff governor-controlled, ball- 
bearing, self-lowering jack, which is 
made in capacities of 15 to 50 tons.— 
The Duff Mfg. Co., Pittsburgh, Pa. 


Speed Reducer—A catalog of the 
Lipe Products, describes the speed re- 
ducer which is built in standard gear 
ratios of 4:1 to 100:1 and in special 
combination worm and spur gear units 
with ratios of 48:1 to 7,000:1, and in 
sizes up to a maximum load of 500 hp. 
This catalog also lists the Lipe electric 
hoists, flexible couplings and an internal 
geared conveyor pulley—W. T. Lipe, 
Inc., 208 So. Geddes St., Syracuse, N. Y. 


Lightning Arrester.—Bulletin 220 de- 
scribes the Keystone expulsion type 
lightning arresters. — Electric Service 
Supplies Co., 50 Church St., New 
York, N. Y. 


Industrial Control—A 160-page cata- 
log GEA-257, includes a reprint of the 
industrial control section of the Gen- 
eral Electric catalog, gives instructive 
matter on the care and operation of con- 
trol devices, wiring diagrams of con- 
trols, reference tables, and other useful 
information. — General Electrie Co., 
Schenectady, N. Y. 
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Topics Discussed by Steel Men 


at the Twenty-Second Annual Convention of the Asso- 
ciation of Iron and Steel Electrical Engineers held last 


' N 7 ORTH-WHILE accomplish- 
ments in the way of stand- 
ardization and safety, 

coupled with a very successful 

Exposition marked the Twenty- 

Second Annual Convention of the 

Association of Iron & Steel Elec- 

trical Engineers at Chicago, June 7 

to 11. On the first day of the con- 

vention the recommendations of the 

Safety Committee regarding the safe 

operation of cranes was discussed 

and unanimously adopted by those 
in attendance. The safety code and 
the discussion on it are given on 

page 299. 

The second day was devoted to 
electric transportation, as this is a 
problem that will be confronting 
most steel plants in the very near 
future, if not at present. 
Abstracts of the papers on 
this subject are given on 
page 303. The subject of 
most interest to the mem- 
bership on the third day 
was the report of the 
Standardization Committee 
relative to standardizing 
mill-type motors. The rec- 
ommended standards for 
mill-type motors are given 
on this page. 

On the fourth day the 
report of the Electric Heat 
Committee was presented, 


month at Chicago, Ill. 


exhibitors showing products ranging 
from motors to air cleaners and from 
fire brick to electric industrial 
trucks, as well as control equipment, 
lubricating equipment, anti-friction 
bearings, switching equipment, elec- 


tric heating devices, armature re- 
pair tools, storage batteries and 
lighting equipment. 

In the following pages are given 
abstracts of the papers together with 
the discussions on them. 


Standardization of Mill-Type Motors 


By A. C. CUMMINS Chairman, Standardization Committee, 
Electrical Engineer, Duquesne Works, Carnegie Steel Co. 


Due to the fact that a great deal 
of the work on standardization of 
mill-type motors was done shortly 
prior to the convention, Mr. Cum- 
mins was unable to present a formal 
paper, but spoke e 


Relation of 5 and e: of ORT 
Sizes Of mii comme 

by ASS EME IF ra and Stee! ee 
Engineers 


| Mill rating - Ihr. basis , 75°C. rise 


.Horsepower 


on the different points on which he 
and the committee had been able to 
reach an agreement. Mr. Cummins 
first outlined the steps which led to 
the calling of a standardization com- 
mittee on this particular subject. 
Late last year he learned 
that one large manufacturer 
of mill-type motors contem- 
plated bringing out a new 
line of these mill-type mo- 
tors. Believing that this 
was an opportune time to 
effect standardization of 
mill-type motors, a commit- 
tee was appointed and the 
first meeting was held at 
Duquesne Works, December 
llth, 1925. First, letters 
were sent to the presidents 
of all the steel companies 
to ascertain if they favored 


details of which are given 
on page 301. 

An unusually successful 
exposition of machinery 
used in the manufacture of 
iron and steel was held, 76 


Horsepower and speed of standard mill-type motors 
recommended by Association of Iron & Steel Electrical 
Engineers. 


The points marked A, B, C, etc., 
selected by the Standardization Committee. The curve shows 
the speed horsepower relation for the seven standard sizes 
selected. The data given by the curve is the mill rating on 
the 1-hr. basis with a temperature rise of 75 deg. C. More 
complete data is given in the table on page 298. 


refer to the frame sizes 


such a step, and also to ap- 
prise them of the interest 
of steel mill electrical 
engineers in inventory 
reduction and consequent 
reduction in maintenance 
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costs. The replies from the presidents 
of the various steel companies were 
very gratifying and were almost 
unanimous in approval of the steps 
contemplated by the Standardization 
Committee. However, the presidents 
of several steel corporations pointed 
out that the Standardization Commit- 
tee should limit standardization to 
external features of the motor and 
the determination of standard horse- 
powers and speeds. They felt it was 
not the duty of the Association to 
go inside of the motor. In this con- 
nection, Mr. Cummins pointed out 
that it was not the attitude of the 
Association to ask the manufacturers 
of mill-type motors to immediately 
bring out a new line of motors to 
meet the recommended standards but 
rather to come to the standard of 
the Association as soon as they were 
able or desired to bring out a new 
line of motors. 

Letters were then sent to the 
manufacturers of mill-type motors 
and also to some other manufac- 
turers, asking that they send repre- 
sentatives to a meeting in which 
some attempt would be made at 
standardization. The first meeting 
was held in March, at which repre- 
sentatives were present from the 
Electro-Dynamic Company, the Allis- 
Chalmers Mfg. Co., Reliance Electric 
& Engineering Co., Crocker-Wheeler 
Electric Mfg. Co., Westinghouse 
Electric & Mfg. Co., and General 
Electric Co. Only the last three of 
these companies are manufacturers 
of mill-type motors, but the other 
three were sufficiently interested in 
standardization of motors (due to 
the possibility of their bringing out 
a mill-type motor in the future) to 
desire to have a part in the stand- 
ardization program. In the mean- 
time, letters had been sent to the 
membership of the Association, 
asking leading questions relative to 
the points on which standardization 
was desired, and also just what steps 
were favored and what were disap- 
proved. Letters were sent to ap- 
proximately 350 active members and 
some 160 replies were received. 

The method of approach in the 
matter of standardization was to 
plot the various characteristics of 
the different mill-type motors now 
on the market and then strike 
an average between them, based on 
the experience and the desire of the 
Standardization Committee and the 
representatives of the different 
manufacturers. For instance, in de- 
termining the relation between the 
trame sizes and horsepower ratings, 
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Characteristics of Recommended Standard 
Mill-Type Motors 


Mill Rating 


QIAO > 


a graph was drawn with horsepower 
as abscisse and frame size as or- 
dinates. Curves were plotted for 
the General Electric type MD mo- 
tors, the Crocker-Wheeler Type CW 
motors, and the Westinghouse type 
MC motors. A fourth curve was 
then drawn which averaged the con- 
ditions of the other three curves and 
at the same time represented what 
the committee and the manufac- 
utrers thought would be desirable. 
It so happened that the curve for 
the standard motor fell nearest to 
the Crocker-Wheeler motor for this 
particular characteristic. Additional 
curves were then drawn for other 
motor characteristics; for instance, 
a curve was drawn showing the rela- 
tion between speed and horsepower 
for the different frame sizes. In 
this case the recommended speed for 
the standard motor was higher than 
that of the type MC motor, but lower 
than for both the type MD and type 
CW motors. This was also true of 
the torque curve. The accompanying 
diagram shows the relation of speed 
and horsepower for the standard 
sizes of mill-type motors as recom- 
mended by the Standardization Com- 
mittee. In this curve the motor is 
rated on the mill rating of a l-hr. 
basis with a temperature rise of 75 
deg. C. Other curves from which 
standard curves were made, showed 
the relation between frame size and 
speed, the relation between frame 
size and per cent increase in horse- 
power above previous size, and the 
relation between actual increase in 
horsepower between sizes and the 
frame size. 

From these curves it was found 
that the present eleven frame sizes 
in use could be reduced to eight. 
Further investigations brought out 
the fact that one manufacturer sold 
only three per cent of his entire out- 
put of mill-type motors in the largest 
or 100-hp. size and therefore this 
size was also eliminated from the 
standardization program. In the 


Crane Rating 


Torque 


Recommended Sizer of Anti- 


Friction Bearings Diameter 


Armature 


Armature Shaft at 


Bearings Axle Bearings 


accompanying table are given the 
characteristics for the seven stand- 
ard frame sizes for both the mill 
rating and crane rating, listing horse- 
power and speed as well as torque. 
The standard sizes of anti-friction 
bearings for armature bearings and 
axle bearings, as well as the diam- 
eter of the armature shaft at the 
bearings, are also shown. 

The diameter of the jackshaft or 
axle bearings as recommended by the 
Committee range in size from 33 in. 
to 51 in., depending on the rating 
of the motor. These sizes have been 
selected so that these shafts will 
have the same factor of safety as 
the other shafts ordinarily used on 
the driven equipment. ; 

In attempting to standardize the 
different classes of motors, it was 
found that there were two funda- 
mentals which determine the design. 
These are the height of the armature 
shaft above the bedplate, and the 
length between the armature bear- 
ing centers. Once an agreement has 
been reached on these two dimen- 
sions, it is not difficult to reconcile 
the remaining differences. In most 
cases the recommended standard 
heights for the different sizes of 
standard mill-type motors are slightly 
less than the height of the existing 
mill-type motors. The over-all length 
is approximately the same as on ex- 
isting types. This results in getting 
a little more motor in the same space 
in the case of the new standard 
motor. 

Standards were agreed upon for 
the face, diametral pitch, and gen- 
eral dimensions of the motor pinions 
for the different sizes of motors. 

In determining the armature shaft 
sizes for the recommended standard 
motors, the diameters agreed on 
were slightly less than are cus- 
tomarily used on the first two sizes 
of motors, and all of the remaining 
sizes were increased in diameter. It 
was agreed to follow the standards 
of The Electric Power Club on key- 
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ways and tapers for the armature 
shaft. 

In the questionnaire previously 
mentioned by Mr. Cummins, the 
question was raised as to whether 
or not anti-friction bearings should 
be accepted as standard for mill- 
type motors. Replies indicated that 
those who had extensive experience 
with anti-friction bearings strongly 
favored their adoption while the 
majority of the replies, based on 
numbers, indicated that motors 
equipped with sleeve as well as anti- 
friction bearings, would be in de- 
mand. Inasmuch as the majority 
voted for the sleeve-type bearings, 
the recommendations are for a mo- 
tor equipped to take either sleeve or 
anti-friction bearings. Mr. Cum- 
mins pointed out that if an operator 
will standardize on anti-friction 
bearings, he will be able to decrease 
the over-all length of the motor ; that 
is, the difference between the brake 
and the pinion will be from 2 to 
5 in. less than would be the case if 
sleeve bearings were used. Mr. Cum- 
mins also stated that it was agreed 
by the committee that the anti-fric- 
tion bearings used on armature 
shafts and axle shafts must be en- 
closed in dust-proof capsules which 
are clamped in the motor end frames 
or axle bearing supports as the 
case may be. This was required 
because the armature and jack 
shafts may be exposed to mill dust 
on many occasions while lying in 
storage, and it was thought that 
adequate provision should be made 
to protect the anti-friction bearings 
from dust and dirt. 

In discussing the report of the 
Standardization Committee, J. D. 
Wright of the Engineering Depart- 
ment of the General Electric Com- 
pany stated that his company was 
contemplating bringing out a new 
line of mill-type motors and for this 
reason was very glad to co-operate 
to the fullest extent with the 
Standardization Committee. A. J. 
Standing, electrical superintendent, 


Saucon plant, Bethlehem Steel Com- 


pany, expressed his pleasure regard- 
ing the splendid co-operation shown 
by the different manufacturers of 
mill-type motors. C. S. Proudfoot, 
General Manager, United States 
Ferro Alloys Corporation, stated 
that at first when he heard of the 
steps taken by the Standardization 
Committee, he was not in favor of 
the program. However, the results 
outlined by Mr. Cummins looked 
very promising and met with his 
full approval. 
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A. M. McCutcheon, Chief Engi- 
neer, Reliance Electric & Engineer- 
ing Co., stated that should his com- 
pany bring out a mill-type motor in 
the future, they would most cer- 
tainly conform to the standards 
recommended by the Association. 
He felt that the standardization 
program set up by the Association 
should be held up as a model for 
future work along this line. He 
spoke of the difficulty that had been 
encountered in attempting to get an 
agreement on standardization of 
general-purpose motors, and which 
to this day has not been effected. 
He pointed out that there is no 
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trouble in actually arriving at a set 
standard for general-purpose mo- 
tors; the difficulty lies in getting 
the manufacturers to agree on a defi- 
nite program. 

Brent Wiley of the Westinghouse 
Electric & Mfg. Co., expressed his 
gratification at the co-operation and 
results that had been secured by 
the Standardization Committee. 

D. M. Petty, Superintendent, Elec- 
trical Dept., Lehigh plant, Bethle- 
hem Steel Company, moved that the 
work of the Standardization Com- 
mittee be made an official part of the 
work of the Association. This mo- 
tion was carried. 


Rules for Safe Operation of Electric 
Overhead Traveling Cranes 


The following recommendations were 
presented before a very enthusiastic 
and successful meeting of the Safety 
Division which followed a general 
luncheon given to all members of the 
Association at the opening session. 


RULES FOR CRANE OPERATORS 


(1) The operator should be examined 
by a foreman or someone designated 
in order that his familiarity with 
crane parts and their uses, as well as 
his ability to safely operate the crane, 
may be determined in practice and 
certified to by the examiner. 

(2) The operator shall enter or leave 
his crane at the designated places, 
making use of the steps or ladder 
provided at those locations and having 
both hands free. All materials too 
large to be carried in pockets shall be 
raised and lowered by means of a 
hand line. The hand line must not be 
attached to the person of the operator. 

(3) No one but the craneman shall 
be allowed in the cage except for re- 
pairs, inspection, or instruction of new 
men or for safety of men working on 
the crane runway. 

(4) The operator shall keep his 
crane clean and free from all loose 
boards, tools, bolts, or other objects 
which may fall on men below or may 
cause tripping and falling of repair- 
men when working on the crane. 

(5) The operator should inspect his 
crane at the beginning of the turn, or 
at least once each shift, and report at 
once any mechanical or electrical de- 
fects, especially noting the condition 
of cables, limit switches, signal gongs 
and collector shoes. 

(6) The operator shall be responsible 
for the proper oiling and greasing of 
his crane and he should report any 
defects in the oiling system on any 
part of the crane. 

(7) The operator, when about to 
handle material with his crane, shall 
devote his entire attention to his work 
and shall pay careful attention to the 
following points: 


(A) Is the hitch of proper length 

and is it safe? 

(B) Is the signal given by the 

proper party and does the 
operator understand the 
signal? If in doubt he 
must not operate. 

(C) Can the load be carried with- 
out passing over the heads 
of men? 

(D) Will load clear all obstacles? 

(E) Test brakes by means of a 
short lift and return of 
controllers to “off” position. 

(F) Allow no one to ride the hook 


or load. 

(G) If craneman discovers men 
on crane runway, he should 
stop his crane until proper 
protection is provided. 


(8) The operator shall avoid bump- 
ing other cranes on the runway, but 
if he is ordered to do so, he must move 
the crane slowly, with regard to the 
safety of men working on or below the 
idle crane. 

(9) The operator must not make 
side pulls unless ordered to do so by 
a foreman. 

(10) The operator must be sure that 
his controllers are in the off position 
and switch opened before leaving the 
crane, and in case of failure of power 
the controllers must be immediately 
set in the off position. 

(11) In case a controller sticks the 
operator must pull the main switch 
at once. 

(12) While repairs are being made 
to the crane, the operator must stay 
on the job and help with repairs. If 
ordered to remain in the cage, he must 
not operate any motion unless he is 
told that every one is safe. 

(13) When the operator is inspect- 
ing, repairing, or lubricating his crane, 
the main switch must be locked in the 
off position. 

(14) In case of a fire on the crane, 
the operator must use the fire ex- 
tinguisher provided and must notify 
the foreman, who shall see that the 
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fire extinguisher is promptly refilled. 

(15) An operator must not operate 
his crane if he is not physically fit 
to do so. He should report to his 
foreman at once. 

(16) The operator must signify his 
understanding of these rules and must 
realize that they are intended to 
help him safeguard the lives of his 
fellowmen. 


RULES FOR FLOORMEN 


(1) Foremen when signaling to the 
crane operator must use the approved 
crane signals and above all, they must 
be sure that they do not confuse the 
operator. 

(2) Floormen must be responsible 
for all slings, chains and hooks and 
for their proper use in order to make 
safe hitches, bearing in mind the 
capacity of the slings and of the crane. 

(3) Floormen shall be sure that the 
crane trolley is centered over the lift 
in order to prevent swinging of the 
load. 

(4) Floormen must adjust the slings 
and chains so that they will not strike 
them on the ground when the crane is 
moving without a load. 

(5) Floormen shall not ride the hook 
or load or permit others to do so. 

(6) An extra man should be in the 
crane cage to warn the operator when 
men are working on the crane runway 
except where approved track torpedoes 
are used. 

In recommending the adoption of 
these rules, A. J. Standing, Electrical 
Superintendent, Saucon Plant, Bethle- 
hem Steel Company, stated that the 
16 rules composing the code were boiled 
down from 52 rules that were sub- 
mitted by the safety organizations of 
the various steel companies. It was 
felt that the rules should be as short 
as possible and few in number, so that 
they could be readily absorbed and 
made use of by the average craneman. 
The rules are general in nature and 
are not intended to be arbitrary. They 
are applicable to all plants and special 
rules should be added to them to fit 
special conditions in the various plants. 
Various modifications of the rules were 
suggested by different members, such 
as provision for audible signals, test- 
ing of limit switches, method of clean- 
ing cranes, and also a rule requiring 
that all maintenance men should be 
off the crane whenever regular opera- 
tion is resumed after a period of re- 
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pair or maintenance. The general 
membership, however, felt that these 
were special rules and should be 
covered by the supplementary rules 
added to cover special conditions in a 
particular plant. The rules were 
adopted in the form submitted by the 
committee and presented in full in the 
foregoing pages. 

At this same meeting several ad- 
dresses were made regarding safety 
in connection with cranes. Dr. W. P. 
Fisk, Chief Surgeon and Physician of 
the International Harvester Company, 
spoke on, “Physical Qualifications of a 
Crane Operator.” In brief, he put 
forth the following points: (1) The 
age of the crane operator should be 
such that he will avoid the indiscretions 
of youth and yet not be so old that he 
has begun to fail. He felt the age 
should be between 30 and 45. (2) The 
crane operator should speak the lan- 
guage of those with whom he works. 
(3) He felt that considerable should 
be known about the family history 
of the operator. For example, he would 
want to know if there were any 
peculiarities in his family, such as 
insanity, epilepsy, and the like, and 
also whether he was excitable, nervous, 
or inclined to drink. (4) He would 
make his selection of crane operators 
from those who had already proven 
themselves in some department of the 
works rather than endeavor to pick up 
his operator from the labor at the gate. 
He also felt that the crane operator 
should know more about electricity 
than the ordinary employee. (5) Dr. 
Fisk pointed out that a married man 
was more steady than a single man, 
and he would prefer this type for 
crane duty. (6) In regard to the 
physical examination to which he would 
subject crane operators, he brought 
out the following points: Weight and 
height have no bearing on the fitness 
of an operator. Vision and hearing are 
very important. He would not accept 
an operator without perfect vision and 
would test vision for both far vision as 


Views of opposite ends of one of 
the two exhibition halls used for 
the Iron & Steel Exposition at 
Chicago. 


Exhibits in the second exhibition hall 
are shown on pages 302 and 304. A 
total of 76 manufacturers displayed 
their products at this exposition. 
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well as near vision. The crane oper- 
ator must hear everything. He should 
be cool-headed and his general health 
should be good. He stated that high 
blood pressure is not a dangerous con- 
dition, provided it is accompanied by 
intervals of low pressure. He would 
also examine the condition of the crane- 
man’s heart with a view of ascertain- 
ing the possibility of collapse while 
on the job. 

Charles B. Scott, President of the 
National Safety Council and Director 
of the Bureau of Safety serving the 
Insull properties, pointed out some of 
the work that the National Safety 
Council was doing and also how it was 
important that men engaged in safety 
work should keep abreast of the times 
and take advantage of every medium 
by which they could increase their 
knowledge on improved safety methods. 
He stated that co-operation is one of 
the most important problems confront- 
ing the safety men of today and 
pleaded for a co-operative interest in 
the National Safety Council. 

As proof of the necessity for co- 
operation between the electrical engi- 
neer and the safety engineer he 
presented an analysis, made under his 
supervision, of some 12,000 accidents 
occurring during a period of several 
years among 650,000 employees. Of 
these accidents only 8 per cent were 
caused by electric current. However, 
this 8 per cent of the total accidents 
was responsible for 75 per cent of the 
total accident costs, for 75 per cent 
of the total lost time, and also for 75 
per cent of the fatalities that occurred. 
Upon devoting marked attention to the 
8 per cent of electrical accidents, he 
was able to reduce them considerably 
in less than one year’s time. 

Mr. Scott also pointed out that at 
least 70 per cent of the accidents that 
occur are due to the men who are en- 
gaged in the work. As a remedy for 
this, he advised first, careful selection 
of men who do the work; second, care- 
ful instruction to the men on how the 
work should be done; and third, careful 
and close supervision of the men. In 
most cases, it is the last of these fac- 
tors which is overlooked and in his 
opinion the majority of accidents occur 
when this supervision is relaxed. 
Safety should be considered as a part 
of actual operation and until such is 
the case the rallies, posters and other 
propaganda do not have their full effect. 
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A. C. Cummins, Electrical Engineer, 
Duquesne Works, Carnegie Steel Com- 
pany, pointed out some of the causes of 
electrical accidents that have occurred 
in his plant. The first cause was 
shocks. Many of these are due to the 
fact that many circuits cannot be com- 
pletely isolated and killed when worked 
upon. New plants should be designed 
to take care of this point. Electric 
burns are due mostly to negligence and 
are caused by lack of instruction. A 


INDUSTRIAL ENGINEER 


third class of accidents is due to. 
equipment failures, such as_ limit 
switches. 

In case obsolete electrical equipment 
is in use, improved equipment should 
be substituted. Two other causes of 
accidents are fires and explosions, 
which are very rare. A sixth cause 
of accident is lack of co-operation; his 
suggestion was that maintenance en- 
gineers should work hand-in-hand 
with the safety engineer. 


Report of Electric Heat Committee 


By W. P. CHANDLER, Jr., Chairman 
Special Engineer, Carnegie Steel Co., Pittsburgh, Pa. 


Are Melting Furnaces—The use of 
arc melting furnaces in the steel in- 
dustry has developed in two distinct 
branches: the production of ferro- 
alloy steels, and the steel foundry. In 
the case of the former, the ease with 
which the temperature, alloy addi- 
tions, and slag compositions can be 
controlled, coupled with a much 
higher market price, allows the use 
of the high-priced fuel. How- 
ever, except in some few special 
cases, large tonnage production of 
plain carbon steels in electric fur- 
naces in competition with other fuel- 
fired furnaces, would not be very pro- 
ductive of dividends. 

The use of the arc furnace in the 
steel foundry has been steadily grow- 
ing. Judging from the new installa- 
tions made and the continuance of 
existing installations in operation, 
the electric arc furnace is an eco- 
nomical furnace for the production 
of steel castings. | l 

In the production of gray-iron 
castings it would appear as though 
the electric arc furnace would find 
its most fitting application. It is 
rapidly increasing in favor and has 
proven successful in every case that 
can be traced. Its adoption in this 
field allows one furnace to supply 
either iron or steel. It is possible to 
use scrap unsuitable for cupola prac- 
tice, and at the same time reduce the 
cost per ton of castings by a very 
substantial amount. 

The past 18 mos. have witnessed 
a renewal of interest in the possi- 
bilities of duplexing with the electric 
arc furnace. This year a contract 
has been let for the installation of a 
25-ton furnace for duplexing on spe- 
cial steels from an open hearth for 
the making of ingots. 

With the advent of more and more 
continuous molding and the introduc- 
tion of permanent mold machines, 


there has risen a need for a more 
continuous supply of hot metal in 
quantities suitable to the output of 
these machines. Batch operation is 
usually unsuitable for these im- 
proved molding methods and various 
schemes of continuous pouring have 
been developed. In brief, they in- 
volve the maintaining of a constant 
bath of liquid metal with definite 
amounts of metal tapped at equal in- 
tervals and a like amount of cold 
scrap added immediately after each 
tap. Duplexing hot metal is par- 
ticularly adaptable to schemes of op- 
eration which require a continuous 
delivery of metal to the pouring floor. 

Induction Furnaces — The de- 
velopment of the induction furnace, 
and especially electrical equipment 
which will place an installation on an 
economical basis, offers great possi- 
bilities in the field of electrical heat- 
ing. So far its development and 
application have been confined prin- 
cipally to the non-ferrous industry, 
the production of carbon-free fer- 
rous alloys, and to experimental 
laboratory work. 

Resistance Furnaces (High Tem- 
perature Applications) — In order 
that the various sources of econ- 
omy may receive the proper 
consideration from any one contem- 
plating an installation of high-tem- 
perature resistance furnaces the 
following list of points is taken from 
statements made by users of the 
equipment. Due to the differential, 
usually in favor of liquid or gaseous 
fuel as against electricity, the amount 
of gain to be derived from secondary 
sources usually determines whether 
an installation will be an economic 
success or not. The following are 
the points of advantage as experi- 
enced by users of such electrically 
heated equipment: 

1. Repairs are less, due to the lin- 
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ings not being subjected to excessive 
temperatures. 

2. Operating labor less per ton than 
in the case of solid fuel. 

3. Time required for heating fur- 
nace up to working temperature is less. 

A. Rejections less; in some cases this 
statement is not true. 

5. Product more uniform, due to more 
accurate control of temperature. 

6. Construction more adaptable to 
automatic operation. 

7. Increased electric load factor 
makes cheaper electric power costs. 

8. Furnaces used at off-hours given 
power at low price. 

9. Cost of current less than cost of 
solid fuel. In a great many cases the 
actual fuel costs are found to be less 
with oil or gas than with electricity. 

10. Scaling and decarbonizing may 
take place if great care is not exercised. 

11. The comfort of the operators is 
much greater, where no fumes are ex- 
perienced. | 

The small furnace, resistance type, 
is finding a considerable number of 
applications in tool rooms for heat- 
treating purposes throughout the 
steel and other industries. Especially 
when equipped with certain special 
types of control it is well adapted 
to this service. The question of cost 
of fuel for these small furnaces is 
usually only a secondary considera- 
tion for quality of product and 
ability to duplicate results is of 
prime importance. 

The application of such furnaces 
to the pipe and tube industry for 
the treatment of threading tools and 
piercing points is only one of a great 
number of installations. 

Low Temperature Applications— 
The application of resistance-type 
electric heating to low-temperature 
work is wide and various. New uses 
for such heating are appearing from 
time to time and, especially in 
plants which are considering com- 
plete electrification, applications of 
electric heating are considered which 
would not be economically sound, ex- 
cept in their relation to the whole 
scheme. Under such headings can 
be mentioned the production of 
process steam at distant points by 
using immersion heaters, the heat- 
ing of small outlying office buildings, 
shops, etc. In other cases where the 
differential between electric heat and 
other fuels is not too great, the added 
advantages derived from the applica- 
tion of electric heat to certain 
processes show a gain from electri- 
fication. At the Maryland plant of 
this company an installation was 
made on an electrically heated tin 
pot. On the tin side, 100 kw. of heat- 
ing units was installed, of which 
75 kw. was automatically controlled. 
In the beginning 25 kw. capacity of 
heating units was installed on the 
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palm oil side but it was found later 
that its use was unnecessary except 
for a short time for starting the pot. 
The installation was made late in 
December, 1925, and the operating 
results so far indicate that from a 
tinning standpoint the results are 
better than with gas-fired pots. 
Production has been increased about 
50 per cent per pot and the sum of 
the other factors entering into op- 
eration has been reduced materially, 
so that the additional cost of elec- 
tric heat over gas has been offset, 
showing slight savings in favor of 
the electric pot. 

The application of electric heat- 
ing to furnaces for drying and an- 
nealing wire and similar products is 
growing in favor. One such instal- 
lation is used for drying acid from 
rods before drawing at the National 
Screw & Tack Co., Cleveland. 
Natural gas had been used pre- 
viously as fuel. The electric-heated 
furnaces were found to have much 
greater capacity, three electric 
ovens replacing seven gas-fired ones. 
The capacity of the ovens has in- 
creased from 1.5 tons per hour to 
5.5 tons per hour per oven. A sec- 
ondary advantage obtained was the 
elimination of the glazed coat left on 
the rods dried in the gas furnace. 
The coating scratched the rods and 
clogged the dies, and its elimination 
in the electrically-heated oven has 
resulted in longer life for the dies. 
The cost of electric heat is greater 
than for gas but the increased ton- 
nage has resulted in a lower cost 
per ton. 

An interesting application of elec- 
tric heat equipment to a galvanizing 
kettle was placed in successful opera- 
tion early in 1925. As far as is 
known this is the only electric gal- 
vanizing kettle in existence. The 
operators of this kettle report that in 
comparison to the previously used 


coke kettle, the operation is cheaper 
and drossing is reduced to a 
negligible amount. The production 
has been increased, working condi- 
tions are better and because of the 
automatic control no attention is 
required. 

One class of repair work which 
often causes trouble in a steel mill 
is the rebabbitting of bearings. The 
class of labor often employed in this 
work is not of the best so that ac- 
curate control of gas-fired furnaces 
is not obtained. The results under 
such circumstances can hardly be 
much better than they are. The in- 
stallation of electrically heated pots 
at one steel mill has been proven eco- 
nomical and very satisfactory. A 
much better product and much 
greater capacity is being obtained 
from the same crew of men with no 
increase in the fuel bill. 

In one shop four 1,500-lb. soft 
melting pots are used on large rail- 
way motor bearings and axle shaft 
shells. Each pot is controlled by a 
pyrometer, set according to the par- 
ticular composition being poured. 
One pot is used only for tinning pur- 
poses. Tin-base babbitt is for the 
most part used on railway bearings 
because of the severe service con- 
ditions. 

This installation has been in prac- 
tically continuous operation since 
September, 1924, and has been shown 
to many visitors interested in this 
particular class of work. The op- 
erators are very pleased since chang- 
ing from gas-fired pots. They give 
the reasons as: Better working con- 
ditions through elimination of fumes 
and lower temperature radiated from 
the pots, as well as marked improve- 
ment in the quality and texture of 
the bearings produced, because the 
temperature is controlled within a 
few degrees of the correct pouring 
temperature for the alloy. The 


watchman starts the pots at 5:00 
a.m., which brings them up to the 
correct temperature by 7:00 a.m. 
The total installed capacity is 100 
kw. operating at 220 volts. 

Electric Arc Welding in the Steel 
Industry—Electric arc welding pro- 
vides a satisfactory means of weld- 
ing without preheating, and in 
many cases renewal of parts made 
of grey iron. Work that has been 
done in this direction includes re- 
pair of blowing engine cylinders 
which have cracked in service, large 
gas engine cylinders which operate 
on blast furnace or producer gas, 
crane engine cylinders, locomotive 
engine cylinders, pump cylinders, 
steam separators and steam traps. 
The saving in work done by the elec- 
tric arc welding process on material 
of this kind is usually very large. 
Spare castings are usually not car- 
ried for parts of this nature and a 
delay of one to six weeks occurs be- 
tween the time the casting is ordered 
and the time it arrives on the job. 
In many cases a machining opera- 
tion to get the casting ready to use 
also causes considerable delay. Weld- 
ing with the electric arc in place of 
caulking is an important application 
in steel plant work. Jobs of this 
nature are found on gas lines carry- 
ing producer gas or blast furnace 
gas, on blast lines, on the blast fur- 
nace shell itself and on stoves. After 
riveted plate construction, such as 
the above, has been in service a 
while the riveted joints become loose 
and a considerable amount of leak- 
ing results. In order to redrive the 
rivets, it is necessary to practically 
tear down the structure. Welding 
on this work has been found to cost 
slightly less than caulking with an 
air gun. 

Electric arc welding finds a wide 
field of usefulness in the repair of 
broken and worn steel castings. 
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Under this classification come yokes, 
truck frames, trunnions and einder 
ladles, hot metal ladles, ingot buggies, 
steel castings on gas producers and 
stoves, electric cranes, trucks, and 
manipulator castings. 

Electricaliy welded stacks for the 
open-hearth, sheet mill, and miscel- 
laneous smoke stacks about the mill, 
are better and last longer than ordi- 
nary riveted stacks. 

Steam lines around a steel mill are 
a source of considerable amount of 
waste and may be a cause of shut- 
down. The large steam lines have 
cast steel flanges screwed on the 
pipe. It is the practice of several 
plants within the writer’s experience 
to electrically weld the cast steel 
flange to the pipe, in addition to the 
threading. It appears that the 
threaded joints eventually leak and 
the wire drawing of the steam and 
corrosive action weaken the pipe at 
the thread, causing waste and lia- 
bility of failure of the steam line, 
with attendant loss of life and shut- 
down of the plant. This is another 
case of insurance against shutdown 
by the use of electric welding. 

Every steel mill has a large num- 
ber of crane motors and there is an 
extensive application of electric 
welding in building up the bearing 
area of the armature shaft, the pin- 
ion seats and straightening out key- 
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ways which have been damaged. This 
work falls in the electric welding 
field due to the economical applica- 
tion of metal through the use of 
electric arc equipment. 

There is a considerable time sav- 
ing in the use of electric welding for 
the above purposes, and there is a 
saving due to the fact that a new 
shaft does not have to be machined 
for the job. The elimination of 
pressing the old shaft out and new 
one in, is also an important item. 

It is quite pleasing to note the 
distinct advance welding equipment 
manufacturers have made in the line 
of stable arc equipment. The arc 
characteristics alone many times 
spell the difference between a failure 
and a successful weld. Realizing the 
importance of good equipment, good 
materials and operators, electric arc 
welding is the most powerful and 
increasingly useful tool a main- 
tenance superintendent has. 

When properly selected, organized 
and instructed, welding operators 
will do good, conscientious work, 
and will do justice to electric arc 
welding, but let the operator be dis- 
satisfied, untaught and trying to “get 
by,” nothing can be hoped for. So it 
is, then, of the utmost importance 
to have specially selected men taught 
to handle the electric arc by an ex- 
pert in welding. 


Use of Electric Industrial Trucks and 


Tractors in Iron and Steel Industry 


By HAROLD J. PAYNE 
The Society for Electric Development 


If we analyze the possibilities for 
continuing to cut production costs in 
various branches of industry, we find 
that it is very often in improvement 
of transportation methods that the 
most promising possibilities exist:for 
savings. This may be partially ac- 
counted for on the basis of two facts: 
(1) That in the past, gaps not cap- 
able of being filled by heavy, high- 
capacity equipment have not re- 
ceived their fair proportion of at- 
tention and, (2), that up to the time 
when the cost of labor began to soar, 
boards of directors were inclined to 
favor appropriations for major 
changes in process equipment rather 
than relatively insignificant budgets 
for patching up the leaks in faulty 
transportation operations, when rec- 
ommendations were made regard- 


ing savings that could be obtained. 

The electrical industrial truck and 
the tractor represent one of many 
types of equipment for meeting ma- 
terials handling problems effectively. 

The industrial truck is being suc- 
cessfully applied to transportation 
problems in the older types of blast 
furnaces. The quantity of material 
handled at a modern blast furnace 
is very large. A furnace turning out 
400 tons will have to be fed every 
24 hr. with approximately 800 tons 
of ore, 400 tons of coke and 200 tons 
of limestone, or a total of 1,400 tons 
of solid materials. 

From the material handling stand- 
point there are three types of fur- 
naces: (a) hand-filled elevator fur- 
naces; (b) skip-filled furnaces with- 
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skip-filled furnaces with larry car 
equipment. At the first two types of 
furnaces, industrial trucks may be 
used to advantage in speeding up the 
charging, reducing the labor expense, 
and relieving a shortage in a very 
specialized type of labor. 

In the earlier types of elevator 
furnaces the charges are handled in 
two-wheel buggies. These buggies 
are pushed from the storage bins to 
the elevator at the furnace and then 
lifted to the charging stage, where 
two men empty them into the charg- 
ing bell. One of these buggies loaded 
with ore weighs from 1,400 to 1,600 
Ib. and the man who pushes this load 
comes under the heading of selective 
labor. He is especially trained for 
this very heavy work and his muscles 
have become hardened to it. This 
class of labor is very scarce and it is 
very difficult to break in new men. 

Among others, five furnaces of the 
Carnegie Steel Company have been 
equipped with trucks and a brief 
description of the work being done 
will supply useful data for working 
out similiar problems. At the time it 
was equipped, furnace No. 2, at Bel- 
laire, was of the hand-filled type first 
mentioned. Between the wheels of 
each of the old buggies, a sub-frame 
made of angle iron was built. This 
frame was placed about 12 in. from 
the ground, allowing sufficient clear- 
ance for handling with a standard 
elevating platform truck. The bug- 
gies were picked up at the elevator, 
carried to the ore pocket and re- 
turned to the elevator. When hand 
buggies were carried by the elevat- 
ing platform trucks, however, a total 
of six trucks with 13 operators is 
said to have replaced 54 specialized 
laborers. 

The rebuilding of open hearth 
furnaces, an operation usually neces- 
sary annually or oftener, involves 
handling 300 tons of refractories for 
a 50-ton furnace. In many plants 
brick are now wheeled from car or 
storage to the furnace, thus involv- 
ing a large amount of unnecessary 
handling. Lift trucks handling brick 
on skids in the plants where they are 
made are earning $8,000 to $12,000 a 
year over hand wheeling costs, and 
it is our belief that a corresponding 
saving is possible in open hearth 
plants where a large number of 
furnaces is operated. 

One of the most profitable uses to 
which the industrial truck has been 
put in the steel industry is the 
handling of rods and flat strip, in- 
cluding band and hoop stock. Several 


out larry car equipment and, (c), plants are using ram or crane trucks 
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for this purpose, while others use 
tractors with trailers or lift trucks 
with skids. The final choice of equip- 
ment depends quite largely on in- 
dividual plant conditions. 

The difficulties involved in hand- 
ling these materials are generally 
appreciated. A prime consideration 
involved in the selection of equip- 
ment for this work is flexibility. 
Wire as it comes hot from the mill is 
heavy, bulky and awkward to handle 
thus making it necessary to meet a 
set of special conditions. 

The crane truck has been found by 
‘several users to be well fitted for un- 
laading, as well as for loading cars 
or other vehicles with rods or wire. 
A large manufacturer of nails, rivets, 
etc., found that such a machine 
saved 80 per cent over the cost in- 
volved in handling wire manually. 
Formerly it was the custom to handle 
bundles of wire weighing 150 lb., 
but with the aid of mechanical equip- 
ment of this kind, it was found pos- 
sible to handle 300-lb. bundles with- 
out difficulty. Consequently, every 
department in the plant has been 
affected. 

Handling of pipe fittings and small 
iron or steel sundries is occasionally 
improved by the use of a magnet 
sling from a crane attached either to 
a low-lift or straight platform truck. 
Power is supplied from the battery 
of the truck and the magnet is used 
for loading or unloading as is com- 
monly the case, on a larger scale, in 
handling pig iron. 

The storing of cases and kegs in 
warehouses, prior to shipment, con- 
stitutes an operation that is wide 
open to lost motion. The tiering 
truck, however, has come into favor 
in many plants for doing this work. 
The Bethlehem Steel Co., for in- 
stance, is reported to be using seven 
machines in its storerooms at the 
Bethlehem plant. Carrying its load 
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of 2 or 3 tons to heights of 8 ft., this 
machine, having all of the flexibility 
of an ordinary low-lift truek, is often 
able to make large earnings. From 
eight to ten men per unit appears to 
be average experience with this type 
of equipment in warehousing. 

The handling of black sheet, plate, 
etc., has perhaps received more atten- 
tion on the part of manufacturers of 
electric truck equipment than any 
Other series of operations in this 
industry. For some jobs, where the 
sheets are large, the elevating plat- 
form truck with skids is used; on 
others the tractor-trailer method has 
worked out satisfactorily; on at least 
one job the crane truck with a special 
cradle attachment is used for han- 
dling. When tinplate is the com- 
modity to be transported, several 
specially-designed trucks become 
available, two of which have been 
designed particularly for handling 
this commodity. 

Some time ago a survey was made 
to ascertain the average cost of 
handling tinplate, with hand trucks, 
at hourly or piece rates, manually as 
against handling with a fork-type 
truck. These figures are on the 
basis of 100 base boxes. 

Hand Power 
Trucks Trucks 
r tinplate in 

and 1 14-1868. 43e. 
Handling ides. tinplate from 

plant to car or vice versa 16-19c. 8 ze. 
Handling boxed tinplate in 

and about plants 12-14. 43. 
Handling boxed tinplate in 

and out of ear. 15-17. 8 ze. 

This same survey points out that 
definite possibilities exist for lower- 
ing the per ton cost of packing; this 
could be decreased as much as 50 
cents per ton by replacing the aver- 
age 11 base box holding 175 lb. with 
a box of the same sheet size to hold a 
ton. Should this idea prove sound 
and be generally adopted, with 1,400,- 
000 tons of tinplate produced an- 
nually, a cut of $700,000 from this 
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source is not at all impossible. 

Throughout this account refer- 
ences have been made to savings in 
terms of men per unit or in termis of 
net earnings. One company that 
builds electric industrial trucks sur- 
veyed 15 plants in the Pittsburgh 
district about three years ago— 
plants that use one or two electric 
units and found the following aver- 
ages to hold: 

Maximum saving in per cent per plant. . 79 
Average saving in p cent per plant...52 
Maximum number of men saved per plant 18 
Average number of men saved per plant 73 
Maximum saving per year on investment 345 
Average saving per year on 8 270 
Maximum saving in per cent per unit... 75 
Average saving in per cent per unit.... 29 

It has been difficult to isolate aver- 
age total fixed charges per unit, in 
various operations, but the most re- 
liable figures obtained show that 
even in heavy service this charge 
rarely exceeds 60 cents per hour and 
that 50 cents is a reasonable average 
on all installations except those in 
which unusually difficult operating 
conditions have to be met. 

In concluding this summary of the 
industrial electric truck applications 
in your industry, a few unusual ap- 
plications of the equipment should be 
pointed out. The crane truck has 
proven especially valuable in the 
service of maintenance departments 
—each unit saving 35 men in one 
Pipe laying was expedited in 
a Pittsburgh steel plant through the 
use of such a unit. At another plant 
a basket in which the electrician 
works while trimming arc lights is 
handled by a crane truck. A high- 
lift truck equipped with a plow has 
proved a valuable means of clearing 
narrow runways of snow in winter. 
Smaller plants use the electric indus- 
trial truck to spot freight cars in the 
absence of a locomotive. Heat-treat- 
ing plants substitute long forks for 
a straight platform on the high-lift 
truck and decrease the labor required 
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for charging carbonizing furnaces 
by 15 men per unit employed. 

The advantages gained through 
the application of this or any other 
equipment designed for similar pur- 
poses depends not only upon direct 
saving in payroll expense but also, to 
a very large extent, upon other fac- 
tors. An automobile manufacturer 
increased production more than five 
times in a manufacturing area that 
was increased only 83 per cent and 
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with a decrease in storage area of 
25 per cent. A very large concern 
building agricultural implements has 
stated that one of the principle sav- 
ings made comes from decreased in- 
ventory costs through keeping mate- 
rial in platform containers at all 
times. Many plants have expe- 
rienced a decrease in labor turnover 
as a consequence of the substitution 
of labor-aiding electrics for back- 
breaking hand trucks. 


Yard Switching and Mill Transportation 


By W. B. POTTER 
Chief Engineer, Railway Dept., 


and 


G. H. SHAPTER 
Engineering Dept., 


General Electric Co., Schenectady, N. F. 


Yard switching is characterized by 
short movements and with consider- 
able time lost for coupling and at 
switches. From observed operations 
the time in motion may be assumed 
as one-half to one-third of the time 
in service. While the maximum 
speed may be 10 miles an hour or 
more, the average speed is much less 
and the schedule speed will usually 
be found around 3 miles per hour, or 


about one-half the 6 miles per hour | 


which is the conventional schedule 
commonly assumed. 

The average power requirement 
for yard switching is considerably 
less than is sometimes appreciated. 
While the tractive requirements are 
high the schedule speed is so low 
that the average power used in per- 
forming the schedule may range 
from 30 to 60 kw. The maximum and 
average power while in motion will 
be considerably higher than these 
figures, depending upon the accelera- 
tion. 

The steam locomotive is so gen- 
erally used and has been so success- 
ful in switching service that there 
should be some good reason for 
considering other types of motive 
power. Expediting the switching 
movements, more hours available for 
service, lesser number of locomotives 
needed, lower maintenance, reduc- 
tion in cost of fuel and the elimina- 
tion of smoke, are some of the 
reasons which justify this consid- 
eration. 

The Diesel or oil-electric locomo- 
tive is a comparatively new type of 
motive power, as regards its applica- 
tion to regular service. In effect, it 
is an electric locomotive deriving its 
power from an oil engine located in 
the cab, instead of from a trolley 
wire or third rail. 


Freight yard switching is being 
successfully handled with 60-ton 
locomotives equipped with 300-hp. 
engines. Although 300 hp. is con- 
siderably less than the power rating 
of steam locomotives used in this 
kind of switching, it appears that 
these oil-electric locomotives handle 
the switching more expeditiously 
than do the steam locomotives having 
equal weight on the drivers. 

The relative fuel consumption of 
oil-electric and steam locomotives in 
switching service can perhaps best 
be given by comparing the gallons 
of oil with the tons of coal. The 
records obtained indicate that 20 to 
25 gal. of oil are equivalent to a ton 
of coal, so that with oil at 5 cents 
a gallon, the comparative cost of 
fuel on this basis would balance at 
$1 to $1.25 per ton for coal. 

The gas-electric locomotive is 
similar to the oil-electric except as 
to the type of engine and character 
of fuel. The electric drive is ad- 
vantageous with the gas-electric for 
the same reasons mentioned for the 
oil-electric. This locomotive is some- 
what less expensive because of the 
lower cost of the power plant equip- 
ment, but the fuel expense is in- 
creased because of its higher cost 
per gallon and the lower fuel econ- 
omy of the gasoline engine. The 
quantity of fuel for a given service 
will be from one-half to two-thirds 
more than for an oil engine, which 
with the ratio of 3 to 1 for the rel- 
ative cost per gallon means a dif- 
ference in fuel cost of about 5 to 1. 

The storage battery locomotive 
with engine auxiliary is a combina- 
tion in which a gasoline or oil engine, 
of sufficient power to provide the 
average demand, maintains the 
charge in the battery. The battery 
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serves as a reservoir of energy 
delivering power at intervals when- 
ever the demand exceeds the output 
of the engine. The power supplied 
by the engine further permits a 
reduction in the amount of battery 
required. There are places where 
the storage battery locomotive will 
best serve the purpose, but where 
it may be inconvenient to take it 
out of service for the purpose of 
charging. 

The storage-battery locomotive 
may well be regarded as the best of 
the station-charged units. It is fully 
capable of handling yard switching. 
and is as responsive to the demand 
as any electric motor locomotive. Its 
duty cycle is necessarily limited, 
however, to the amount of battery 
provided. Where the battery is ade- 
quate the performance is very satis- 
factory, but like all station-charged 
locomotives it must receive more 
energy than it delivers. Including 
the losses in the charging equipment 
usually required, the overall elec- 
trical efficiency will not be far from 
55 per cent. 

The electric locomotive is unques- 
tionably the most powerful type of 
locomotive that may be used, and is 
the most effective of all to expedite 
switching movements. Its tractive 
power is limited, as in all cases, by 
the weight on the drivers, but the 
speed at which this tractive power 
may be obtained is only a question 
of motor capacity. These locomotives 
require a contact system throughout 
their range of operation and a power 
supply of suitable voltage. Either 
an overhead trolley construction or 
third rail may be used with equal 
success, so far as delivering the 
power is concerned. 

The electric locomotive with stor- 
age battery auxiliary provides a 
means for entering upon certain 
tracks, as within buildings, where 
a trolley or third rail would not be 
permissible. The storage battery 
receives its charge while the loco- 
motive is taking its power from the 
trolley, and so is in condition to 
supply power whenever it is needed. 
A comparatively small battery will 
usually be sufficient for this purpose. 

Following is a brief description of 
some of the more common applica- 
tions for electric and storage-battery 
locomotives in steel mill service. 

The by-product coke oven is a 
comparatively recent development 
which includes all the operations 
through which coal goes when in- 
troduced into the ovens until it is 
finally placed on the cooling wharf. 
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An electric locomotive is particularly 
well suited to meet the special re- 
quirements for handling this coke. 
The usual type of coke oven locomo- 
tive is a 20-ton single truck machine 
especially designed with respect to 
the location of the operator. The 
operator is in an elevated cab where 
he has a clear view of all the opera- 
tions which this locomotive must 
perform. 

One of the most important of steel 
mill switching operations is the han- 
dling of hot metal in ladle cars from 
blast furnaces to Bessemer con- 
-verters, mixers, or open hearth fur- 
naces. The use of electric locomo- 
tives for handling ladle cars involves. 
special consideration of the method 
of supplying power to the locomo- 
tives. Tracks run into the building 
underneath furnaces and over nu- 
merous crossings, so that it is prac- 
tically necessary to design some spe- 
cial form of collector trolley device. 
Third rail shoes must be located far 
enough away from the main track to 
clear the casting bodies of the ladle 


cars. In spite of these handicaps 
numerous installations have been 
made. Some kind of self-contained 


locomotive is seemingly best adapted 
to the handling of hot-metal ladle 
cars, except when it is possible to 
provide a means of contact which is 
not too elaborate and expensive. 

The handling of materials for open 
hearth furnaces is another very im- 
portant operation in the steel mill. 
It is desirable to use a storage bat- 
tery for this work because the tracks 
are usually inside of the building for 
at least 800 or 900 ft. in front of the 
ovens. 

Many open hearth furnace build- 
ings are so located that the scrap 
material must be handled up rela- 
tively heavy grades and around sharp 
curves before trains can reach the 
furnace floor. In general 20- to 
25-ton locomotives would be the most 
Suitable units for this duty. Cars 
for open hearth work are usually 
very crude in design and bearings 
are difficult to lubricate, so that car 
friction is quite high. It is likely 
that a combination trolley or third 
rail and battery locomotive would be 
found most suitable from an elec- 
trical point of view for this class of 
work. With the battery unit it 
would be possible to enter the build- 
ing on the charging floor without the 
use of trolley wires or third rails. 
It would also be possible to operate 
the locomotive at the scrap pile with- 
out the use of third rails. 
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| Economics of Steel Plant Railroad 


Electrification 


By O. NEEDHAM and DAVID C. HERSHBERGER 
Engineering Dept., Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 


For the purposes of this study, we 
have assumed a typical steel plant 
having a narrow gage containing 
9 miles of track, and a standard gage 
comprising 40 miles of track. The 
Narrow gage railroad system is dis- 
tributed around the open hearth fur- 
naces and the mills in close proximity 
to the buildings, and is confined to 
a relatively small area and trackage. 

This system employs small steam 
locomotives at present, and these in 
relatively large numbers considering 
the work to be done. The standard 
gage railroad system is also dis- 
tributed throughout the plant, tak- 
ing caré of the transportation involv- 
ing the use of standard railroad cars, 
ladle and slag cars, etc. The tracks 
comprising the standard gage sys- 
tems are mostly located on the outer 
sections of the mill area, with many 
branches running into the various 
mills and by the open hearth build- 
ings. The character of the work 
performed is diversified, but all of 
it comes under the class of switching 
service. 

This study is confined to the two 
most promising systems of electrifi- 
cation for steel mill yard work. 
These two systems are as follows: 

(1) The 250-volt, direct-current, 
third-rail system. 

(2) The Diesel-electric locomotive. 

It is generally recognized that cer- 
tain sections of a narrow gage rail- 
road system cannot be equipped with 
a third rail. One of these locations 
is in the open hearth pit where it is 
difficult to maintain the present 
track rails on account of the great 
weight they are subjected to at times 
in supporting the ladles and masses 
of steel resulting from clearing the 
ladles of “skulls” and sometimes 
from the relatively large masses of 
steel resulting from defective pour- 
ing. Under these conditions the in- 
stallation of a third rail, which is 
located higher than the running rails, 
is impracticable. Another location 
is in the open hearth scrap yards, 
where steel is being transferred from 
standard gage cars to narrow gage 
cars. On the other hand, there are 
many sections of the narrow gage 


system which may easily be equipped 
with third rail construction. It is 
evident, then, that combination loco- 
motives are required for part of the 
work, while other sections of the 
system can be served with ordinary 
third rail locomotives. 

The combination locomotive should 
be a combination third rail and stor- 
age-battery type locomotive. It is 
preferable to make the transition 
from third rail to self-propulsion 
when going to sections of the track 
not having third rail, with minimum 
effort and manipulation of control. 
It is estimated that the following 
Narrow gage electric locomotives 
would be required to replace the 21 
narrow gage steam engines now in 
service: 

5—50-ton combination third rail and 

battery-type locomotives. 

5—25-ton combination third rail and 

battery-type locomotives. 


6—25-ton third rail type locomotives 
without battery. 


Past experience in steam railroad 
electrification and in the electrifica- 
tion of steam railroad terminals 
justifies a material reduction in the 
number of locomotives. 

Experience has shown that an elec- 
tric locomotive with a given weight 
on the drivers can do more work than 
a steam locomotive having the same 
weight on the drivers or, conversely, 
a given steam locomotive can be suc- 
cessfully replaced by an electric loco- 
motive having less weight on the 
drivers. This is because the motors 
of an electric locomotive give a uni- 
form tractive effort, whereas the 
cylinders of the steam locomotive 
provide a variable tractive effort. 
This uniform tractive effort mini- 
mizes the tendency to slip the wheels 
on the rails when accelerating heavy 
loads. 

The following standard gage elec- 
tric locomotives are required to re- 
place the 15 standard gage steam 
locomotives now in use. 


8—45-ton third-rail type locomotives, 
4—80-ton third-rail type locomotives. 


Upon first thought it would appear 
that the Diesel-electric locomotives 
should make a very favorable show- 
ing in steel mill yard service. So far 
as its performance is concerned, the 
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locomotive is well adapted for this 
service, but on account of the rela- 
tively high investment costs there is 
not so promising an outlook for the 
Diesel electric as for the third-rail 
type of locumvtive, as will later be 
shown in this paper. 

This type of locomotive may be 
put in service where the steam loco- 
motives are now operating, without 
the necessity of erecting a third rail 
and, furthermore, may be placed in 
service a few at a time. 

It is estimated that the following 
Diesel-electric locomotives would be 
requirec to replace the 21 narrow 
gage steam engines. 

12—25-ton, Diesel-electric locomotives. 

5—50-ton, Diesel-electric locomotives. 

The following Diesel-electric loco- 
motives are estimated as being re- 
quired to replace the 15 standard 
gage steam locomotives. 


9—50-ton, Diesel-electric locomotives, 

4—80-ton, Diesel-electric locomotives, 

In the accompanying table are 
given comparative operating and in- 
vestment costs for displacing present 
steam locomotives by third rail or 
Diesel-electric locomotives. 

The return on the investment 
shown in the table on this page is 
the minimum to be expected. 

A comparative study of transporta- 
tion systems for new steel plants 
places electric operation in even bet- 
ter position than where steam loco- 
motives are now in operation. This 
is brought about by the fact that 
new steam locomotives are more ex- 
pensive and carry a higher total fixed 
charge than do old engines. The re- 
sult is that the return on the invest- 
ment is very satisfactory as shown 
in the table and justifies electric 
operation as compared to steam. 

The tables included in this paper 
show the worst conditions and give 
the minimum return that can be 
expected from electrification. There 
are a number of possibilities that 
could be taken into account that 
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would improve the savings shown by 
either the 250-volt third rail locomo- 
tive or the Diesel-electric. 

The 250-volt, direct-current sys- 
tem, employing third-rail type loco- 
motives, is the most economical sys- 
tem of transportation for steel plant 
yards. The return on the invest- 
ment, as compared with steam opera- 
tion, is excellent and fully justifies 
the displacement of steam by electric 
motive power. A number of partial 
installations of this type are in oper- 
ation with excellent results. 

The Diesel-electric locomotive oc- 
cupies second place in point of oper- 
ating economy and return on invest- 
ment as compared with third rail 
locomotives. The future of this type 
of locomotive is very promising and 
an extensive application of this type 
of motive power is anticipated. 

New steel plants should employ 
electric motive power from the be- 
ginning rather than start with steam 
with the idea of changing over to 
electric later. The difference in in- 
vestment costs is so quickly elimi- 
nated by the economies of electric 
operation as to leave no doubt as to 
the course to be pursued. 

The steel plants cannot afford to 
continue to purchase new steam loco- 
motives to replace worn-out units. 
The change-over to electric operation 
can be made in sections and a pro- 
gressive program of electrification 
put through without heavy expendi- 
tures at any one time. 

The working conditions would be 
improved by the elimination of 
smoke, dirt, and noise from the oper- 
ation of steam engines. 

The electric locomotive, receiving 
its power from a conductor, is the 
most reliable unit of motive power in 
existence. This has been fairly 
demonstrated in a large number of 
electrifications, some of which have 
been operating from 20 to 30 years. 
The third rail type locomotive has 


- desirable features of operation that 
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will be difficult for other types to 
equal. It is quickly made ready for 
service and its power is not limited 
by any local power plant or the loco- 
motive itself for the reason that it 
has the steel plant power system be- 
hind it. It can handle heavy loads 
at moderate speeds and its general 
performance recommends it over 
other types of locomotives when a 
suitable conductor system can be in- 
stalled. l 

Finally, it may be accepted with- 
out doubt that the complete electri- 
fication of steel plant yards would 
result not only in very large econo- 
mies of a direct nature, but also in 
indirect benefits which cannot be 
evaluated. 

In discussing the paper on “Econo- 
mies of Steel Plant Railroad Elec- 
trification,” W. P. Potter, Chief 
Engineer, Railway Dept., General 
Electric Co., said that Mr. Needham 
was conservative in determining the 
number of electric locomotives re- 
quired to replace a given number of 
steam locomotives now in service. 
Mr. Potter felt that only 80 per cent 
of the number of electric locomotives 
mentioned in Mr. Needham’s esti- 
mate would be actually required, 
thereby greatly increasing the re- 
turn in favor of the electric locomo- 
tive as compared to the steam loco- 
motive. 

Considerable interest was ex- 
pressed in the oil-electric locomotive 
by R. S. Shoemaker, Superintendent 
of Electrical and Mechanical Depts., 
American Rolling Mill Co. He be- 
lieved, however, that an oil cost of 
5 cents per gallon was lower than 
could be obtained at most steel 
plants. Mr. Hershberger of the 
Engineering Dept., Westinghouse 
Electric & Mfg. Co., replied that in 
the paper presented jointly by Mr. 
Needham and himself, an oil cost of 
64 cents per gallon had been used 
as being more representative of oil 
costs at the majority of steel plants. 


Comparative Operating and Investment Costs for Steam, Third-Rail 
and Diesel-Electric Locomotives 


When Displacing Present Old Steam Locomotives 


motives 


403,155 


Operating cost 
179,500 


Fixed charges 


Total annual charge 
Yearly saving over steam 
Net investment 


582,655 


Present 
Steam 
Loco- 

motives 


786,900 
7,650 


794,550 


Diesel 
Electrio 
Loco- 
motives 


437,450 
277,800 


715,250 
79,300 
1,821,000 
35 


Fixed charges 


Total annual charges 


4. Per cent saving on investment......... 


Operating cost........... 


2929259556565 „4 „„ 


Yearly saving over steam 


Comparison with New Steam Locomotives 


A — 
New 
Steam 
Loco- 
moti ves 
$786,900 

116,800 


903,700 


Diesel 
I-lectric 

s0CO~ 
motives 


$437,450 
277,800 


715,250 
188,450 
1,852,000 
10.1 


Third 
Rail 
Loco- 
motives 
$403,155 

179,500 


982,655 
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Low Power Factor Causes 
Trouble and Expense 


in industrial plants, with a discussion of the causes 
for it, methods of measurement, and effect. on 
charges made for electrical energy. 


By JAMES B. HOLSTON 
Commercial Engineer, Wagner Electric 
Corporation, St. Louis, Mo. 

OWER factor is a much talked of 
Pete dre about which 

there are many misconcep- 
tions and a rather widespread lack 
of accurate information. Many 
power companies base their rates 
upon power factor, but the reasons 
why they penalize customers who 
have a low power factor and give a 
bonus to those who maintain a high 
power factor may not be entirely 
clear. 

In the case of industrial plants 
that maintain their own generating 
equipment, the engineers frequently 
take the stand that low power factor 
causes no bad effects and need not 
be considered. Further information 
in regard to power factor —regard- 
less of whether the electrical energy 
used is purchased or generated 
may clear up some misunderstand- 
ings and help to shed some light 
upon this phase of power use. 

Probably the most satisfactory 
way to explain the term “power fac- 
tor” is to carry through the analogy 
of electricity and its manner of oper- 
ation in a distribution system to the 
flow of a fluid in a system of piping. 
The following simile has been used, 
in part, by R. H. Rawll in Power 
Factor Booklet, published by the 
Electrical Apparatus Co., London, 
England. 

Power stations are erected to 
force or pump this fluid to the 
consumer’s premises and, if the 
switches are closed, it will flow 
through the various connected ap- 
pliances, giving up its energy in the 
form of mechanical power, light, 
heat, and soon. After the electricity 
(as the fluid will now be called) has 
done its work it returns to the power 
house, just as in a hydraulic plant, 
after the water has passed through 
the power presses, rams, or other 
equipment, it flows back to the force 


pumps, where it is again sent out 
with renewed pressure. Now, in 
order to operate electrical machinery 
in a distant factory, a certain call 
for electricity is made on the power 
house and cables are laid to convey 
this current. But some electrical 
apparatus, especially induction mo- 
tors, has the unfortunate knack of 
utilizing only a certain proportion, 
say 0.80, of the current flowing 
through it. Such an installation 
would have a power factor of 0.80 
or 80 per cent. It must be under- 
stood that this does not mean that 
80 per cent of the power supplied is 
being usefully employed, while the 
remainder goes to waste. Exactly 
the same amount of current returns 
to the power house as left it on the 
outward journey, 80 per cent of it 
having given up its energy and the 
remaining 20 per cent returning 
unused. . 

The greater the amount of current 
to be transmitted, the larger must 
be the cable through which it flows, 
just as in a water supply system the 
greater the amount of water re- 
quired to flow through a pipe the 
larger must be the diameter thereof. 
This means that a cable of larger 
size would have to be put down to 
supply a consumer having low or bad 
power factor—with a large amount 
of “idle” current flowing—than 
would be necessary if the power fac- 
tor was high or good; that is, with 
very little idle current present in the 
cables. 

The detrimental effects of bad 
power factor are not confined to the 
cable systems, but may also be 
noticed in the generating equipment 
at the power house. An electric 
generator capable of turning out 
5,000 hp. can deliver only 4,000 hp. 
when connected to a load having a 
power factor of 80 per cent, 20 per 
cent of the current being idle and 
being returned to the power house, 
having done no work. Consequently, 
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THIS IS the first of a series 
of articles in which the prac- 
tical problems that revolve 
around the power factor of 
the distribution system in an 
industrial plant will be dis- 
cussed. In this article Mr. 
Holston tells in a simple and 
understandable way what 
power factor is, shows why 
low power factor is undesir- 
able from an operating stand- 
point, and discusses the rela- 
tion of power factor to the 
price that the consumer pays 
for the electrical energy he 
uses. In succeeding articles 
that will appear in later is- 
sues of Industrial Engineer, 
methods of improving power 
factor, both with and with- 
out the use of special equip- 
ment designed for that pur- 
pose, will be described. 


larger generators have to be in- 
stalled, with their attendant larger 
overhead charges, if the power 
factor is bad. 

Thus it is seen that if the power 
factor—which may now be defined 
as the ratio of useful current to the 
total current flowing—of a system 
is raised, the following economies 
are effected, by the power company 
if power is purchased, and by the 
consumer if it is generated; 


(1) Smaller cables and switchgear 
can be installed for a given load or, 
conversely, more consumers can be 
supplied by or more equipment.can be 
connected to, a given cable. 

(2) Owing to the decreased amount 
of current flowing in the cables the 
“electrical friction” or transmission 
losses are reduced. 

(3) Less generating equipment with 
its necessary switchboard connections 
and attendance is required for a given 
load; therefore, there is less capital 
expenditure required. 

(4) Each generating set can be run 
under such conditions that it will de- 
liver its maximum output of power, at 
maximum efficiency. 


There is also a considerable advan- 
tage from the technical point of 
view, in that when the power factor 
is high the absence of a large 
amount of idle current doing no 
work in the system renders the con- 
trol of such a system much easier. 
High power factor and good voltage 
regulation go hand in hand, as well 
as do low power factor and poor 
voltage regulation. 

Thus, it is seen that in the case 
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of two consumers on the lines of a 
central station, each using the same 
amount of power, the one whose sys- 
tem operates at low power factor is 
actually costing the power company 
far more than does the customer 
with the higher power factor; there- 
fore, in common fairness they should 
be charged for power on a scale that 
varies with the power factors of 
their respective systems. 

Reliable estimates place the 
amount of capital tied up in central 
station equipment in this country on 
account of low power factor at a fig- 
ure approximately equal to the gross 
annual revenue. In 1924 this rev- 
enue was in the neighborhood of 
$1,350,000,000 and was derived from 
$6,600,000,000 of capital invested. 
This fact may explain the increas- 
ing interest of operating companies 
in power factor correction. Of 
course, if this tremendous invest- 
ment is released, or even part of it, 
the result will eventually be a low- 
ering of power rates. 

Two important considerations that 
affect the power factor question 
from the standpoint of the consumer, 
regardless of whether power is pur- 
chased or generated in his own 
plant, are transmission losses and 
voltage regulation. With low power 
factor the transmission losses are 
excessive and the regulation is poor. 
Both of these factors add to the cost 
of power, for transmission losses 
show directly on the kilowatt-hour 
meter and poor voltage regulation 
causes reduced efficiency on the part 
of all other electrical equipment in 
the plant, therefore showing up in- 
directly in increased cost of power. 

Transmission losses vary directly 
with the square of the current flow- 
ing; the total current is inversely 
proportional to the power factor: 
Hence, the losses vary inversely as 
the power factor squared. With 3 
per cent loss at 100 per cent power 
factor the loss at 70 cent power fac- 
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tor is 6.1 per cent, and is 12 per cent 
at 50 per cent power factor. 

A reduction of only 10 per cent 
in voltage on an induction motor 
may result in an efficiency of several 
points below that for rated voltage. 
Furthermore, power is a function of 
the product of voltage and current 
and for the same power as at full 
voltage a reduction in voltage 
means an increase in current, with 
a resulting increase in transmission 
losses. The “slip” of induction 
motors, which is the percentage by 
which the actual speed of the motors 
falls below the theoretical speed, in- 
creases with reduced voltage and 
where the motors are used to drive 
machines requiring constant and 
maintained speeds this reduction of 
voltage may prove serious. 

These two factors deserve careful 
consideration in laying out any elec- 
trical distribution system. If it is 
practicable to do so, power factor 
correcting equipment should be in- 
stalled on each of the various feeders 
to reduce transmission losses and 
improve voltage regulation thereon. 

It is not the purpose of this article 
to deal with the methods used for 
power factor correction, but the four 
general types of equipment used may 
be mentioned and discussed briefly. 
Synchronous motors, combination 
synchronous-induction motors (the 
Fynn-Weichsel type), static con- 
densers, and synchronous condensers 
may be used, each type of corrective 
equipment having its field of applica- 
tion, depending upon the particular 
conditions. Generally it is more eco- 
nomical to use either the first or 
second methods, as these motors re- 
place low power factor induction 
motors which, if they were not re- 
moved from the lines, would have to 


— 


These diagrams show the analogy 
between power factor in an elec- 
trical circuit and the use factor of 
a mechanical force. 
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be taken care of by additional capac- 
ity with either of the two latter 
methods. Static condensers may be 
best under certain operating condi- 
tions where power factor correcting 
motors cannot be used. The installa- 
tion of synchronous condensers in 
industrial plants is seldom justified 
on account of the high operating 
costs in the comparatively small 
sizes required. However, central 
stations find use for them in large 
sizes where the initial investment 
per unit of correction is lower and 
the power required to drive them can 
be supplied by the excess generating 
capacity at very low cost. 

For the purpose of explaining the 
fundamental conceptions of power 
factor an analogy has been given be- 
tween the flow of a fluid in a system 
of piping and the flow of electricity 
in a distributing system. In dealing 
with practical problems such as are 
encountered when estimates are 
made of the size of corrective equip- 
ment required, or when it is desir- 
able to check power factor meas- 
urements or calculations, it becomes 
necessary to use a mathematical 
representation of actual conditions. 
For this purpose a right-angled tri- 
angle is used such as is shown in 
diagram A of the illustration. The 
longest side, EF, of this triangle 
represents the actual current flow- 
ing. As shown, the useful current is 
only 80 per cent of this; hence the 
power factor is 80 per cent, since 
power factor has already been de- 
fined as the ratio of useful current 
to the total amount of current 
flowing. 

The physical explanation of this is 
illustrated by diagram B. Assume 
that a horse pulling in direction X is 
attached to a cart which has the 
wheels set to move in direction Y. 
With an actual pull by the horse of 
100 lb., it is apparent that only 80 
lb. are available to pull the cart in 
direction Y. By making use of the 
same reasoning that power factor in 
an electric circuit is the ratio of use- 
ful to actual current, we might say 
that the “power factor” of the horse 
is the ratio of useful pull to actual 
pull, or in this particular case, 80 per 
cent. If the total current, 100 amp., 
in diagram A were all useful, the 
power factor would be 100 per cent, 
and if the horse pulled its full 100 
lb. in direction Y his power factor 
would also be 100 per cent. 

Where the power company has a 
rate that involves power factor it is 
necessary for them to make some 
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sort of measurement to determine A more accurate method of de- 


just what the power factor is in a 
given case. The use of a meter to 
measure and record power factor 
directly is not practicable for small 
systems on account of the high cost 
and complexity of such an instru- 
ment. It is customary, therefore, to 
measure the useful current or power 
(which is always done whether 
there is a power factor rate or not) 
and the so-called “idle” or useless 
component. In diagram A this com- 
ponent is the side FG of the triangle. 
Then by a simple calculation power 
factor is determined from these two 
readings. This method is based on 
the use of two standard, polyphase 
watt-hour meters, one of which may 
be the regular service meter con- 
nected in the usual manner. The 
other meter, which is identical with 
the first one, is connected to a so- 
called “phasing transformer” to give 
the 90-deg. displacement, as between 
the lines EG and FG in diagram A. 

In order to calculate power factor 
from the readings of the first or 
kilowatt-hour meter and the “idle” 
or reactive meter, as it is generally 
called, it is only necessary to make 
use of a simple mathematical 
theorem which states that the hy- 
pothenuse of a right triangle is equal 
to the square root of the sum of the 
squares of the other two sides. Thus 
in diagram A, 

EF = v8 + 60’ = V 10,000 = 100, 
and, Power factor = EG — EF = 80 
— 100 = 0.8, or 80 per cent. There- 
fore, if at the end of the month the 
kilowatt-hour meter reads 20,000 
and the reactive meter 25,000, the 
power factor is found as follows: 

Power factor equals 20,000 
20,000? + 25,000 =— 20,000 -— 
32,020 — 62.5 per cent. 

In order to avoid making these 
calculations each time, the accom- 
panying table has been prepared, 
showing the power factor correspond- 
ing to the various ratios of the re- 
active to the kilowatt-hour meter 
readings. Thus in the example just 
cited, Reactive hours — Kilowatt- 
hours = 25,000 — 20,000 = 1.25. 
Reference to the table gives a power 
factor of 62.5 per cent for the ratio 
of 1.25. 

The “kilowatt hour-reactive hour” 
system of power factor metering is 
inaccurate in that it gives the aver- 
age or effective power factor for the 
full period covered by the power bill, 
including transformer “reactives” at 
night and on Sundays and holidays 
when little or no power is being used. 
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termination would give the power 
factor at the time of the peak load, 
as this is really the only time the 
power company is vitally concerned 
with the consumer’s power factor. 
However, in defense of this system 
of metering, it must be understood 
that present-day metering facilities 
make most other methods im- 
practicable. Probably the kilowatt- 
reactive method will continue in 
favor for some time. 

It is not possible to determine 
directly the power factor of a load 
at a particular time, if the kilowatt- 
hour meter and a reactive-hour 
meter are installed, as the readings 
are cumulative. However, if the 
ratio of the number of revolutions of 
the reactive meter to the kilowatt- 
hour meter is found by counting the 
speeds of the disks of the respective 
meters for a period of three minutes 
or longer, the power factor can be 
determined from the table. For ex- 
ample, if the reactive meter makes 
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250 revolutions in three minutes 
and the kilowatt-hour meter makes 
200 revolutions in the same three- 
minute period, the ratio of 250 to 
200 is 1.25, which, according to the 
table, indicates a power factor of 
62.5 per cent. 
An indicating power factor meter 
can be purchased at small cost by 
the power user and is useful in check- 
ing the power factor on various 
feeders to locate that part of the 
plant equipment which is causing the 
low power factor. A portable in- 
strument is capable of still wider use, 
although a permanent installation 
ahead of all feeder switches or fuses 
permits checking individual circuits, 
provided all load except that which is 
to be measured is cut off the lines. 
Power factor rates are now in op- 
eration in many sections of the 
country. In some cases a bonus is 
offered for high power factor; in 
others a penalty is imposed unless 
the power factor is maintained at a 
(Please turn to page 815) 


Determination of Power Factor From Readings of 
Reactive and Kilowatt-Hour Meters 
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Assume reactive meter reads 25,000 and kilowatt-hour meter 
20,000 for the same month; 25,000 + 20,000 = 1.25. Find this figure in 


one of the columns headed “Ratio of React.-Hr. to Kw.-Hr.” 


On the same 


line and in the next column to the right headed “Power Factor,” the power 
factor is found to be 0.625 or 62.5 per cent. 
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PROPER LUBRICATION of the 
bearings used on power drive equip- 
ment is extremely important from 
the standpoint of insuring con- 
tinuity of power service and reduc- 
ing maintenance costs. In particu- 
lar, the lubrication and care of 
motor bearings merit very careful 
consideration, inasmuch as failure 
or trouble with them leads to com- 
plete shutdown of the driven ma- 
chines. In addition, the lubrication 
of motor bearings presents several 
problems which are not ordinarily 
encountered. Some of these prob- 
lems and the methods of overcoming 
them are discussed in this article. 


Problems in 


Lubricating 
Motor 
Bearings 


with a discussion of some 
of the methods used hy 
manufacturers of motors 
and bearings to reduce 
operating troubles 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


REVIOUS articles“ of this 
Pe. on lubrication have dis- 

cussed lubricants and the gen- 
eral methods of applying them. This 
article will treat specifically the lubri- 
cation of electric motors. It is, of 
course, impracticable in a restricted 
article of this nature to discuss each 
of the numerous makes of motors 
because in many cases the method of 
lubricating the bearings is quite 
similar in several makes. The treat- 
ment of the subject here will, there- 
fore, be confined to a discussion of 
the different methods of lubricating 
motor bearings. 

A motor has two vital parts: the 
windings and the bearings. Failure 
of either will stop the motor. It is 
necessary in an article of this nature 


*Articles in this series on lubrication 
which have appeared in previous issues of 
INDUSTRIAL ENGINEER are: “Using Oils and 
Greases for Industrial Lubrication,” De- 
cember, 1925, “Specifications for Oil and 
Grease Lubricants,” March, 1926, and, 
“Equipment Used for Applying Lubricants,” 
May, 1926. 


NDUSTRIAL ENGINEE 


Because of the danger of overfill- 
ing ball bearings, one manufacturer 
supplies grease in soft metal tubes 
of different sizes, each containing 
enough lubricant for a particular 


size of motor. 
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to make frequent reference to bear- 
ings, in any discussion of their lubri- 
cation. Incidentally, a failure or 
excessive wear on a bearing often re- 
sults in damage to, or destruction of, 
the winding also, particularly on 
direct-current motors. Ordinarily, 
however, the type of winding has no 
effect upon the bearings and their 
lubrication except that provision 
must be made to keep the lubricant 
from getting on the windings. Some 
of the methods of doing this will be 
described later in this article. 

The problems involved in the lubri- 
cation of motors are important be- 
cause of the dependence of con- 
tinuous operation upon the driving 
unit. If the motor stops for any 
reason, the equipment driven by it 
also ceases to operate and in many 
cases, such as when one line of ma- 
chines feeds to the next, other de- 
pendent machines must also be 
stopped. For example, in group- 
drive installations each machine can 
go or must stop in conformity with 
the operation of the motor. In 


many process industries stoppage of 
a motor, due to lubrication or other 
troubles, often may cause serious 
loss or damage to the product. Prac- 
tically every plant has certain “key” 
operations which serve as the bottle- 
neck of production; it is of vital im- 
portance that the motors driving the 
key machine or machines do not 
develop trouble or fail. 

Because of this necessity of con- 
tinuous operation motor manufac- 
turers have given considerable 
attention to the bearings and the 
provisions for lubrication. These 
improvements, however, may be nulli- 
fied by neglecting to lubricate at 
proper intervals, by using the wrong 
type of lubricant, and through the 
lack of sufficient protection against 
dust or dirt entering the bearings. 
Even the best bearings and lubri- 
cants are not proof against improper 
use, neglect, and carelessness. 

The conditions under which a mo- 
tor operates also affect the lubri- 
cant and, to a certain extent, the 
selection of the type of bearing. In 
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the case of motors operating under 
abnormal conditions of heat or cold, 
or.in a dusty atmosphere, special at- 
tention must be given to the type of 
bearing, or the lubricant, or both. 

Operation under excessively high 
or low temperature conditions re- 
quires special attention to the type 
of lubricant, as was mentioned in a 
previous article. Where the tem- 
perature is high, an oil must be used 
which will have the correct viscosity 
for the bearing at the higher tem- 
peratures. Manufacturers of lubri- 
cants provide special oils for use 
under such conditions. Also, where 
a motor is exposed to low tempera- 
tures a lubricant must be used 
which has a low “cold test” or con- 
gealing point. Similarly, where 
grease is used in motors exposed to 
heat or cold, care must be exercised 
to see that a grease is chosen which 
will have the proper consistency un- 
der the operating conditions. 

One of the main problems in the 
lubrication of motors is to provide 
a means for the uninterrupted sup- 
ply of lubricant to the bearings, so 
as to maintain the film of lubricant 
between the shaft and its bearing. 
The methods of doing this vary 
somewhat with the different makes 
of motors, but in general they fall 
within or are modifications of some 
of the types which will be explained 
later. These systems of lubrication 
for the bearings are very similar to 
the systems used on the same types 
of bearings for other industrial ap- 
plications. However, where a bear- 
ing is applied to a motor it usually 
has some improvements or additions 
over other bearings of the same type 
when applied to ordinary industrial 
applications. In general, these im- 
provements consist of better methods 
of retaining the lubricant in the 
bearings by preventing it from 
creeping along the shaft and thus 
getting onto the windings, as well as 
more positive means for feeding the 
lubricant to the bearing. 

Wick Oiling—Some form of wick 
oiling is commonly used on frac- 
tional-horsepower motors. 
ing devices usually consist of a 
reservoir for holding the oil and 
the wick. The wick is generally ar- 
ranged to press against the side of 
the shaft; in some cases it is held 
against the bearings by springs. 
The oil feeds through the wick and 
onto the bearings. Rotation of the 
shaft carries the oil away from the 
wick and distributes it over the bear- 
ings. Lubrication is continuous as 
long as the motor is in operation, 


Wick oil- | 
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A cross-section of an improved 
type of ring-oiled sleeve bearing. 


Speclal precautions are taken in this 
bearing to prevent oil leakage. The 
opening is a bypass for air to 
prevent unbalanced air pressure within 
the bearing. Oil leakage from careless 
filling is overcome by the inner bearing 
cap J. The cover to the oll ring slot D 
is bolted down against the shellacked 
felt gasket. The oil ring slot D and 
oiling hole L are tightly closed, as 
shown, which in addition to the felt 
washer M seal the housing against in- 
gress of air and thus prevent currents 
of air passing through the housing. 
The bearing cap lip O eliminates oll 
spray from ventilating air by prevent- 
ine 1 escape at the housing along the 
shaft. 


but the flow of oil stops when the 
motor is shut down. Generally the 
reservoir is large enough to contain 
sufficient lubricant to keep the wick 
well saturated for a long period, so 
that the bearings need to have lubri- 
cant added only occasionally. 

Some of the advantages of this 
method of lubrication are that it re- 
quires only infrequent attention and 
is always ready for service at any 
time, even though the motor is op- 
erated infrequently and irregularly. 


An example of a wool yarn packed 
bearing. 


This cut-away drawing shows the 
position of the wool yarn as it is 


passed around the bearing. Oil is 
supplied through the spring-closing oil 
cup at the side. In this way, any dirt 
which enters the bearings while they 
are being oiled is not carried up to the 
shaft. If the bearing were oiled from 
the top, foreign matter might be 
washed down into the bearing. 
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Also, the wick will remain saturated 
for a time even though the motor, 
which in the fractional and small 
horsepower ratings is easily moved, 
has been upset and the oil reservoir 
has been drained. 

One of the most common means 
of preventing creeping of oil in 
wick-oiled bearings is to provide 
either a groove or opening in the 
bearings, or a projecting ring or 
disk on the shaft. As the oil creeps 
along the shaft it is thrown off from 
this disk or into the groove by the 
centrifugal force of rotation. Varia- 
tions and improvements of this 
method, some of which will be shown 
and discussed later, are perhaps the 
most common means of preventing 
the oil from creeping along the shaft 
and entering the windings of the 
motor. 

Lubrication by Packed Waste or 
Wool Yarn—The wool yarn method 
of lubrication is also frequently used 
on fractional-horsepower motors. 
This method of lubrication differs 
somewhat from the wick system in 
that the oil reservoir is usually of 
greater capacity, and the yarn is 
considerably larger than the wick. 
Long strands of wool yarn are used 
to carry the lubricant from the oil 
reservoir to the top of or side of the 
shaft by capillary action. 

Bearings packed with waste in- 
stead of yarn are used on motors 
of larger size. Packing with waste 
serves much the same purpose as 
the yarn in the fractional-horse- 
power motors in that it carries a 
continuous supply of the lubricant to 
the surface of the shaft. 

One of the most common applica- 
tions of waste-lubricated bearings is 
in street railway motors. This same 
method is frequently used in indus- 
trial applications; however, the 
method of filling the bearing or oil 
reservoir with the waste or yarn is 
of considerable importance. The 
lubricant is carried up to the bear- 
ings along the strands of the fiber 
by capillary action. The waste also 
serves as a filter to separate out par- 
ticles of dust or dirt from the lubri- 
cant and prevent them from working 
into the bearings. 

It is necessary for the best results 
to have the strands of the waste or 
yarn run in parallel lines as nearly 
directly from the oil reservoir to the 
bearing as possible. A bearing 
should never be packed by merely 
cramming it full of waste or yarn. 
A better way is to fold the waste or 
yarn into a skein long enough to 
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Here two split rings are fitted to 
the shaft and turn in grooves in the 
housing. 
These rings form an effective oil and 


dust seal. Where oil is used in ball 
bearing motors, a more effective seal 
must be provided than where grease is 
used, because oil creeps much more 
easily than will grease. 
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reach from the top of the bearing to 
the bottom of the oil reservoir. It 
should be held in position by pack- 
ing in more waste yarn. 

In motors operating under high 
temperature conditions, which may 
be due either to the surrounding 
temperature or to heat transmitted 
to the shaft, from the motor, the 
waste which comes in contact with 
the shaft is frequently baked or 
glazed. This retards the capillary 
flow of the oil and can be determined 
only by inspection, which should be 
frequent whenever conditions are 
such as described. 

It is usually best to fill such bear- 
ings from the side or bottom of the 
reservoir, through a pipe extending 
out to the side, rather than to pour 
the oil down through the top of the 
bearing because of the danger of 
washing dust particles down through 
the waste or yarn and into the bear- 
ings with the oil. The top opening 
should be sealed and used only for 
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inspection or repacking. Also, as 
with practically all other types of 
bearings, it is not wise to fill them 
too full of oil because of the addi- 
tional danger of the oil creeping past 
any barriers and getting into the 
windings. With almost any type of 
bearing, there is seldom any excuse 
for filling it so that the level of the 
oil is high enough to touch the bot- 
tom of the shaft. This is not true, 
of course, of grease-lubricated ball 
bearings. 

It is also well to provide an oil gage 
or some means of indicating the 
depth of oil in the reservoir oth 
for inspection and to indicate che oil 
level to the oiler. Care must be 
exercised to see that this gage line 
does not fill up. Ordinarily the gage 


The tapered roller bearings in this 
motor are arranged for grease lu- 
brication. The bearings are sealed 
to retain the lubricant and keep 
out foreign matter. 


is on the same line as is used to 
fill the bearing. 

Ring Oiling — One of the best 
known methods of lubricating mo- 
tors is by means of a ring oiler. 
Briefly, the elements of a ring- 
oiling bearing consist of a bearing, 
shaft, an oil reservoir, a loose ring, 
and provision for preventing oil 
creep. The ring fits on the shaft and 
dips down into the oil reservoir; the 
rotation of the shaft turns the ring 
which carries oil up from the reser- 
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Another method of installing ball 
bearings for grease lubrication on 
a motor. 


dn this case the housing seals or shaft 
enclosures are of the felt washer type, 
which will effectively prevent leakage 
of the grease provided a suitable 
lubricant is selected. The grease should 
have a higher melting point than the 
highest temperature attained by the 
bearing in operation, This may be 
10 deg. to 50 deg. F. in excess of the 
temperature of the adjacent parts of- 
the motor, which of course are subject 
to electrical heating. These bearings 
have Alemite fittings but the housing 
should never be filled more than one- 
third to one-half full of lubricant. 


‘voir and deposits it on the shaft. 


Some of the advantages of this type 
of bearing are that it is simple, 


lubrication is positive, and there is 


little chance for anything to get out 
of order. 

With some of the old. type bear- 
ings difficulties resulted from the 
ring sticking to the side of the 
groove in which it fits, or jumping 
out of its groove; in most modern 
motor bearings these difficulties 
have been overcome. Where ring- 
oiling bearings have given trouble 
from excess oil on windings, it has 
often been traced to the practice of 
filling the bearing too full of oil, 
which does not permit the function- 
ing of the “oil thrower,” or other 
means of preventing creep.“ Where 


Methods of mounting and lubricat- 
ing ball bearings on horizontal 
and vertical motors. 


The pair of illustrations at the left 
show the type of mounting which is 
known as the “cartridge closure” for 
horizontal motors with solid end bells. 
The cartridge mounting differs from the 
standard mounting in that the bearing 
is not mounted in the end bell but in 
a separate housing that fits into the 
end bell as a unit so that the end 
bell can be taken off and the windings 
exposed for inspection without exposing 
the bearing. This arrangement, it is 
stated, not only simplifies the con- 
struction, but also helps to exclude 
dirt from the bearings in that they 
do not have to be opened when inspect- 
ing the windings. The seal, which is 
for grease lubrication, consists of a 
groove and felt packing. The pair of 
bearings at the right show a method 
of oil lubrication on a vertical motor. 
A special] sleeve and packing are used 
to retain the lubricant. 
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the oil is high enough to touch the 
shaft it is almost impossible to make 
a seal tight enough to retain the oil. 
With the reservoir too full the feed 
of the oil to the bearings keeps so 
much oil on them that the excess 
does not have an opportunity to flow 
back directly into the reservoir. 

Another difficulty with ring-oiled 
bearings is often due to inadequate 
reservoir capacity. The reservoir 
serves three purposes, namely; for 
storage, as a settling chamber, and 
to permit the oil to cool by radiating 
the heat. Where the reservoir is 
too small, the ring keeps the oil agi- 
tated and does not give impurities 
an opportunity to settle. This diff- 
culty can sometimes be remedied by 
inserting a short length of pipe with 
a cap on the end into the drain open- 
ing. This increases the capacity of 
the reservoir and also provides the 


length of pipe as a settling and cool- 


ing chamber. 

Another method of preventing oil 
creepage, in addition to the disk or 
oil thrower and grooves, is by means 
of felt or composition wiping rings. 
These also serve to prevent the en- 
trance of dust. 

The rate of flow of the oil through 
the bearing to the reservoir is con- 
trolled largely by the grooves in the 
bearings and the viscosity of the oil. 
If an oil has too high viscosity and 
flows too slowly through the bear- 
ing grooves it may cause trouble. 
This may be remedied by selecting 
a lubricant of lower viscosity. How- 
ever, if the bearing is to operate 
under conditions of high tempera- 
ture, it is well to use an oil of some- 
what higher viscosity than for ordi- 
nary conditions, because the effect 
of the heat is to thin the oil and de- 
crease its viscosity. 

Within the past few years motor 
manufacturers have directed con- 
siderable effort toward the improve- 
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In this case the oil slingers are 
made of thin sheet metal. 

One slinger revolves with the shaft and 
the other is flxed to the housing. The 


clearance between the two is very 
small. 
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Specifications of Grease for 
Ball Bearings 


The essential characteristics 

of a suitable grease for use on 

ball bearing motors, as given 

by one manufacturer, are as fol- 
los: 

(1) Consistency should be a 
little heavier than that of vas- 
eline. About Nos. 2 or 3 as 
graded by automobile grease 
manufacturers. A grease of 
this consistency is stiff enough 
not to churn at high speeds, yet 
soft enough to protect the balls 
and races. 

(2) Melting point should be as 
high as possible—180 deg. F or 
higher. 

(3) Grease should have no 
tendency to gum or harden. 

(4) Grease should not contain 
abrasive or body-giving matter, 
such as talc, graphite, or ground 
pumice. 

(5) It should be made on a 
mineral base—not vegetable or 
animal. 

(6) Free acid or alkali should 
not run over 0.1 per cent. 

(7) Consistency of the grease 
should not change at lowest out- 
side and maximum motor tem- 
peratures. 

(8) There should be no tend- 
ency to separate while standing. 


ment of sleeve bearings and the ring 
oiler. Many such bearings, which 
are very reliable even under adverse 
conditions, are now available. 

Ball and Roller Bearing Lubrica- 
tion—During the past few years, 
manufacturers of electric motors 
have been giving increasing atten- 
tion to the demands of motor users 
for bearings which will stand up 
under severe operating service over 
a long period of time, even though 
it might be difficult to get at them 
for regular and frequent oiling. This 
was particularly true of motors 
operating under severe conditions 
and where they are difficult of ac- 
cess. The solution of such operating 
problems has been met very exten- 
sively through the use of ball and 
roller bearing motors. 

The recommendations of manu- 
facturers of ball and roller bearings 
vary somewhat as to the type of 
lubricant to use. In some cases 
grease is preferred, while in others 
oils are used. Among the advan- 
tages which have been found to re- 
sult from the use of ball or roller 
bearings in motors, one which stands 


out perhaps more than the others is 


the reduction of labor in oiling. With 
ordinary bearings, and under some 
operating conditions, motors require 


Vol.84, No.7 


the attention of the oiler at least 
once a day or oftener; in other cases, 
a longer period may intervene, but 
it is advisable at least to give the 
motors frequent inspections to see 
that the oiling system is working 
properly. 

Except under very unusual condi- 
tions it is ordinarily sufficient to oil 
or grease ball or roller bearings on 
a motor only about once or twice, 
or at the most three or four times, 
a year. Many companies make a 
practice of adding lubricant at half- 
year periods and cleanings out the 
bearings and refilling at the end of 
the year. This requires only a frac- 
tion of the attention and labor nec- 
essary where a bearing must receive 
attention each day. Also, the con- 
sumption of lubricants is much less. 

The function of the lubricant in a 
ball or roller bearing is somewhat 
different from that in other types 
of bearings in that one of the im- 
portant purposes is to protect the 
metal in the balls or rollers from 
corrosion. For this same reason 
lubricants should be free from acid 
or alkali. The metal has a high fin- 
ish and if it were left exposed would 
corrode or pit which would be very 
detrimental to the operation of the 
bearing. Also, because of the roll- 
ing action of the metallic surfaces, 
instead of sliding friction, as in 
other bearings, practically no heat is 
generated and so the lubricant does 
not have to cool the bearing. In this 
way a smaller quantity of lubricant 
is required than in other types of 
bearings. Consequently, the bearing 
cavities may be smaller. 

Many manufacturers caution 
users against filling a ball or roller 


This ball bearing motor is designed 
for grease lubrication. 

The bearing is sealed against dust and 
escape of lubricant by the packing ring 


and groove, as may be seen in the 
illustration. 
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bearing too full of lubricant, and 


particularly against filling it under 
pressure. In case such bearings are 
filled too full of lubricant or under 
pressure, the churning of the lubri- 
cant by the balls or rollers heats up 
the bearings. Also, if a bearing is 
filled under pressure there is a tend- 


ency for the lubricant to work out 


of the bearing past any barriers 
which the manufacturer has placed 
along the shaft and which will pre- 


vent creepage under ordinary condi- 


tions. Where a bearing is filled with 
a grease of too heavy consistency or 
oil of too high viscosity, there is 
_also a tendency to heat because of 
the friction of the oil or grease. | 


As stated before, some manufac-. 


turers recommend grease as a lubri- 
cant. One of the advantages is that 
grease is considered less likely than 
oil to creep along the shaft. 
it is easier to provide a seal when 
grease is used. A grease that is so 
thin that it will flow freely will, it 
is stated, churn and heat up at 
speeds around 5,000 r.p.m. One 
manufacturer, however, recommends 
greases, of properly selected consist- 
ency, for use at speeds up to 7,500 
r.p.m. Specifications for a grease 
for ball bearing motors, as given by 
one manufacturer, are shown in the 
accompanying table. 

Cleaning—The design of the bear- 
ing, the adequacy of the seal, and 
the service conditions determine the 
frequency of attention. Ordinarily 
ring-oiled bearings should be cleaned 
at much shorter periods than ball or 
roller bearings. Ring-oiled bear- 
ings, however, can operate with con- 
taminated oil better than can ball or 
roller bearings. 

When cleaning, any gummed oil or 
grease as well as accumulated dirt 
and grit, should be removed. One 
method of cleaning the bearing 
housing is to remove the top and 
bottom plugs from the housing and 
drain out the lubricant. Next, re- 
place the bottom plug and fill with 
kerosene, gasoline, or a light lubri- 
cating oil heated to about 200 deg. 
F. until the oil appears at the oil 
filling opening. The top plug should 
then be replaced and the motor 
turned over by hand a few times to 
distribute the solvent. In about 10 
min. the plugs can be removed and 
the housing drained; rotate the 
motor slowly by hand while drain- 
ing. The bottom plug should then be 
replaced and about 3 pt. of clean oil 
poured into the housing; a few turns 
of the motor by hand will distribute 
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the clean oil and wash out any kero- 
sene or other solvent which might 
affect the fresh oil. This flushing 
bath is then drained ‘and the’ bear- 
ing filled to the proper level. 


For ordinary motor service, re-s certain point. 


newing the grease in ball or roller 
bearings once a year is ample. Under 


any conditions the most frequent 


renewal is every three months. At 
the time of renewal the packing 
rings should be inspected, if these 
are used. This is also a good time 


to note the quality of the grease last 


Two other types of seals for oil- 
lubricated ball bearings. 


The illustration at the left shows a 
combination oil slinger and a dust- 
proot felt washer, which is indicated 

solid black. The seal only is enone 
e 


in both of these illustrations. 
illustration at the right shows a com- 
bination labyrinth groove to exclude 
dust and an oil groove which drains 
back into the bearing housing. 


— 
used, and to see whether or not it 
has hardened. The tendency of 
grease to cake is really what deter- 
mines the frequency of lubrication 
and cleaning. In renewing grease 
care must be taken not to let dirt get 
into the housing. 

Closure—Each motor manufac- 
turer has methods of his own to close 
the bearing against leakage, and also 
against the entrance of foreign ma- 
terial. A few of these methods are 
shown in some of the accompanying 
illustrations. The discussion of each 
closure is given in the caption 
accompanying the illustration. It 
may be said, however, that in gen- 
eral the purpose of the end bell of a 
ball or roller bearing motor is to per- 
form three functions: (1) To hold 
the outer ring of the bearing and 
do this in such a way as to make 
assembly and disassembly easy. (2) 
To retain lubricants. (3) To exclude 
foreign matter. Some of the means 
of doing this may be seen from a 
stuay of the illustrations. 

It is easily seen, therefore, that the 
selection of the proper type of lubri- 
cant is of great importance. The 
manufacturer’s recommendation can 
be taken in any case where a motor 
is operating under any ordinary con- 
ditions. If abnormal service condi- 
tions are involved, it is well to con- 
sult with either the manufacturer of 
the motor or the bearings, or both. 
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Low Power Factor 
Causes Trouble 
(Continued from page 810) 


Some rates adjust 
only, the demand charge for power 
factor; others charge only the energy 
rate, while a few adjust both demand 
and energy charges in Becondance 
with a fixed schedule. 

One of the simplest rates now in 


operation specifies that for each 1 per 


cent by which the power factor is 
maintained above 90 per cent, a dis- 
count ef 1 per cent will be allowed on 
the demand charge; whereas, for. 
each 1 per cent by which the power 
factor is below 80 per cent, a penalty 
of 1 per cent will be imposed. This 
rate has been used satisfactorily for 
over a year on the lines of an oper- 
ating company in Northern Indiana. 

Another rate which has been quite 
popular does not include a penalty 
clause, but specifies a discount of 5 
per cent if the power factor is main- 
tained over 80 per cent, and a dis- 
count of 10 per cent if it is kept at 
90 per cent or better. The Rockford, 
Ill., Electric Company uses this rate. 

Probably the most widely used 
power factor rate is based upon an 
average or effective power factor of 


85 per cent. It operates as follows: 

AVERAGE MULTIPLY 
POWER Kw.-HRr. BY THIS 
FACTOR CONSTANT 

1.00 951 

95 965 

90 981 

85 1.000 

80 1.023 

75 1.050 

70 1.0835 

65 1.1255 

60 1.1785 

55 1.2455 

. 50 1.3335 


An examination of this rate will 
disclose the fact that low power fac- 
tor results in greatly increased bill, 
while high power factor gives a sub- 
stantial reduction. This rate is used 
by the American Gas and Electric 
Company properties in Indiana, 
Michigan, Ohio and elsewhere. 

Another widely used rate is based 
upon the following equation: 

Net billing = (regular billing X 
.85) — average power factor. 

At 50 per cent power factor a pen- 
alty of 70 per cent is imposed, while 
at 100 per cent power factor, a bonus 
of 15 per cent is earned. 

Methods of raising the power fac- 
tor of an industrial plant will be 
discussed in other articles which will 
appear in succeeding issues. 
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Power Drive Equipment 
for Industrial Pumps 


together with a discussion of their operating charac- 
teristics which affect the selection of the motor, con- 


frol, and drive connection 


HE preceding article on the 

application of motors to pumps, 

published in the May issue, 
gave the details of the operating 
characteristics of reciprocating, ro- 
tary, and centrifugal pumps and 
discussed briefly the application of 
motors to them. This article will go 
more into detail regarding the selec- 
tion of motors, control, and drive 
equipment for the different types of 
pumps. 

In the majority of pump drives ap- 
proximately constant quantities and 
heads are involved. If this is not 
the case the best method of meeting 
the range of requirements should be 
carefully considered. 

With a reciprocating or rotary 


BY GORDON FOX 
Electrical Engineer, Freyn Engineering 
Company, Chicago, III. 
pump the quantity of liquid delivered 
is closely proportional to the speed 
and almost independent of the head. 
Reduction in quantity can be ob- 
tained either by a reduction in speed 
or by an overflow provision, the lat- 
ter being relatively wasteful. A 
reciprocating pump working against 
a given head requires constant torque 
at any speed, and the horsepower is 
in proportion to the speed at which 

the pump is operated. 

In the case of the centrifugal 
pump, delivery can be reduced by 
reducing the speed or by throttling, 
which increases the head against the 
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Fig. 1—The synchronous motor is 
particularly adapted for driving 
constant-speed centrifugal pumps. 


These two 200-hp., 1,500-r.p.m., 2,200- 
volt Electric Machinery Co. synchro- 
nous motors are driving Worthington 
single-stage centrifugal pumps. Ex- 
citers of 2- capacity are direct- 
connected to the motor shaft. The con- 
trol for the motors may be seen in the 
left background. 


pump and thereby decreases the 
quantity. Let us consider the effect 
of change of speed on a centrifugal 
pump. 

A change in pump speed causes a 
change in the head developed by the 
pump and also a change in volume. 

Fig. 2 shows the characteristics of 
a pump at normal speed and at 
speeds above and below normal over 
a limited range. A series of eff- 
ciency curves are included which in- 
dicate at their intersections with the 
head-capacity curves, the conditions 
which give 100 per cent, 95 per cent, 
etc., of maximum pump efficiency. 
Let us assume that the maximum 
efficiency of this pump is 70 per cent. 
The pump has this efficiency at 100 
per cent rated speed and 100 per cent 
rated capacity, also at 110 per cent 
speed and 110 per cent capacity, etc. 
At 110 per cent speed and 75 per cent 
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capacity, the pump has an efficiency 
of 92 per cent of 70 per cent, or 64.3 
per cent. 

It should be noted that the pump 
manufacturers’ characteristic curves 
are based on a fixed speed. These 
curves are somewhat modified by the 
speed regulation of the motor, tend- 
ing to give increased droop to the 
capacity-head curve. This effect 
should be borne in mind particularly 
when compound-wound motors or 
variable-speed, wound-rotor motors 
with secondary resistance are used. 
In exceptional cases it may be de- 
sirable to modify the pump character- 
istics by this means. | 

When the speed of a pump is in- 
creased, the point of maximum effi- 
ciency occurs at a higher head and 
greater volume than at normal speed. 
When the speed of a pump is reduced 
below normal speed the point of 
maximum efficiency occurs at a lower 
head and lesser volume than at nor- 
mal speed. This can be seen from 
inspection of Fig. 2. 

If a centrifugal pump is operated 
against a constant head and if the 
speed be changed to vary the output, 
the pump efficiency will change ma- 
terially, due to the different portions 
of the characteristic curves on which 
the pump will be worked. Fig. 3 is 
of interest in this connection. In it 
are shown how the volume, head, effi- 
ciency, and power vary with changes 
jin speed in the case of the pump 
whose characteristics are shown in 
Fig. 2. It is assumed that this pump 
operates against a fixed static head 
of 80 per cent of rated head. The 
balance of the system head is fric- 

tion head; thus at rated delivery, the 
friction head is 20 per cent of rated 
head, 
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Due to the presence of the static 
head the effect of speed changes can 
be determined only by study of the 
characteristic curves at the different 
speeds. It will be seen from Fig. 3 
that this pump will deliver little or 
no volume until it exceeds 80 per 
cent speed; thereafter the volume 
increases faster than in direct pro- 
portion to the speed. The total head 
increases approximately directly as 
the speed, and not as the square of 
the speed. The speed-head curve in 
this case happens to be an approxi- 
mately straight line. The efficiency 
is less at speeds above and below rat- 
ing because the system characteristic 
is such that the pump operates 
slightly off-rating at speeds above 
and below normal speed. At consid- 
erably reduced speeds, when the de- 
veloped head approaches the static 
head and the volume decreases, the 
efficiency falls very rapidly. The 
horsepower increases from shut-off 
value at about 80 per cent speed at a 
rate faster than the cube of the speed. 
It is also evident from this study 
that the speed of a pump cannot be 
reduced greatly below rated speed if 
the rated head is largely static head. 

As explained in the fourth para- 
graph of this article, the delivery of 
a centrifugal pump can be reduced 
by reducing the pump speed or by 


Figs. 2 and 3—How change in 
speed affects the output of a cen- 
trifugal pump. 


Fig. 2 shows the characteristics of a 
pump when operating at normal speed 
at 10 per cent below rated speed an 
at 10 per cent above rated speed. In 
Fig. 3 is shown how the characteristics 
of Anis same pump vary with change in 
speed. In this graph, volume, horse- 
power, efficiency and total head are 
Pa directly against change in 
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throttling the discharge. The effect 
of changing the pump speed has just 
been considered. Let us now discuss 
the effect of throttling. 

If a centrifugal pump has a flat 
capacity-head curve a small in- 
crease in system head, obtained by 
throttling, will cause a relatively 
great decrease in delivery. The loss 
of power incident to the false head is 
then moderate. If a pump has a 
steep capacity-head curve it is neces- 
sary to increase greatly the system 
head by throttling in order to reduce 
the discharge. The loss due to this 
false head then becomes a material 
factor. 

A comparison of relative effi- 
ciencies of control of delivery by 
throttling as compared with varia- 
tion of motor and pump speed, using 
armature or rotor resistance, must 
weigh the fact that with varied speed, 
the combined efficiency of motor and 
control falls off with reduced load 
and increased slip, while the water 
horsepower or pump load rapidly de- 
creases. With throttled discharge the 
drive efficiency is well maintained, 
but the pump load decreases only 
slightly, to an extent dependent upon 
the pump characteristics. 

The feasibility of throttling the 
discharge for volume control de- 
pends to a large extent upon the sys- 
tem characteristic. If the system 
head is largely static head a reduc- 
tion in volume is not attended by a 
great decrease in normal friction 
head. If the system head is largely 
or entirely friction head a reduc- 
tion in volume is normally attended 
by a material reduction in friction 
head. In this event the false head 


must offset this normal decrease in 
friction head and must introduce 


aa 


sufficient additional false head to 
bring about the desired reduction in 
volume. The normal decrease in 
water’ horsepower due to reduced 
pipe friction at reduced volumes is 
thus absorbed in throttling with a 
material loss in economy. Where 
the system head is largely static head 
the losses due to throttling are less 
pronounced. 

Small centrifugal pumps are more 
commonly operated at constant speed, 
the delivery being controlled by 
throttling. For the larger pumps, 
particularly if they are to be oper- 
ated for long periods at reduced de- 
livery, it is advisable to calculate the 
electric power consumption with the 
different methods and to determine 
whether the saving, if any, using 
adjustable-speed drive, will justify 
the greater investment incident to 
this type of drive. In this connec- 
tion it may be well to call attention 
to the considerable power loss which 
may arise through the not uncom- 
mon practice of installing oversize 
pumps and throttling the discharge. 
A few feet of false head will more 
than offset any possible savings in 
electrical energy. 


APPLICATION OF MOTORS TO 
VARIABLE-SPEED PUMPS 


Where speed adjustment of pumps 
is desired, the wound-rotor induction 
motor is most commonly used. As 
the load is ordinarily of a non-fluc- 
tuating character and as the speed 
range desired is usually small, this 
method is quite satisfactory as to 
performance. The loss in the sec- 
ondary resistors is an item, but it is 
ordinarily not serious where only a 
small speed range is involved. 

In laying out the resistance for 
speed control of wound-rotor motors 
used on pumps, it is necessary to con- 
sider the torque. requirements of the 
pumps at different speeds. The 
torque required by a centrifugal 
pump falls off at a rate between the 
square and the cube of the speed re- 
duction, depending in part on the 
system characteristic. The torque of 
a reciprocating pump or a rotary 
pump depends directly upon the sys- 
tem head. If the head is largely 
static, the torque is nearly constant. 
The loads and the losses at reduced 
speeds are then relatively great. If 
the head is largely frictional, the 
torque falls off approximately as the 
square of the speed reduction. The 
loads and the losses at reduced speeds 
are then relatively small. 

The torque relations outlined 
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Fig. 4—Two duplicate pumps opet- 
ated in parallel will not commonly 
deliver twice the quantity delivered 
by one pump. 


This is due to the fact that the in- 
crease in system head incident to the 
greater quantity of liquid pumped may 
cause the combination of pumps to 
operate higher on the system head 
curve. From the volume curve it may 
be seen that one pump operating on 
the required system head, as shown by 
the intersection of the volume and sys- 
tem head curves, will deliver 21,000 
g. p. m. at an efficiency of 40 per cent, 
while two pumps will deliver only 
30,000 g.p.m., but at an efficiency of 
80 per cent. Although the addition of 
a second pump increases the quantity 
pumped by only 43 per cent, yet the 
efficiency of operation is doubled by 
using two pumps; hence the use of 
two pumps is more economical in this 
au ne opposite condition is shown 
in g. 7. 


above must be considered in propor- 
tioning the secondary resistance for 
speed control of a wound rotor induc- 
tion motor in pumping service. It 
is customary to supply resistors pro- 
portioned for constant torque for 
use with reciprocating pumps and 
proportioned for “fan duty” for use 
with centrifugal pumps, unless other- 
wise specified. It will be seen that 
in some cases such design is not en- 
tirely correct. 

The brush -shifting commutator 


motor is well adapted in its charac- 
teristics for 


driving centrifugal 
pumps where speed adjustment is 
desirable. The principal deterrents 
to the use of this type of motor are 
its higher first cost and somewhat 
greater complication. In any specific 
case the economy of this type of 
drive, as compared with the wound- 
rotor induction motor with second- 
ary resistance, should be evaluated 
for justification of the higher first 
cost. Ordinarily this type of motor 
can be justified only if the pump is 
to operate at reduced speed contin- 
uously for long periods. 

The multi-speed induction motor 
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System head 


Efficiency, Per Cent 


has been successfully applied in 
several instances where two fixed 
speeds will suffice, notably for sur- 
face condenser circulating pumps. 
The lower speed usually will be about 
75 per cent of the higher speed. The 
horsepower required at the lower 
speed is materially less than at the 
higher speed, the exact relation de- 
pending upon the system and pump 
characteristics. 

It is sometimes feasible to supply 
two motors of different speeds, each 
motor being large enough to drive 
the pump at its respective speed. 
This method involves a high first 
cost but there may be a material 
power saving as compared with the 
use of a wound-rotor induction mo- 
tor. Also the power factor, when 
using this method, at the lower 
speed, will be better than that of 
the multi-speed motor. This type 
of drive can be justified in case of 
long periods of operation at a re- 
duced speed. 


USING Two PUMPS TO SUPPLY 
VARIATION IN DEMAND 


Not infrequently variation in 
water requirement is met by the use 
of two or more pumps, the number 
of pumps in service being suited to 
the demand. In this connection it 
should be noted that on a given sys- 
tem, two duplicate pumps will not 
commonly deliver twice the quantity 


delivered by one pump. This is due 


to the fact that an increase in sys- 
tem head incident to the greater 
quantity may cause the pumps when 
in combination to operate higher up 
on the head curve and at lesser de- 
liveries than when running alone. 
The efficiency of the pumps is also. 
affected by the different point of op- 
eration. These relations are brought 
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Fig. 7—Pump_ efficiency must 
always be investigated when using 
two identical, constant-speed cen- 
trifugal pumps. 


This graph shows the characteristics 
of two pumps differing from those 
shown in Fig. 4, but operating on the 
same system. The intersection of the 
system head curve and the volume 
curve for one pump gives a volume or 
capacity of 27,000 g.p.m. at a pump 
efficiency of 80 per cent. Two pumps 
operating in parallel deliver only 11 
er cent more or 30,000 g.p.m. and 
oth pumps operate at 60 per cent eff- 
ciency. Hence it is much more eco- 
nomical to operate the pumps singly. 


out clearly in Figs. 4 and 7. Fig. 4 
shows two duplicate pumps driven at 
constant speed. The application is 
such that the best pump efficiency is 
obtained when the two pumps operate 
in parallel. Fig. 7 shows two dupli- 
cate pumps differing from those 
shown in Fig. 2 but operating on the 
same system. In this case the best 
efficiency is obtained when the pumps 
operate singly. The proper pump 
selection in such a case depends upon 
whether single or parallel operation 
prevails. 

In Figs. 4 and 7 the system head is 
entirely frictional. Where static 
head is more predominant and the 
system head curve is flatter, the dif- 
ferences between single and parallel 
performance are less marked. 

Where direct current is available 
the adjustable-speed motor may be 
employed to provide speed control. 
Armature resistance control instead 
of shunt field control of speed may 
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also be used, thus paralleling the 
performance of the wound-rotor in- 
duction motor. The higher efficiency 
of the adjustable-speed type motor 
ordinarily warrants its selection in 
case of extended operation at reduced 
speed. It is permissible that an 
adjustable-speed motor for pump 
drive have a higher horsepower rat- 
ing at high speed than at low speed. 

Where alternating current only is 
available it is seldom feasible to con- 
vert to direct current in order to 


utilize the adjustable-speed, direct- . 


current motor for a pump drive. The 
conversion loss offsets any possible 
power saving, giving little justifica- 
tion for the investment involved. 
Where both alternating and direct 
current are available the relative 
costs of the two services must be con- 
sidered in making a selection. 


Where a standpipe or other suff- 
cient storage provision exists, the de- 
livery of a given constant-speed pump 
may be varied by operating the 
pump intermittently, automatic con- 
trol being provided, this in turn 
being governed by a float or pressure 
switch. This arrangement necessi- 
tates starting the pump under load. 
It also requires a storage sufficient, 
with respect to pump capacity and 
service demand, so that periods of 
pumping and rest will not be of too 
brief duration. 

If a centrifugal pump delivers to 
a system upon which a standpipe 
floats, the delivery of the pump will 
automatically vary as the level in the 
standpipe changes, due to the droop- 
ing capacity-head curve of the pump. 
This automatic adjustment of out- 
put, with pumps driven at constant 
speed, may suffice to meet the varia- 
tion in demand. | 

A centrifugal pump delivers a 
greater quantity at heads below rat- 
ing. In so doing it requires more 
than normal driving power. Dif- 
ferent pumps vary in degree. Pumps 
having a steep capacity-head curve 
will not vary delivery much, except 
with marked change of head. Pumps 
with a flat capacity-head curve may 
deliver widely different volumes, 
with slight changes in head. Their 
power demand varies accordingly. 
Many modern pumps are so designed 
that the load can exceed. rated lead 


Figs. 5 and 6—Pump drives havittg 
heavy starting torque require spe- 
cial provisions ‘for starting. 


In Fig. 5, upper view, the 350-hp., 
500 r. p. m., synchronous. motor is 
connected to a N duplex. 
reciprocating pump by means of a 
Cutler-Hammer magnetic clutch. Fig. 
6, below, shows three 75-hp., 440-volt, 
wound-rotor motors driving triplex 
pumps used for railway water supply 
purposes. The wound-rotar motors 
supply a large startin oak ba and also 
give variable speed when desired. The 
motors are controlled by means of In- 
dustrial Controller Compagy automatic 
secondary-resistance colgroflers. 
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relatively little even with free dis- 
charge. A pump of this type is 
“non-overloading’”’ only if it is se- 
lected and motored on the basis of its 
normal rating. If it is selected and 
motored on the basis of a lower 
capacity operating point a material 
overload may be possible. 

In selecting a motor to drive a cen- 
trifugal pump the size should be 
based on the power requirement at 
the minimum head and maximum de- 
livery probable, as the load is then 
usually greater than with rated con- 
ditions. A motor for a “non-over- 
loading” pump should correspond in 
rating with the maximum load the 
pump can develop. 

The writer recalls a case in which 
two motor-driven centrifuga] pumps 
operating in parallel delivered to a 
system having a standpipe. One 
motor tripped off due to a fault. The 
other motor and pump operating 
alone could not maintain the level in 
the standpipe. As the level fell, the 
load on the second motor increased 
until the overload protection tripped 
this motor and shut down the sys- 
tem entirely. Such conditions must 
be forecast and provided against. 

The load of a centrifugal pump 
varies rapidly with change in speed. 
For this reason any condition which 
may cause a speed increase may lead 
to overloading the motor. Such con- 
ditions might arise through high fre- 
quency or, with direct current, 
through variable voltage or through 
motor speed above rating. Pumps 
are commonly designed for full-load, 
induction-motor speeds. If a syn- 
chronous motor is used the fact that 
it will maintain synchronous speed 
should be considered. 
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Not infrequently it is essential 
that there be no interruption in the 
operation of pumps where continuity 
of water supply is of vital im- 
portance. Electric drive is some- 
times viewed with askance in such 
cases. If sole dependence is placed 
on motors every precaution should 
be taken to protect the source of 
power and to prevent motor and con- 
trol faults. In such cases oversize 
motors may be warranted to enable 
pumps to “hang on” during periods 
of low voltage. An induction motor 
will develop approximately one- 
quarter of its pull-out torque at half 
voltage. The usual motor, having a 
pull-out torque of 250 to 300 per 
cent, will develop full-load torque 
down to about 60 per cent voltage. 
Where under-voltage release or pro- 
tection is included in the control a 
time-delay feature may be desirable 
to avoid shutting down the pump in 
the event of momentary voltage 
drop. Not infrequently the under- 
voltage protection is omitted alto- 
gether. Likewise it is not uncommon 
practice to omit overload protection 
in favor of differential protection to 
prevent shutdowns for causes other 
than faults in the motor, or leads. 


Figs. 8 and 9—Remote-control, 
high-voltage starters for squirrel- 
cage and wound-rotor motors. 


Fig. 8, left, shows an installation of 
Electric Controller & Mfg. Co. high- 
voltage compensators controlling two 
30-hp., 2,200-volt squirrel-cage motors 
driving centrifugal pumps used for fire 
service at the plant of the Ohio Seam- 
less Tube Co., Shelby, O. Fig. 9, 
right, shows the complete control for 

two Allis-Chalmers wound-rotor motors 
driving centrifugal pumps furnishing 
the water supply for a large steel mill. 
The motors are rated at 700 hp., 6,600 
volts, three phase, 60 cycles and are 
controlled by Cutler-Hammer remote- 
control panels. 
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Where undervoltage protection is 
omitted the motor and control should 
be adapted for automatic restarting. 
Squirrel cage motors with double 
cage winding for full-voltage start- 
ing are particularly suited for this 
function. Other types of motors can 
be readily arranged for automatic 
restarting, particularly if they are 
equipped with full magnetic control. 
Automatic restarting is considered 
highly desirable in some cases. 


STARTING REQUIREMENTS OF EACH 
TYPE OF PUMP 


A reciprocating pump, in starting 
from rest while connected to the sys- 
tem, creates a severe starting con- 
dition. Due to the sliding pistons 
or plungers and tight stuffing boxes 
the static friction of the reciprocat- 
ing pump is high. In addition, the 
positive displacement characteristic 
requires the development of full 
pumping torque throughout the ac- 
celeration period. If a flywheel is 
used this adds to the starting re- 
quirements. The initial torque of a 
reciprocating pump may be 125 per 
cent to 250 per cent of full-load 
torque. Fig. 5 shows an application 
of a magnetic clutch so as to permit 
the use of a synchronous motor on a 
reciprocating pump drive. 

The rotary pump differs materially 
from the reciprocating pump in 
starting characteristics. Due to the 
absence of tight-fitting parts the 
static friction is less and the “break- 
away” torque is lower, being on the 
order of 30 to 60 per cent of nor- 
mal full-load torque. As the full 
pumping torque is immediately de- 
manded, however, the starting duty 
is not light. It is preferable to un- 
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load the pump during the starting 
interval, by-passing the cylinders so 
that the water is merely circulated 
against the head. 

Generally speaking, the only load 
in starting a centrifugal pump from 
rest is due to the bearing friction 
and pump inertia; both are rela- 
tively small items. As the speed in- 
creases the load increases about as 
the cube of the speed. If the pump 
is started with the discharge valve 
closed, the load increases as above, 
up to the full-speed, shut-off load. 

If the pump is started with the 
discharge valve open, the load in- 
creases about as the cube of the 
speed up to full-speed, full discharge 
value for the then existing head. If 
the head on a centrifugal pump is 
largely static head the pump will not 
start delivery until well up to speed 
so that the starting conditions will 
be relatively favorable. If the head 
is largely friction head, as in dredg- 
ing work, the pump will start to dis- 
charge at low speed and will acceler- 
ate under a relatively heavy load. It 
is desirable to start the larger cen- 
trifugal pumps with discharge valve 
closed so as to make starting easier. 


TYPE OF CONTROL REQUIRED BY 
PUMP MOTORS 


The form of control used for a 
pump motor varies with the type of 
motor used and the service condi- 
tions that have to be met. If the 
pump has to keep the level of a 
liquid between certain heights or be- 
tween certain pressures, automatic 
control must be specified, and should 
be used in connection with float 
switches or pressure regulators. On 
the other hand if the pump is started 
infrequently and particularly in the 
smaller capacities manual control 
will fill the requirements. 

Controllers for squirrel-cage mo- 


INDUSTRIAL ENGINEER 


Figs. 10 and 11—Motors driving 
centrifugal pumps are nearly 
always direct - connected, usually 
through a flexible coupling. 


Fig. 10, left, shows a 300-hp., 190- 
r.p.m. motor connected by means of a 
B flexible coupling to a dry dock 

ump of the Baltimore Dry Dock & 
Shipbuilding Co., Baltimore, Md. Fig 
11, at the right, shows a Francke flex. 
ible coupling connecting a 450-hp. 
motor to the pinion shaft of a Scranton 
reciprocating pump. 


tors on pump service may be of the 
compensator type, the primary- 
resistance type or, particularly on 
the smallest sizes, the across-the-line 
type. The compensator and primary- 
resistance types are made both for 
manual operation or for remote con- 
trol, push-button operation. Fig. 8 
shows an automatic compensator. 
The across-the-line type starter may 
be a manually- operated enclosed 
switch or an arrangement using a 
magnetic contactor. 

Wound- rotor motors use a com- 
bination of a line switch or contactor 
and an arrangement for cutting out 
the resistance in series with the mo- 
tor secondary. This control may be 
made up in the form of a manually- 
operated switch and drum controller 
or may be arranged with contactors 
mounted on a panel for remote con- 
trol. Both of these types are illus- 
trated in Fig. 6. The automatic type 
is also shown in Fig. 9. For con- 
stant-speed service, automatic con- 
trol is usually preferred. If variable 
speed is desired, the drum controller 
is usually specified, although the 
same results can be obtained with 
automatic contro] by using a multi- 
point master switch. 

Synchronous motors are commonly 
supplied with reduced voltage for 
starting by means of an auto-trans- 
former or taps from the transformer 
supplying the power to the motor. In 
addition to this, control for the d.c. 
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field excitation in the form of a 


. rheostat and field discharge switch 


must also be provided. Meters giv- 
ing the field current, power factor, 
and load current are also desirable. 
This control may be made up in the 
manual form as shown in Fig. 5 or 
may be entirely automatic as shown 
in Fig. 1. 

Brush-shifting, alternating-current 
motors require only some form of 
line switch with overload protection 
and a mechanical means for shifting 
the brushes. This may be a hand- 
wheel, a shipper rod, or a small pilot 
motor controlled by push buttons. 

Direct-current motors require a 
line switch and an arrangement for 
cutting out the starting resistance. 
They may be either manually op- 
erated or remote controlled. If ad- 
justable speed is desired, a rheostat 
for regulating the shunt-field current 
is required. 

Motors driving centrifugal pumps 
are nearly always direct-connected, 
usually through a flexible coupling, 
as shown in Fig. 10. Motors driving 
reciprocating pumps are generally 
geared through a single reduction to 
a crank shaft, as shown in Figs. 5 
and 11. Instead of using a geared 
reduction, a silent chain belt is 
sometimes used. 

Vertical motors are in common 
use with some types of pumps. They 
permit locating the pump at any 
depth below the motor. This may re- 
duce or eliminate the suction lift and 
keeps the motor high and dry. The 
upper thrust bearing of the motor 
may be arranged to carry the entire 


_weight on the vertical shaft if de- 


sired. If this is not done the motor 
drives through a flexible coupling. 
Vertical motors are available in 
squirrel-cage and wound-rotor types, 
and also in synchronous, brush-shift- 
ing and direct-current designs. 
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Some practical pointers on 


Laying Out and Connecting 
A Pyramidal Winding 
as used in three-phase induction motors, together 


with details of how to convert it to a two-layer 
diamond coil winding if necessary 


By A. C. ROE 
and 
D. H. BRAYMER 


Consulting Editor, Industrial Engineer 


N THIS article details are given 
1. aid the repair shop in laying 

out and connecting the pyramidal 
winding using form-wound coils. 
From Fig. 1 it will be noticed that the 
coils are arranged in three layers 
and that the winding resembles the 
concentric chain type of winding 
with the exception that the coils in 
each group are alike. b 

One advantage of this winding is 
that the pole-phase groups of coils 
are all alike in size and turns so that 
they can be wound as a unit on a 
gang mold. This saves considerable 
connecting time, as the soldering of 
connections between the individual 
coils in all the pole-phase groups is 
eliminated. The only leads from 
any group are the starting and 
the finishing leads. The number of 
coils per group determines the num- 
ber of different sizes of molds or 
center blocks required for winding 
the coils. 

A pole-phase group of form- wound 
‘pyramidal coils is shown in Fig. 2. 
The group in this case consists of 
two coils, the outside coil having one- 
half as many turns as the inside coil. 
This is due to the method of over- 
lapping the pole-phase groups as will 
be explained later on. This type of 
winding is practically a combination 
of the basket and concentric chain 
types. The lower layers must be 
shaped as the coils leave the slots 
to allow the succeeding layers to 
clear the coil ends. The top or last 
layer, however, requires very little 
shaping. i 

This type of winding also has the 
advantage of requiring fewer coils 
to be handled than in the case of 
the two-layer diamond type. Com- 
binations of poles, phases, and 
total number of slots are possible 
that result in a whole number of 
coils per pole per phase. The total 


number of coils required is one-half 
the number of slots. Where this 
combination results in a mixed num- 
ber, as 13 coils per pole per phase, 
the total number of coils will be 
greater than one-half the number of 
slots. Examples of this will be given 
later. It is the number of poles, 
phases and slots combined that 
determines whether the pyramidal 
type of winding can be used, or 
whether a straight basket or two- 
layer lap winding will have to be 
used. 

The long coil pitch necessary 
for two-pole motors, and other con- 
struction details, prevent the use of 
pyramidal type coils since the end 
windings would pile up. Anyone 
who has wound one of the old type 
Westinghouse CCL two-pole motors 
will understand why a two-layer 
winding is the best to use for two- 
pole motors, either two or three 
phase. 

Other advantages claimed for the 
pyramidal winding are that ventila- 
tion is better as the coils are not 
nested together. Also, it is easier to 
locate and repair shorts, opens or 
grounds and a better opportunity is 
afforded to thread in a coil than 


Fig. 1—-How an induction motor 
stator looks when wound with form- 
wound pyramidal coils. 


This is a ans 60-cycle, three-phase 
squirrel-cage induction motor stator 
paving 36 slots and using 24 pyramidal 
coils. 
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ALTHOUGH largely used by 
only one  nationally-known 
manufacturer of motors, the 
pyramidal type of winding is 
now frequently encountered 
by repair men who have little 
data on its construction and 
method of connection. The 
details given in this article 
will be of help in laying out 
this type of winding and thus 
make it unnecessary to use 
an equivalent two-layer dia- 
mond ‘coil winding. Com- 
parative details are given, 
however, for both windings 
so as to avoid mistakes when 
the pyramidal winding is 
used or converted to the two- 
layer winding. The pyra- 
midal winding is not difficult 
to handle or understand and 
it is claimed that it aids ven- 
tilation and is an easy wind- 
ing in which to locate shorts 
or opens. 


is given in the case of the basket 
winding. 

The practical range of slots used 
in this type of winding is from 32 
to 96. Thirty-two slots are used 
for four-pole, two-phase motors and 
the 96 slots for sixteen-pole, three- 
phase motors having 48 coils or one 
coil per pole per phase. 

Table No. I gives type numbers of 
Century motors using pyramidal 
coils in four-pole, three-phase de- 
signs. This table gives the total 
number of slots and coils, the coils 
per pole per phase and also the 
maximum number of teeth spanned 
by the longest coil. 

The winding shown in Fig. 1 is 
first on the list in Table I. This 
winding has 36 slots and 24 coils 
or 14 coils per pole per phase. This 
is figured as follows: for 36 slots 
and four poles, 36 —— 4 = 9 slots per 
pole. Since this is a three-phase 
motor, 9 — 3 = 3 slots per pole per 
phase. In any one-coil-per-slot wind- 
ing, the number of coils per pole per 
phase is equal to one-half the slots 
per pole per phase. In this case 
3 — 2 = 13 coils per pole per phase. 

The total number of coils required 
equals the number of phases times 
number poles times coils per pole per 
phase. Then 3 X 4 X 14 = 18. 
This would actually result in 18 full 
coils, but where we have 13 coils 
per pole per phase, we will also have 
an overlapping of coils. Thus, there 
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will be a number of coils with half 
.as many turns as there are total 
turns per slot. 

The number of half-coils is equal 
to the number of pole-phase groups, 
or in this case, 12. The number of 
full-turn coils is also equal to the 
number of pole-phase groups. We 
will then have 12 full-turn coils and 
12 half-turn coils. To prove this, 
assume that there are 30 turns per 
slot. Then 12 X 30 = 360 turns for 
‘the full-turn and 12 X 15 = 180 for 
the twelve half-turn coils, or a total 
of 540 turns, and 540 — 30 = 18, 
‘which is the number of full-turn 
-coils found by the formula given 
-above. 

The method of arranging the coils 
-on the stator for 14 coils per pole 
per phase is interesting. There are 
two ways of winding the 36-slot, 
four-pole, three-phase stator with 
24 coils. The method shown in 
Fig. 1 will be explained first. As 
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Fig. 2—A pole-phase group of form- 
wound pyramidal coils. 


The outside coil has one-half as many 
turns as the inside coil. 


can be seen in Fig. 1, the inside coil 
spans six slots, or its pitch is l-and-7 
which leaves five empty slots between 
its sides. The outside coil pitch is 
l-and-9, or it spans eight slots. 

In a chain winding the number of 
slots spanned by the inside coil de- 
pends on the slots per pole per phase, 


: Tables I, II and III— Details of Pyramidal-Type 
i Windings Used in Century Motors 


Max. 
Table I—Motor Type, Teeth | Coils per | Number | Number 
3-Phase, 4-Pole Embraced| Phase Slots Coils 
per Pole 

SCI —SCILAS III. 9 1} 36 24 
SCI#-SC3 TAS 9 14 36 24 
AS6B-SC4 —AS5B................. 9 1} 36 24 
AS6C-SC5 OAS i 9 1} 36 24 
SC8B-SC8 —AS8................... 11 2 48 24 
SCI3 WASI U ̃ U ᷣ1 11 2 48 24 
SCiSASIS ( (LLg fUũů Uw .. 11 2 48 24 
SCN --AS19 A818 Ü—U—ͥm—m̃ 17 3 72 36 
A825 17 3 72 36 
„ ke Oe 17 3 72 36 
ASS Shiite tserie eae 17 3 72 36 
AS40000 17 3 72 36 

Table II- Motor Type, 

3-Phase, 6 Pole 

SCI-SCIL-SCI4B-SCIB............ 5 1 36 18 
SC3-SC4 -SC5 —-AS3.............. 5 l 36 18 
i AS6B-AS6C AS 5 1 36 18 
SC8B-SC8 LAS 5 l 36 18 
' SC13 ASI. 9 14 48 . 
SC15 SI 9 14 48 s 
' SC19-AS19 —AS18............. 11 2 72 36 
AS26L~AS25L........... 11 2 72 36 
l AS30 ee 11 2 72 36 
S ³· a 11 2 72 36 
A840 11 2 72 36 

i Table 3—Motor Type, 

f 3-Phase, 8-Pole 

SCI} -SC3 -AS5SB-AS6B.......... 5 1 48 24 
„| SC4 -SC5 -AS6 -AS6C.......... 5 1 48 24 
SC8B-SC8 AS .. 5 1 48 24 
SC13 -AS13.. 5 1 48 24 
a -AS15.. 5 1 48 24 
C19 -AS19 -AS18.. 9 1} 72 48 
AS26L-AS25L.. 9 1} 72 48 
AS30... 9 1} 72 48 
i AS35... 9 14 72 48 
| AS40 9 1} 72 48 


* Basket winding used. 
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but in this type of winding the ratio 
of slots to coils determines the slots 
spanned and the overlap; or the 
number of slots minus the total num- 
ber of coils equals the number of 
points of overlap. In the above case 
36 — 24 = 12, and since this is 
one-third the total number of slots, 
the overlap points will be spaced 
every third slot or slots 1, 4, 7, ete. 

To get the equivalent of 14 coils 
per pole per phase, we can space the 
coil sides in four slots and allow the 
phase belts to overlap, or we can 
space the coil sides in three slots per 
pair of pole-phase groups and over- 
lap the outside coils of like pole- 
phase groups. Fig. 1 shows the pair 
of pole-phase groups spread over 
four slots. With this method the 
inside coils overlap; hence the inside 
coils should only have half as many 
turns as the outside coils. 

To start the winding, select a point 
on the stator that will bring the leads 
out to the best advantage and put in 
one pole-phase group. The inside 
coil in slots 8 and 9 of Fig. 3 and 
the outside coil of group 1 in Fig. 3 
are in slots 2 and 10. The next 
group, No. 2 of Fig. 3 is put in slots 
11 and 19, and 12 and 18; the third 
group is in slots 20 and 28, and 21 
and 27, and the fourth group of the 
bottom or A-phase layer is put in 
slots 29 and 1, and 30 and 86. The 
bottom layer now consists of eight 
coils in four groups and 16 slots. 
Since the inside coils are half-coils, 
we have eight full slots and eight 
half-full slots. The full slots are 
adjacent in groups of two, as slots 
1 and 2, 10 and 11, 19 and 20, and 
28 and 29. The slots on either side 
of, and adjacent to, these are half 
full. 

The second or B-phase layer starts 
in a half-full slot, or the inside coil 
of group 5 starts in slot 9, the 
other side being placed in slot 15. 
The outside coil of group 5 is put in 
slots 8 and 16. The next group, 6, 
is put in slots 17 and 25, and 18 
and 24. Group 7 is in slots 26 and 
34, and 27 and 88, and group 8, 
which is the last group of the sec- 
ond or B layer, is in slots 85 and 7, 
and 36 and 6. With these two layers 
in place, slots 1, 2, 7, 8, 10, 11, 16, 
17, 19, 20, 25, 26, 28, 29, 84 and 85 
are filled with full-turn coils. 

Slots 9, 18, 27 and 86 are also filled 
by the overlapping of the half-turn 
inside coils of the A- and B-phase 
layers. Slots 3, 6, 12, 15, 21, 24, 
80 and 33 are half full, and slots 
4, 5, 18, 14, 22, 28, 81 and 82 are 
empty and these slots locate the out- 
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side coil sides of the third or C-phase 
layer. The outside coil of group 9 
is put in slots 5 and 13, and the 
inside coil in slots 6 and 12. Group 
10 is in slots 14 and 22, and 15 
and 21; group 11 is in slots 23 and 
81, and 24 and 30. The twelfth and 
last group is in slots 32 and 4, and 
33 and 3. 

The 24 coils and 12 groups are 
now all in place and the letters at 
the bottom of Fig. 3 show the ar- 
rangement of the phases. For ex- 
ample, slots 1 and 2 are used totally 
by A-phase coils, while in slot 3 the 
coil in the bottom of the slot is from 
the A phase and the top half from 
the C phase or the C and A phase 
belts overlap in this slot. The phase 
belts also overlap in slots 6, 9, 12, 
13, 18, 21, 24, 27, 80, 83 and 36, 
and the letter in the bottom indicates 
the position of the coil in each slot. 

The one advantage of this arrange- 
ment of coils for 14 coils per pole 
per phase is that for machines hav- 
ing a small number of poles, such as 
four, the coil pitch is shorter and 
thus less copper is used. 

Figs. 4, 5 and 6 show the type 
of winding and connecting diagram 
that can be used to convey the 
necessary information for winding 
and connecting these motors. The 
vertical and horizontal lines will aid 
in locating the slots with reference 
to the line lead position. This di- 
agram locates the pole-phase groups 
with reference to center lines. It 
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Fig. 3—Layout of a pyramidal wind- 
ing for a four-pole, three-phase 
stator having 36 slots and 24 coils 
with 12 full-turn inside coils and 12 
half-turn outside coils, or 14 coils 
per pole per phase, with short coil 
pitch. 


also gives the proper coil pitches and 
the arrangement per pole per phase. 
This type of diagram can be used 
for any four-pole, three-phase, 36- 
slot stator with 14 coils per pole per 
phase with short coil pitch, regard- 
less of the turns per coil and the size 
of wire. 

In these diagrams the two-in-and- 
one-out arrow check can be used. A 
separate diagram is used (Figs. 4, 
5 and 6) to show each phase layout; 


the letters A indicate the line leads, 


as T, (Fig. 4), T, (Fig. 5), T 
(Fig. 6). D is the star connection; 
B indicates the end of the first series 
of groups of coils equal to one-half 
the total groups per phase. C in- 
dicates the start of the second series 
of groups. These notations can be 
used to give instructions for a two- 
parallel star connection. The sketches 
in Figs. 4, 5 and 6 show a series-star 
connection. To change to two-paral- 


Figs. 4, 5 and 6—Winding and con- 
necting diagrams for each phase of 
a four-pole, three-phase stator with 
36 slots. 

These diagrams locate the le-phase 
groups with reference to the center 
lines and give the proper coil pitches 


and arrangements per a pole per phase. 
Short coil pitch is 8 
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lel star, open the jumper B-C and 
connect the B end to the star or D 
and the C end to A. Repeat this 
for each phase. 

Studying Figs. 3, 4, 5 and 6 it 
will be found that the inside or small 
coils overlap in slots 8, 6, 9, 12, etc., 
and that the mechanical arrangement 
of the coils is in four slots per pole 
per phase. Also, due to the overlap, 
the electrical arrangement is equal 
to 14 coils per pole per phase. These 
sketches will also show that with 13 
coils per pole per phase and short 
coil pitch all inside coils must have 
half as many turns as the outside 
coils. 

The dotted line z-z in Fig. 3 
shows how this type of winding gets 
the name pyramidal. Also Fig. 1 
shows how the coils are arranged in 
pyramidal form, or are wound on 
the stator in three layers or ranges. 

Figs. 7, 8, 9 and 10 show the long 
coil pitch method of winding the 
four-pole, three-phase, 36-slot, 24- 
coil stator with 14 coils per pole per 
phase. This method results in a 
balanced arrangement, both electri- 
cally and mechanically, of three slots 
per pole per phase and 1% coils per 
pole per phase without the over- 
lapping of phase belts. 

With this arrangement the outer 
coils all have half as many turns as 
the inner or small coils. The inner 
coils span seven slots or the pitch is 
l-and-8. The pitch of the outer coil 
is 1-and-10, or nine slots are spanned. 
The span of the small coil leaves six 
unused slots between the coil sides. 
The span of the large or outer coil 
results in these coils overlapping but 
only adjacent groups of the same 
phase overlap. 

In Fig. 7 the first coil of group 1 
is put in slots 1 and 8, and the next 
coil in slots 86 and 9. These last two 
slots are only half full after putting 
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in the second coil. Next, the inner 
coil of group 2 is put in slots 10 and 
17, filling both. The outer coil of 
group 2 is put in slots 9 and 18, 
filling slot 9 and half filling slot 18. 
Next, the inner coil of group $ is 
put in slots 19 and 26 filling both, 
and the outer coil of group $ is put 
in slots 18 and 27, resulting in slot 
18 being full and slot 27 half full. 
The inner coil of group 4 is started 
in slots 28 and $5; then the outer 
coil of group 4 is put in slots 27 and 
86, both of which were half full. 
Thus the last coil of group 4 fills 
slots 27 and 86 and ends the first or 
A-phase layer of coils, filling slots 
85-86-1, 8-9-10, 17-18-19 and 26-27-28. 

The second or B-phase layer is 
started by putting the inner coil of 
group 5 in slots 4 and 11, filling 
these, and the outer coil in slots 8 
and 12, half filling these. Next, the 
inner coil of group 6 is put in slots 
13 and 20, filling both, and the outer 
coil in slots 12 and 21, filling slot 12 
since the outer coil of group 5 and 6 
overlaps in this slot and slot 21 is 
half full. Next the inner coil of 
group 7 is put in slots 22 and 29, 
filling both, and the outer coil in 
slots 21 and 80. Slot 21 is now 
filled and slot 80 half filled. The 
inner coil of group 8 is then put 
in slots $1 and 2, filling both, while 
the outer coil of group 8 goes in 
slots 30 and 8, overlapping the outer 
coils of groups 5 and 7, thus filling 
slots 30 and 3 and ending the second 
or B-phase layer. 

We now have 16 coils in place in 
two layers, with slots 8-9-10-11-12-18, 
17-18-19-20-21-22, 26-27-28-29-80-31 
and 85-86-1-2-8-4 all filled, and slots 
5-6-7, 14-15-16, 28-24-25 and 32-83-34 
empty. These slots are used for the 
third or C-phase layer which starts 
with the inner coil of group 9 in 
slots 16 and 28, filling both, and the 
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Fig. 7— Layout of pyramidal wind- 
ing for same stator as in Fig. 3, 
using long coil pitch without over- 
lapping of phase belts. 


outer coil in slots 15 and 24, leaving 
both half filled. The inner coil of 
group 10 is put in slots 25 and 82, 
filling them, and the outer coil in 
slots 24 and 33, filling slot 24 by 
the overlapping of the outer coils 
of groups 9 and 10. Slot 33 is now 
half full. Next the inner coil of 
group 11 is placed in slots 34 and 5, 
filling both, and the outer coil is 
put in slots 33 and 6, filling slot 6. 
The inner coil of group 12 goes in 
slots 7 and 14, filling both, and the 
outer coils in slots 6 and 15. This 
ends the third layer and the winding, 
by filling these last two slots, or 
the last coil in overlaps the outer 
coils of groups 9 and 11. 

The horizontal row of letters A, 
B and C at the bottom of Fig. 7 
shows the arrrangement of the phase 
belts and also indicates how the half- 
turn outer coils overlap. Figs. 8, 
9 and 10 give a connecting and coil 
layout diagram for each phase. 

This long-pitch method is easier to 
apply than the short pitch and the 
winding is also easier to insulate, 
as the pole-phase groups do not over- 
lap in the slot sections. 


Figs. 8, 9 and 10—Winding and con- 
necting diagrams for each phase of 
the winding shown in Fig. 7 


The ends of all coils in pyramidal- 
type windings should be taped with one 
layer of half-lapped treated cloth and 
one layer of half-lapped cotton tape 
and the complete winding preheated, 
dipped and baked. Single or double- 
cotton-covered and enameled wire 
can be used for the coils. 

In Fig. 11, A, B, C and D show 
the winding and connecting di- 
agrams for a four-pole, three-phase, 
48-slot stator having 24 coils, or two 
coils per pole per phase and four 
slots per pole per phase. Diagram A 
in Fig. 11 shows that the first group 
of phase 1 or A starts with the 
inner coil in slots 2 and 11, and the 
outer coil in slots 1 and 12. All four 
slots are filled, as with a whole num- 
ber 2, 3, 4, etc., of coils per pole per 
phase, each coil of the group has the 
same number of turns and the pole- 
phase groups do not overlap. A 
study of diagrams A, B, C and D in 
Fig. 11 will show how the coils are 
wound in place and connected up. 

Table I also shows a 72-slot, four- 
pole, three-phase, motor frame. This 
will have 36 full-turn coils arranged 
in pole-phase groups of three, or 
there will be 12 groups, three coils 
per pole per phase and six slots per 
pole per phase. The pole- phase 
groups will not overlap, the coil 
pitches being l-and-18 for the out- 
side coils, l-and-16 for the middle 
coils, and l-and-14 for the inside or 
small coil. There must be 12 unused 
slots between the coil sides of the 
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Table IV—Coil Pitches for Two-Layer Diamond Coil 
Winding Corresponding to Pyramidal Winding 


Poles Slots Coils 


* Short coil pitch winding. 
** Long coil pitch winding. 


inner or small coil of each pole-phase 
group. 

Table II gives the number of slots, 
total number of coils, etc., and the 
arrangement of coils for six-pole, 
three-phase windings. For 48 slots 
and six poles, three phase, the wind- 
ing will be of the basket type, with 
odd grouping. With 72 slots, six 
poles, three phase, there will be 36 
full-turn coils, arranged in 18 groups 
of two coils per group. The inside 
coil pitch will be 1l-and-10 and the 
outside coil pitch 1l-and-12. 

Table III shows the number of 
slots, coils and the arrangement for 
eight-pole, three-phase stators. The 
48-slot, 24 full-turn coil, eight-pole 
winding has 24 groups, with one 
coil per group. The 72-slot, eight- 
pole, three-phase winding will have 
48 coils arranged in 24 groups of 
two coils per group, with the inside 
or outside coils overlapping as in 
the 36-slot, 24-coil, four-pole, three- 
phase winding already described and 
shown in Figs. 3 to 10. 

For those who want to change the 
pyramidal to the more familiar two- 
layer diamond coil type of winding, 
the following data will give the cor- 
rect turns per phase, pitch, etc., to 
be secured from the old winding. 

The first step is to count the total 
number of slots in the stator and 
the total number of coils in the old 
winding. Then when stripping the 
stator, check the number of turns 
per coil, or the number of turns per 
slot. The object is to find the total 
number of turns in the complete 
winding. Care must be taken not to 
count wires in parallel as turns. For 
example, if each coil is.wound with 
24 turns of two wires in parallel, 
there will be 48 wires per coil. The 
best method is to count the total 
number of wires per coil or slot and 
divide this by the number of wires 
in parallel per coil. This will give 


Coil Pitch Average Pitch 


1-16 1-18 
1-12 
1-9* 


the turns per coil. At the same time 


‘check the pitch of the coils, inner, 


middle and outer, and put this down 
as l-and-10, 1-and-13, etc. 

Total turns per motor are equal 
to one-half the number of slots times 
the turns per slot, or the number 
of coils times the turns per coil. For 
the two-layer winding there will be 
as many coils as slots and the turns 
per coil are equal to the total turns 
per motor in the old winding divided 
by the number of slots. 


Fig. 11—Winding and connecting 
diagrams for a four-pole, three- 
phase stator having 48 slots and 24 
coils or two coils per pole per phase 
and four slots per pole per phase. 
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The coil pitch for the new winding 
will be the average pitch of the old 
winding and is found by expressing 
the pitch in slots spanned by each coil 
in the group, adding the pitches of 
all coils in one pole-phase group and 
dividing the total by the number of 
coils per group. This has been done 
in Table IV. 

The following example will ex- 
plain how this is done. Consider 
the 72-slot, 36-coil, three-phase, four- 
pole winding. This has three coils 
per pole-phase group, the pitch of 
the inner coil being 1-and-14, or 13 
slots spanned; the middle coil pitch 
is 1-and-16, or 15 slots spanned, and 
the outer coil pitch is l-and-18, or 
17 slots spanned. Then 13 -+- 15 + 
17 = 45 and since there are three 
coils per group, the average pitch 
in slots spanned is 45 — 3 = 15, 
or l-and-16 will be the coil pitch of 
the two-layer winding. The size of 
wire should be kept the same for both 


‚windings. 


Operating conditions will deter- 
mine whether all the coil ends of the 
two-layer winding need to be taped. 
If all coils are taped, a single half- 
lapped layer of cotton tape on each 
coil end will be sufficient. Treated 
cloth tape is not necessary with the 
two-layer winding since the dif- 
ference of potential between adjacent 
coils is lower, being approximately 
one-half that of the old type. 
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We Do Not 
Read Enough or 
Well Enough 


Most of us have this fault 
which, along with some 
others of like nature, can 
be easily corrected 


HE other day I found the clip- 

ping shown on this page in a 
daily newspaper. It set me to think- 
ing. I wish you would read it and 
think a little, too, for this item con- 
tains wisdom of a rare sort. First 
of all, it comes from the pen of a 
young man, Glenn Frank, who has 
pulled himself up by his own efforts 
and mental ability to one of the 
highest positions in the educational 
world, that of President of the Uni- 
versity of Wisconsin. Already he is 
well known as a lecturer and writer, 
and crowds of men twice his age 
show him the respect that knowledge 
of a subject merits from any man. 

Glenn Frank calls attention among 
other things to the fact that we do 
not know enough, we do not think 
enough, or well enough, and we do 
not read enough, or well enough. 
This is certainly a bold comment, but 
it’s true and if you are honest with 
yourself you will admit it. Having 
admitted it, you have found the rea- 
son why you are just where you are, 
if you are not satisfied with your suc- 
cess, your salary, or your job. 

In the field of plant operation 
there is today a burning need for 
men who know much more than their 
fellow workmen; for men who pos- 
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| Seven Sage Counsels | 


By Glenn Frank | 


For years H. L. Mencken hag been flogging the south with his critical 
cat-o-nine-tails as the Sahara desert of liviug thought and the fine arts. 

If the south were as much a field of charred stubble as Mr. Mencken 
contends, even he would have to admit that many fresh sproutings of new 
vitality are thrusting thelr way up through the stubble. 

Thére has just come to my desk an intérestipg volume on The Ad- 
vancing South,” by Edward Mims. It presents a fascinating story of fresh 
stirrings in the church, in politics, in the press, in Uterature, and in edu- 
cation in the south. 

I have not yet read this volume carefully, but as 1 write, it lles before 
me and my eye lights upon a reference to one of South Carolina's con- 
taglously alive echolais—Howard w. Odum. 

Mr. Mims says of him: “Odum is as bad as Matthew Arnold in asking 
the most uncomfortable questions without necessarily answering them him 
self, but leaving the intelligent reader to give his own answers. 

Such minds are priceless, for, after all, it is not the business of a 
teacher to be comforting, but to be disturbing; it is not the business of a 
teacher to put something into his hearers’ heads, but to start something 
in thelr heads, 

In the spring of 1924, Mr. Odum made an audress at his alma mater. 
Emery university. He was speaking not to Georgia only, but to the whole 
south. He gave seven sage counsels. And I suggest that he might, with 
equal point, have addressed these seven counsels to the whole American 
people. Here they are: 

“We do not know enough, 

“We do not think enough or well enough. 

“We do not read enough or well enough. 

“We do not write enough or well enough. 

“We do not do enough or wel] enough. 

“We do not work together well enough.” 

“We talk too much.” 

The individual, the state, or the nation that does not take to heart 
these seven counsels will inevitably become the tool of “the demagogues 
and the dogmatists in politics and religion.” 

We must know more. There is enough knowledge lying unused in our 
laboratories and libraries and in the minds of the creative pioneers in 
politics, industry, religion, education, and science to lift the whole tone 
and temper of American life. It is the business of statesmanship, official 
and unofficial, to get this knowledge out into the open, thrust it Into the 
stream of common thought, and make it the basis of our common lite. 

We must think more and read more and learn better how to put {nto 
clear and simple speech the fruits of our thought and reading. Our scholars 
and writers can help us here. We must breed more scholars and writers who 
combine the burrowing qualities of the mole with the singing qualities of 
the lark, men who are masters alike of the science of research and the 
art of expression. Too much of our knowledge has not got beyond the 
stage of inarticulate accuracy, 

All seven of these counsels will repay careful pondering. 
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sess originality, initiative and think 
things out by themselves. Anybody 
can follow the crowd, imitate the 
other fellow, and through years of 
experience learn to do a first-class 
job; but the fellow who is a leader 
must be a thinker—as well as a doer. 
He must read and read, to advance 
his own thinking. 

When we started INDUSTRIAL 
ENGINEER more than four years 
ago the main editorial idea was to 
provide a paper for thinkers—plant 
operators who desire some day to be 
plant managers, if not plant owners. 


And this aim has never been aban- 


doned. This publication has helped 
operators to know more—they have 
not only told us so but they have 
demonstrated it by contributing to 
the discussions on plant problems 
that appear in each issue. And their 
names do not appear in one issue 
only—they continue to appear. They 


(Copyright for The Omaha Daty News.) 


are thinking more and better. They 
are reading more and better, and 
they are writing more and better. 
If they keep this up they are certain 
to know more and get a better job. 
If your name has not appeared in 
the pages of INDUSTRIAL ENGINEER 
and stamped you as a thinker, then 
it’s your own fault. The Question 
and Answer department invites you 
to take a hand in answering the 
problems that appear each month. 
How do you know but that your boss 
reads the answers to these questions, 
to locate a man for a good job he has 
in mind? Think a little right here 
and let us hear from you and put 
your name down in cold type as one 
who knows what he knows, but is 
ready to admit that he still does not 
know enough. Let’s create a “We 
Want to Know” club and use the 
Question and Answer section of 
INDUSTRIAL ENGINEER more fre- 
quently as the means for getting the 


answer. 
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G. A. VAN caus Managing Editor 


Electrical Accidents Cause Far More 
Than Their Share of Losses 


ROOF of the necessity of securing full co-operation 

between the electrical engineer and the safety engi- 
neer was given by Charles B. Scott, President of the 
National Safety Council at the annual convention of the 
Association of Iron & Steel Electrical Engineers held 
last month at Chicago. 


Mr. Scott said that from an analysis of some 12,000 , 


accidents occurring during a period of years among the 
50,000 employees coming under the supervision of the 
Bureau of Safety of which he is Director, only 8 per 
cent of the total accidents were caused by electric cur- 
rent. However, this 8 per cent of the total accidents 
was responsible for 75 per cent of the total accident 
costs, for slightly more than 75 per cent of the total 
lost time, and for 75 per cent of the fatalities that 
occurred as a result of accidents. 

These data show the importance of concentrating 
effort in reducing electrical hazards. This is being done 
in many plants. The next step is to secure better 
co-operation among the operating men and maintenance 
men connected with the operation of electrical equip- 
ment. Such co-operation can best be secured by careful 
selection of the men who are to do the work, careful 
instruction of the men on how the work is to be done 
and last, but most important, is constant, careful, and 
close supervision of the men in all matters regarding 
safe operation of the equipment they control. 


Let the Spirit of Competition 
Help to Set New Records 


HE desire to play, and to engage in friendly 

competition with our fellow men, is a very natural 
and deep-seated instinct whose value is greater than is 
oftentimes realized. For one thing, it induces us to 
seek that change of viewpoint and relaxation from our 
every-day work that keeps us interested and prevents 
us from going “stale” mentally. In keeping with this 
idea, we invent all sorts of games and contests and 
deliberately increase the difficulty of playing and win- 
ning them by imposing various rules which must be 
followed, even though there is no prize at stake. 

In reality the chief purpose of these rules is to lessen 
our chances of winning. To the average person there 
is no fun in winning too easily; most of us would rather 
play a game that makes us exert ourselves to the limit. 

This inherent love of a contest can be, and frequently 
is, utilized to good advantage in the conduct of busi- 
ness. It has been found times without number that 
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if two or more departments or groups of men can be 
induced to enter into competition with each other, the 
morale of the men is heightened at once and noticeable 
progress is made toward securing increased output, a 
reduction in the number of accidents, or whatever else 
may be desired. 

Naturally, any movement will be more successful if 
the men are given some incentive in the way of a bonus 
or reward, and this is usually necessary in order to 
sustain interest over a long period of time. Neverthe- 
less, surprising results can oftentimes be secured when 
no reward is at stake, merely by arousing the spirit of 
competition in some effective manner. 

Any executive who does not recognize and make use 
of this spirit in his men is overlooking a very potent 
force which may be a decisive factor in his own success, 
as well as that of his department. To arouse this force 
and keep it active calls for leadership and a keen sense 
of fair play which will see that honest effort is suitably 
recognized. Granting these qualifications, it is not a 
difficult matter to awaken in the personnel of any 
department, or of the entire plant, a friendly rivalry 
that may produce surprising results. 


Are You Taking Advantage of the Progress 
Made in Maintenance Practice? 


ee \NE of the most thriving industries in any country 

is thinking up reasons why a new thing can’t be 
done. That is the root of England’s economic difficulty 
today. They’ve kept the old equipment so long that they 
can neither pay wages nor make profits on their capital. 
The question is not how long you can keep a thing, 
but how quickly you can economically scrap it. That’s 
progress.” 

In these words, Owen D. Young, Chairman of the 
Board of Directors of the General Electric Co., states 
the necessity for progress. Such progress is, however, 
not confined to electrification of steam railroads, use of 
larger generating units in power houses, and similar 
large projects, but is also present in the commonplace 
but very essential work of maintaining equipment so as 
to keep it in continuous operation. 

For instance, a few years ago it was necessary to 
remove rivets with a sledge and cold chisel, and pieces 
of shafting were sawed in two with hacksaws before 
replacements or repairs could be made. The oxyacetylene 
torch, arc welder, electric drill, air hammer and other 
portable tools have changed this procedure and are 
earning big money for those who make use of them. 
Sparking of commutators was thought to be a necessary 
evil and commutators were greased, turned, and in gen- 
eral had a short life until the full realization of the 
necessity for proper application of brushes suited to 
the individual characteristics of the motor or generator. 
Many plants have found that ball and roller bearings 
are able to effect maintenance savings that make them 
a decidedly good investment. Improved lubrication by 
high-pressure systems, filtering forced feed systems, 
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and so on, are helping to increase the life of bearings. 
Last, but not least, is the change in policy of the main- 
tenance department. Instead of the “wait-until-it- 
breaks” attitude we find a fix-it-first“ policy in opera- 
tion, with the result that operating costs and delays are 
being reduced. 

Thinking of reasons why improved maintenance tools 
and methods are not required in a particular plant will 
never aid that plant to reduce its operating costs. Re- 
sults obtained in the more progressive plants point the 
way in scrapping obsolete maintenance equipment and 
methods. At least follow the leaders if you can’t set 
the pace. 


You Can Save Trouble Later On By 
Overhauling Equipment Now 


N MANY lines of industry there is a more or less 

definite slackening of production during the sum- 
mer months. This let-up affords an opportunity, which 
is taken advantage of in many industrial plants, to go 
over all of the equipment and make whatever repairs 
or replacements are necessary to put it in proper oper- 
ating condition. In too many cases, however, such work 
is done only on equipment that is obviously in need of 
repairs; if a piece of equipment does not show any 
defects on a casual inspection, it is given no further 
attention. 

This practice is all right as far as it goes, but it does 
not go far enough. The natural wear and tear of serv- 
ice give rise to many little weaknesses that are not 
always visible or easily detected, but which will eventu- 
ally lead to trouble if neglected. Bearings become 
worn, windings acquire a coating of oil and dirt, con- 
tacts on control equipment become rough and pitted, 
and so on through a long list of defects and abnormal 
conditions that develop in both the electrical and 
mechanical elements of power drives and should not be 
allowed to go uncorrected. | 

It is a good plan to give all power drive equipment a 
thorough overhauling at least once a year, and oftener 
if possible, or if the equipment is unusually important. 
Thus, motors should be taken down, the windings tested, 
cleaned and painted, bearings checked up and replaced 
if necessary, and everything put into perfect condi- 
tion. In the same way, control equipment and protec- 
tive devices should be carefully examined and tested. 
Periodic checking of lineshafts for alignment will often 
disclose conditions that should be remedied. Belt, chain 
and gear drives may likewise well come in for their 
share of attention, as they frequently do not receive 
the care that they need. Now is also a good time to 
make any necessary changes or additions to the plant 
lighting system. 

When properly scheduled and handled, the expense of 
overhauling equipment is not so great as it is some- 
times considered to be. In any event, it is an effective 
means of reducing repair costs and preventing produc- 
tion delays later on when equipment must be worked 
to the limit. 
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Supervision Is an Expenditure 
That Bears Watching 


R. GEORGE F. JOHNSON, President of Endicott- 

Johnson & Co., shoe manufacturers, commented in 
a recent article on the cost of supervision in manu- 
facturing plants and business operations in general, and 
stated that the most effective way to cut costs is through 
cutting down the cost of supervision. He was very 
blunt, in his remarks on this subject, in pointing out 
that the all-too-common belief is that if you put a man 
to work at a job, it is necessary to put another over 
him to see that he does it and then a third man to keep 
a record of what is done. The result of this, he thinks, 
is the growing of a race of workers who are afraid of 
responsibility and afraid of thinking out their own 
tasks, and want to be supervised and directed in the 
most minute detail. 

There is much truth in this opinion. Take responsi- 
bility for accuracy, results, or quantity of production, 
away from an individual and you have destroyed his 
initiative; and when initiative is destroyed individual 
thinking is replaced with mechanical movements which 
machines can perform with greater accuracy. In a 
plant where there is little opportunity for individual 
thinking, or a reward for it when it is of an unusual 
order, there is sure to be discontent; and there is no 
one thing that saps interest in what a man is doing like 
being unhappy at his work. Single out the men who 
whistle while they work and train these men for respon- 
sibility; more will come from your efforts than from 
twice as many men working in a disgruntled frame of 
mind. 

This is no pearl of wisdom: it is an observation that 
any one who understands himself knows to be a plain 
matter of fact. The hopes, desires and ambitions of 
a man who works with his hands are not so different in 
kind from those of the man who works with his brain. 
Unnecessary supervision and subjection to a set level 
of thinking established by such supervision not only 
kills initiative in men but invites them to repeatedly 
commit errors that may not be caught until much loss 
has resulted in waiting for the error to reach the inspec- 
tor or supervisor. Then to fire the man who committed 
the error is not the cure, for another man in the same 
position will soon, in all probability, fall into the same 
frame of mind toward his work. 

When more leaders of industry are forced to study 
their production costs down deeper than the cost figures 
furnished to them by their supervisors, then we will find 
a way out of the situation that now calls for such fre- 
quent reference to labor costs as being excessive. 
Efficiency forced by supervision calls for an expendi- 
ture that cannot long be passed on to the ultimate user 
of the product made, or the service used. If you are a 
supervisor of men think about this and study human 
nature as well as the mechanical problems with which 
you may be forced to deal. You will learn many things 
that you can use to good advantage. 
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Who Can Answer 
These? 


Changing Speed of Universal Motors — Is 
there et way that the speed of a uni- 
versal motor can be changed when re- 
winding? I shall greatly appreciate any 
information that readers can give me on 
this question. 

Los ‘Angeles, California. H. K. 


* W * 


Burned Spots on Collector Rings We are 
having considerable trouble from burned 
spots on the collector rings of the field 
of a 300-kva., three-phase, 240-volt, 25- 
cycle alternator. These spots are about 
the size of the brush faces and I am ata 
loss aS to what may cause them. Can 
any readers tell me causes for this 
trouble and also suggest remedies for it. 
I shall be grateful for any information 
that readers can give me. 

Petersburg, Va. J. W. 
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emoving Flange Couplings from Shaft— 
j Have any of our readers had experience 
in using an acetylene welding or cutting 
torch for heating and loosening soli 
flange couplings to facilitate their re- 
moval from shafts? If so, what type of 
fiame should be used? Also, may tight 
gears and solid-hub pulleys be removed 
in the same way? Is there any danger 
of warping or distortion, due to the 
heating, so that the gears or pulleys will 
not operate satisfactorily when replaced? 
Should there be any difference in the 
treatment of steel and cast-iron hubs? 
East St. Louis, III. M. M. 
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Substitute for Crane Collector Bars We 
are having considerable trouble with the 
collector bars on a floor-type charging 
crane used for charging skelp into a 
heating furnace. These collector bars 
are placed below the floor level and are 
ondhe by a collector rigging operating 
through a slot in the floor. e propose 
to do away with this method cause 
of maintenance troubles, and substitute a 
multi-conductor cable which will run 
from the crane to some fixed point 
nearby. Can some reader tell me how to 
rig up a device for retorns this cable 
so as to prevent it from being dragged 
over the floor or catching on objects 
placed on the floor? The total travel of 
the crane is about 25 ft. and the cable 
must not be carried higher than 10 ft. in 
the air for there are cranes working over- 
head that might interfere with the cable. 
Gary, Ind. F. U. 
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Cause of Heating of Fuse Studs What 
causes heating Of fuses and studs on our 
switchboard panel, which is built for 
three-phase, four-wire distribution? The 
studs and fuses, which are standard 
make and rated at 600 amp., heat to the 
danger point and three fuses have been 
blown at a load of only 400 amp. The 

anel on which the studs are mounted 
s of slate and the spacing and carrying 
capacity of studs and busbars is more 
than the Code requires. We have aligned 
the studs and fuses so closely that a piece 
of flat steel .001 in. in thickness cannot 
be pushed in at any point between the 


question that you can 
answer from your ex- 
perience. 


INDUSTRIAL ENGINEER 


ee A 
— — 


Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. 
you do a good turn to the other fellow when he asks a 
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Suspecting loose con- 
tacts to be causing the heat, we have 
used wood clamps on the fuses and clips 


clips and fuses. 


with no result. Reducing the load from 
400 amp. to 200 amp. does not lower the 
temperature to a point permitting the 
hand to be placed on the fuse clips. 
There are no iron washers on the studs 
and renewable fuses of standard and 
reliable manufacture are in use. The 
neutral fuse, however, does not heat. 
Our voltage is 220 volts across the phases 
and 127 volts from neutral to any phase. 
Can this heating be caused o7 mineral 
veins in the slate panel? It is impossible 
to feel any current in the slate by 
wetting the hands and placing them on 
the slate. The heated area does not 
extend back more than 10 in. from the 
fuse studs and does not reach the main 
bus which is composed of two 3-in. x 3-in. 


busbars. I shall appreciate your help on 
the problem. 


Elgin, Ill. A. B. A. 
; * „ „ * 


Testing Fuses to Prevent Motors Running 
Single-Phase—We have a large number 
of three-phase induction motors that are 
protected by individual fuses placed near 
each motor. Also, the different branch 
circuits feeding several motors are pro- 
tected by fuses. To insure that the 
motors do not operate single-phase, fre- 
quent tests are made of the fuses. Is it 
sufficient to test the fuses by temporarily 
connecting a lamp of suitable voltage 
across the ends of each individual fuse? 
Will a lamp test across the phase wires 
ahead of or after the fuses give a positive 
indication? Will connecting the lamp 
ahead of one fuse and behind the adjacent 
fuse give a reliable indication? I should 
like to have some of the readers discuss 
these questions for me and point out 
which is the best method to use for test- 
ing under the conditions described and 
also tell how to interpret the different 
indications obtained from the lamp. 
Newark, N. J. 
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Lightning Protection for Short Overhead 
Power Line.—We have a 3,300-volt two- 
phase, 25-cycle, 80-amp. transmission line 
running a distance of 1,080 meters from 
our substation to the mouth of our cop- 
per mine. At the shaft, this line is 
spliced to a lead-sheath cable which goes 
down the shaft a distance of 200 meters 
where it is connected to a switchboard 
that supplies other feeders radiating 
through the mine. The wire and cable 
used for this transmission line are No. 
00 B. & S. gage. The elevation of the 
country through which the line runs is 
approximately 4,100 meters above sea 
level. As the overhead line must have 
good lightning protection, I wish to in- 
stall choke colls and lightning arresters 
at both ends of the line, but I have heard 
that choke coils should not be installed in 
connection with lead-sheath cables. Why 
is this? Won't some reader tell me how 
to protect this overhead line against 
lightning? We now have an oxide film 
arrester at the substation and a com- 
pression chamber multi-gap arrester at 
the shaft mouth, where the overhead line 
is connected to the lead-sheath cable. Is 
this sufficient protection? Should I not 
use choke coils both at the mine mouth 
and at the substation? What lightning 
protection would readers recommend for 
this transmission line? 

Pulacayo, Bolivia. C. L. C. 


The only restriction is that 
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Answers Received 
To Questions Asked 


Method of Checking Bearing Alignment. 
I should like to know how to check the 
alignment of bearings on machines hav- 
ing three or more bearings supporting 
the same shaft, or where two shafts are 
coupled together by means of rigid cou- 
pungs. An example of this is a three- 

earing, motor-generator set or a large, 
heavy-duty motor or pump having a 
pedestal bearing in addition to two reg- 
ular bearings. I shall appreciate any 
suggestions that readers can give me for 
doing this work. 

Chicago, Ill. F. B. 


Referring to F. B.’s question regard- 
ing the checking of bearings, the fol- 
lowing suggestions are offered. As- 
suming that the motor bedplate is level, 
all that is required is a straight-edge 
and a level. If the shaft is reduced 
in diameter at either or both ends, the 
main bearings (those supporting the 
largest diameter of shaft) should be 
checked first. To do this, the bearing 
caps should be removed and the 
straight-edge and level placed in the 
bottom center of the bearing. If both 
pedestals are not level, one of them 
should be shimmed, providing the bed- 
plate does not require leveling. Next, 
check up the third pedestal; if the 
shaft is smaller in this bearing, the 
radius of both shaft sizes should be 
taken and the difference between them 
added to the height at which the 
pedestal should be set. The straight- 
edge should be placed in the main 
bearings and the distance measured to 
the bottom of the third bearing. 

A quicker method of checking the 
alignment is to use a plumb line 
through the centers of all the bearings, 
shimming each individual bearing 
until they have a common and level 
center. 

However, care must be taken in using 
this method, as it is very easy to shift 
the line. After all the bearings are 
lined up, the pedestals may be removed 
and the rotor put in place. The air- 
gap between the rotor and stator should 
then be checked with a feeler; if the 
rotor is not properly centered, the 
stator should be shimmed up or shims 
removed, as the case may be. The 
bearing pedestals should not be raised 
or lowered to center the rotor. After 
the motor is completely assembled, the 
shaft in each bearing should be checked 
with a shaft level before the bearing 
caps are replaced. 
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If the shaft is in two or more sec- 
tions and connected with either rigid 
or flexible couplings, the main section 
should be lined up first. This can be 
done by either a straight-edge or a 
dummy shaft. The next section of the 
shaft should then be put in and leveled 
tc the height of the first section, bring- 
ing the two halves of the coupling 
together, so that they are of the same 
height and the same distance apart 
on all sides. A feeler can be used to 
check this point. When both sections 
of the shaft are level and the two halves 
of the coupling butt perfectly, they 
may be bolted together without fear of 
springing the shaft. 

Electrical Engineer, H. E. STAFFORD. 


Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 


* * * * 


Is This Relay Connection Scheme Correct? 
I have a 300-hp., three-phase, 60-cycle 
induction motor that is star-connected 
to a 4,000-volt, four-wire, three-phase, 
power supply. Three 75-to-5 ratio cur- 
rent transformers are connected as shown 
in the diagram to the two trip coils on 
the circuit breaker for this motor. I be- 
lieve this connection scheme is incorrect. 
It looks like a delta connection, but has 
One current transformer reversed. I think 
that a “Z” connection of current trans- 
formers should be used, but that is not 
the case here. Will some reader show me 
how these current transformers should be 
connected to insure proper protection of 


Line ,.-<Polarity marks 


the motor, and also tell me the proper 
current setting of the trip-coil plunger, 
so as to trip at 125 per cent load on the 
motor? fFull-load rating of the motor 
is 39 amp. The trip coils referred to 
are solenoids located on the faceplate of 
the circuit breaker and have plungers 
operating directly on its trip latch. 

Waukegan, III. S. D. 


If S. D. H. will remove the left-hand 
trip coil from the line connecting to X, 
of transformer 4 and X. of trans- 
former C shown in his diagram and 
connect it in the line running from X. 
of transformers 4 and B, he will have 
a true “Z” connection. In other words 
the left-hand trip coil should be con- 
nected into the line that S. D. H. shows 
as the common wire in the diagram 
accompanying his question. 

The “Z” connection is an arrange- 
ment such that the resultant of two 
currents at 120 deg. will equal a third 
current which is the same as the cur- 
rent in the current transformer sec- 
ondaries, but has a different angular 
relation. For the case under consider- 
ation the setting of the trip coils should 
be 39 x 1.25 x (5 + 75) = 3.25 amp. 

C. OTTO VON DANNENBERG. 
Designing Engineer, 


General Engineering & Management Corp., 
New York, N. Y. 


zs M * * 


The best protection and the one most 
commonly used requires three trans- 
formers star-connected to three relays, 
but when two relays are used the “Z” 
connection serves the purpose very 
satisfactorily. A bad feature of the 
delta-connected job is that specially 
wound relays must be used, as the cur- 
rents in the relays with this connection 
are 1.73 times as great as that in the 
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This is a Zz“ connection of current 
transformers and relays as used on 
a three-phase, four-wire circuit. 


individual transformers, which is not 
true when the Zz“ connection is used. 

I would suggest putting in a third re- 
lay or using the “Z” connection shown 
in the accompanying diagram. With 
39 amp. as the full-load rating on the 
motor, 125 per cent rating would be 
48.75 amp., and with transformers hav- 
ing a ratio of 15:1 the secondary cur- 
rent would be 3.25 amp. I would sug- 
gest passing a current through the trip 
coil circuit, using an artificial load of 
3.25 amp. and adjusting the circuit 
breaker trips until they operate at this 
current. I would then consider that I 
was fully protected, providing the trip- 
ping mechanism is kept in good operat- 
ing condition. E. J. MORRISSEY. 
Chief Electrician, 


Western United Gas & Electric Co., 
Aurora, III 


+ + + * 

In reply to S. D. H.’s inquiry I 
wish to say that the scheme of con- 
nections accompanying his question is 
incorrect. With this arrangement, 
under balanced conditions, one trip 
coil carries 8.66 amp. when the other 
is carrying 5 amp. For correct opera- 
tion each trip coil should carry 5 amp. 
and a resultant current of 8.66 amp. 
should complete the circuit through the 
return wire. 

The correct connection for a “Z” ar- 
rangement of current transformers is 
indicated in the accompanying diagram. 
The direction of instantaneous current 
flow and related vector diagrams are 
also shown and should be practically 
self-explanatory. In all such vector 
solutions the relative direction of cur- 
rent flow must always be considered. 
Thus, if the current flow from left to 
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Vectorial relation of current in 
transformers and trip coils when 
“Z” connection is used. 
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right is taken as positive (as it is in 
this case), then whenever the polarities 
are reversed the current vector must 
be thought of as negative. This should 
explain the values equated for I., lj 
and I.. These three resultant currents 
as indicated in the vector at the right 
of the diagram will be found to balance 
out to zero and, therefore, serve as a 
check on the connections submitted in 
the diagram. 

The setting of the trip coils for 125 
per cent overload thus becomes a 
simple matter. The current taken at 


that load is about 50 amp., which gives 


about 4 amp. through each trip coil if 
the current transformer ratio is 75:5, 
and this should be the setting used. 
Starting conditions must also be taken 
into consideration as the initial current 
may exceed the 125 per cent setting of 
the trip coils, which would then be too 


low. HENRY B. HANSTEIN. 
Brooklyn, N. Y. 


+ kx k g 


The connection arrangement ‘of cur- 
rent transformers and trip coils shown 
by S. D. H. appears to have been in- 
tended for a “Z” connection and 
through some oversight one current 
transformer was connected reversed. 
Polarity marks, 


eA 


Line 


Interchanging the leads X. and 
X: on current transformer 4, as 
shown in this diagram will give a 
“Z” connection. 


The correct connections are shown 
above. As may be seen, the terminals 
of current transformer A are reversed 
so as to give a true “Z” connection. 

The rule for making the “Z” connec- 
tion is as follows: Connect two positive 
transformer terminals to the first trip 
coil terminal. Connect the negative 
terminals of the first and third trans- 
formers to the second trip coil ter- 
minal. Connect the remaining positive 
and negative transformer terminals to 
the common between the two trip coils. 
It will be seen that the connections 
shown in the accompanying diagram 
meet these conditions. 

The “Z” connection is to be preferred 
to the delta connection, for with the 
“Z” connection when there is an over- 
load in two lines, the current through 
the trip coil is the same as in the cur- 
rent transformers, whereas with the 
delta connection the current through 
the trip. coil with an overload in two 
lines is equal to the current in a trans- 


former times V3. In other words, 
should the current in the secondary of 
two current transformers of a delta- 
connected group reach the normal 5 
amp., the corresponding current in the 
trip coil would be 8.66 amp. Further- 
more, the “Z” connection gives better 
protection in the case of a short-circuit 
to neutral or ground in a three-phase, 
four-wire system than does the delta 
connection, which is another good rea- 
son for using it. 
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If the “Z” connection is used in the 
case under consideration, the setting of 
the trip coil plunger should be 3.25 
amp. to trip at 125 per cent load as may 
be seen from the following: 39 x 1.25 
X (6 + 75) = 3.25 amp. This is based 
on the assumption that the trip coil 
plunger is graduated in accordance 
with the current through its coil. 


FREDERICK KRUG. 
Supt. of Power Production, 
Porto Rico Railway Light & Power Co., 
San Juan, Porto Rico. 
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In reply to the question asked by S. 
D. H. if his relay connection diagram is 
correct, he does not show the type of 
relays used. 

If time-limit relays are not used, the 
protection will be very poor, as with 
the trip coils set to accommodate the 


To Mofor 
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„O circuit breaker 


A star connection of relays and 
current transformers may be used 
on a three-phase, four-wire system. 


usually large starting current, he will 
not have running protection unless a 
separate circuit breaker is used for 
starting. If a separate starting circuit 
breaker is used, it will not give the 
proper protection unless relays are 
used, as a sudden change in load may 
cause the circuit breaker to trip. This 
interruption may be unnecessary, as 
the overload may have disappeared 
almost immediately. 

The accompanying wiring diagram is 
for General Electric type PQ-3 in- 
verse-time-limit, circuit-opening, over- 
load relays. The inverse-time feature 
is used to prevent the circuit breaker 
from tripping during the starting 
period, or during momentary overloads. 
As the name of this relay states, the 
tripping time is inverse to the amount 
of overload, that is the greater the 
overload, the less the time required to 
operate the relay. Standard relays of 
this type are calibrated for 5, 8, 12 and 
15 amp. with a standard 5-amp coil 
which will carry 5 amp. continuously. 
This calibration represents the mini- 
mum amperes in the relay coil which 
will lift the plunger and open the relay 
contacts. 

As will be noticed, a star connection 
of current transformers, relays, and 
trip coils is used. It can be noticed 
from the wiring diagram that the 
opening of the relay contacts removes 
the shunt across the trip coils. This 
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allows the trip coils to be energized, 
which in turn trips the circuit breaker. 

In setting these relays I would ad- 
vise obtaining an operating curve from 
the manufacturer of the relays and set- 
ting them accordingly, the trip coils 
being set for a slightly smaller current 
than the relays, so that when relays 
operate, the circuit breaker will trip in- 
stantaneously. Much better protection 
could be had by the use of a separate 
direct-current trip circuit from a stor- 
age battery having a potential of about 
100 to 125 volts, but I do not believe 
your case would warrant the additional 


expense. R..H. FINCH. 
Chief Electrician, 

Blair Limestone Company, 

Martinsburg, W. Va. 
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In reply to S. D. H., the following is 
submitted for his consideration. The 
scheme shown in his diagram is incor- 
rect, inasmuch as one trip coil is con- 
nected to “Z” current and the other to 
delta current. The “Z” connection 
should be used throughout, as shown 
in Fig. 1 of the accompanying diagram. 

An explanation of what “Z” current 
is may help in understanding this con- 
nection. The “Z” current flowing 
through the trip coil is the combination 
of the two transformer secondary cur- 
rents of the same polarity. For a bal- 
anced load the resultant of these two 
currents is always equal in value to 
the current in the third current trans- 
former secondary and is either in phase 
opposition to it or in phase coincidence. 
Why this is true can be readily seen 
from the vector diagram in Fig. 2. 
Vectors A, B, and C represent currents 
A, B, and C in the transformer secon- 
daries. These are 120 deg. apart and 
equal to each other for a balanced load. 
Assuming the direction of power as in- 
dicated, the direction of current in the 
transformer secondaries will be as in- 
dicated by the small arrows. Thus, the 


combined currents of B and C flow to- 
ward the trip coil T. and the combined 
currents of A and B fiow away from 
In other words, the 


the trip coil 7:. 


neutrel 


FIG 32 Conn. 
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current I. through trip coil T. = B+C 
and can be considered to be of positive 
direction, while the current J; through 
trip coil Ts = (—A) + (—B) and 
may be taken as of negative direction. 

Referring to Fig. 2, +B and +C 
added vectorially give resultant —A, 
which is equal to and is in phase oppo- 
sition to +A. Similarly, —A and —B 
as vectorially will give resultant 
+C. 

From the inspection of vector dia- 
gram in Fig. 2 it is readily seen that: 
+B +0 = —A 
(-A) + (—B) = +C 
A= B= C 


The “Z” connections utilize two posi- 
tive ends and two negative ends of the 
three transformers, the remaining posi- 
tive and negative ends are joined to- 
gether and grounded. These two cur- 
rents combined give delta current. This 
may be seen by referring to Fig. 2 
from which we see that J; = (+A) + 
(—C) = D = 1.78 A. 

The dotted circle in Fig. 1 gives the 
location of the trip coil, as shown in 
the sketch submitted by S. D. H. For 
obvious reasons this connection is not 
practical because with a trip coil in 
this lead, it would receive a current 
equal to I. which is 1.73 times either 
4, B, or C, with the result that dif- 
ferent values of current would be flow- 
ing through the trip coils, whereas the 
“Z” connection gives equal values 
through both coils. 

A simple rule to remember and dis- 
tinguish the difference between a “Z” 
and a delta connection is as follows: 
In the “Z” connection, shown in Fig. 8, 
the negative end of transformers 1 and 
2 are tied together, and the positive end 


These diagrams show the difference 
between the “Z” and the delta con- 
nections for current transformers. 


Fig. 1 shows the correct “Z” connec- 
tion. Fig. 2 shows vectorially why the 
currents in the trip coils are always 
equal to the secondary current from 
any one transformer. Fig. 4 shows a 
delta connection, as contrasted with 
the “Z” connection in Fig. 3 
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of transformers 2 and 3 are tied to- 
gether. The two remaining ends, the 
positive of current transformer 1 and 
the negative of transformer 3 are tied 
together and grounded. In the delta 
connection, the positive end of one 
transformer is tied to the negative of 
the adjacent transformer throughout, 
as in Fig. 4. 

It should be remembered also that 
the instantaneous values are considered 
and due to the use of the somewhat 
confusing terms “positive” and “nega- 
tive” it is suggested that “positive” be 
thought of as the power side and “nega- 
tive” as the load side of the current 
transformer. 

It will readily be seen from Fig. 1 
that both trip coils carry “Z” current, 
which is 5 amp. at full load in the 
current transformer primary. This 
connection affords protection against 
shorts and overloads. Trip coil T. will 
operate on shorts between a and b, or 
overloads on a and b. Trip coil T. will 
operate on shorts between lines b and c 
and overloads on b or c. Both trip 
coils will operate on three-phase shorts 
or three-phase balanced overloads, or 
on shorts between lines a and o. 

The trip coil setting can be obtained 
only by actual calibration. At trans- 
former full load (75 amp. in the pri- 
mary) both coils will carry 5 amp., 
while the proper tripping value for 
125 per cent load is 6.25 amp. The 
corresponding value for the coil at 
motor full load (39 amp.) can be found 
from the proportion 75 + 39 = 5 + &, 
x being the normal current through the 
trip coils at the full load current of the 
motor. Then, 1.25 x is the tripping 
value. 

Solving the equation we find x = 2.6 
amp. and 1.25 x 2.6 = 3.25 amp., which 
is the desired value. 

Trip coils as a rule have a range 
from 5 to about 10 amp. and can be ad- 
justed anywhere between these values 
by setting the adjusting nut. 

The secondary of current trans- 
former should always be grounded. 


Switchboard Section, B. J. OPARIN. 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 
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Paralleling Open-Delta- Connected Trans- 
former Bank with Closed- Delta Bank. 
I would like to obtain the experience of 
some of our readers in regard to parallel 
operation of an open-delta- connected 
bank of transformers with one or more 
closed-delta-connected banks of trans- 
formers. Under what conditions is such 
operation possible? How does the load 
divide between the several banks of 
transformers? How is the capacity 
affected of both the open-delta bank as 
well as the closed-delta bank? If we 
have two banks of closed-delta-connected 
transformers operating in parallel on 
both the high- and low-tension sides, will 
these two banks of transformers continue 
to operate satisfactorily and divide their 
load in accordance with their capacity, 
if one transformer is cut out of one 
bank so as to make an open delta con- 
nection? In this particular case, all of 
the transformers are of the same size, 
voltage, ratio, reactance, and were made 
by the same manufacturer. 

Wilmington, Del. H. E. H. 


In reply to H. E. H., open-delta and 
elosed-delta banks of similar trans- 
formers may be satisfactorily operated 
together in parallel, provided the load is 
not great enough to overload any single 
unit in the combination. In the case 
where five similar transpormers are so 
connected that there is an open-delta 
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Three -phase 
capacity of ba 
in percent of 
combined single 
phase rating 


Method of 
connecting 
parallel banks 


bank in parallel with a closed-delta 
bank, the three-phase capacity is 80 
per cent of the combined single-phase 
rating of the five units. Thus, if we 
consider 100-kva. units, the actual ca- 
pacity is 80 per cent of the single-phase 
rating, or 0.8 x 500 = 400 kva. 

For different combinations of open- 
delta and delta banks in parallel, the 
three-phase capacity is different. The 
diagram and table give the three- 
phase capacity of several groupings ex- 
pressed as a percentage of the com- 
bined single-phase rating. The data 
given assume that all units in com- 
bination are similar; that is, that they 
have the same ratio, impedance, and 


rating. W. C. WOOLEY. 
Moloney Electric Co., 
St. Louis, Mo. 
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In reply to the question asked by 
H. E. H., I wish to say that the capac- 
ity of a system consisting of a bank of 
delta-connected transformers in parallel 
with open-delta-connected transformers 
will be increased only 333 per cent. 
This will be apparent from the follow- 
ing discussion. 

If we have two transformers con- 
nected in open-delta for three-phase 
operation they will carry only 58 per 
cent of the kva. transformed, although 
we have 664 per cent transformer 
capacity. This can be shown by letting 
I be the current per phase; then the 
line current or output current of the 
delta bank is V3 I, while that of the 
open-delta bank is J. Hence, the output 
of the open-delta bank is J = V3 = 
0.58 of the output of the delta bank. 
The transformer capacity is not used, 


Ib fbo 


(a) (c) 


How the current divides in an open- 

delta-connected bank of transform- 

ers when connected in parallel with 
a a closed-delta bank. 
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due to the phase relationship of the 
currents and voltages. In the delta 
connection, considering a balanced load 
at unity power factor, the current and 
voltage of each transformer are in 
phase; but in the open-delta connection 
the current and voltage of each trans- 
former are out of phase 30 deg., which 
results in a power factor of 86.6 per 
cent for the transformers. In order 
to have the transformers connected in 
open delta carry full load their com- 
bined rating must be 116 per cent of 
the delta, considering the delta as 100 
per cent. 

With the open-delta bank connected 
in parallel with the delta bank, the 
increased capacity is not 58 per cent, 
as might be expected, but 33% per cent. 
The output of this parallel connection 
is limited by the rating of the delta 
connection. The diagram shown below 
will aid in clarifying the discussion. 
In this parallel connection, two trans- 
formers of the open delta bank are in 
parallel with two of the delta bank. 
Hence, the currents in each of the 
three branches will divide inversely 
as the respective impedances of these 
different branches. 

Assuming a three-phase balanced 
load, let I., J, and I; represent the cur- 
rents between phases ac, cb, and ba, 
respectively. Considering each phase 
separately, the currents will divide as 
follows: Current Z, breaks up into two 
paths; 4 J, flows through branch ac, 
while — 4 Ii flows through branches ab 
and be. Current J; breaks up into two 
paths; 2 J; flows through branch cb, 
while — 3 J. flows through branches ca 
and ab. Current I. breaks up into 2 J. 
which flows through branch ba, and 
— 1 I. which flows through branches 
be and ca. Taking the vectorial sum 
of these currents in each branch, there 
results, 


Iac = + 47, — 3 J. — 3 Is, as shown 
at (a) : 

Jed = — z Ii + 7 1. — 3 J. as shown 
at (b) 

Ing = — 3 I. — 1 I. + 2 ., as shown 
at (c) 


It must be remembered that the cur- 
rents in each branch are displaced 120 
deg. and that the indicated signs are 
vectorial signs; hence, negative vectors 
are reversed and added to positive vec- 
tors. 

To illustrate the preceding equations, 
let us assume a three-phase current 
of 100 amp. in the line; then substitut- 
ing in the equations, we have 
Igo = + 50 — 25 — 25 = 50 + 25 = 75 
Ica = — 50 — 75 — 25 = 75 + 40 = 115 
Ing = — 50 — 25 + 75 = 75 + 40 = 115 

From this result it is obvious that 
the winding ac which carries 75 amp., 
limits the output of the system. If the 
delta bank were used alone, it could 
carry only 75 amp. However, with an 
open-delta bank connected in parallel 
with the delta bank, a 100-amp. load 
can be carried, which is an increase 
of 25 amp. or 334 per cent. 

FREDERICK NIMMCKE. 
New York, N. Y. 
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A bank of open-delta- connected trans- 
formers can be operated in parallel 
with one in closed delta if the charac- 
teristics of the transformers composing 
the banks are the same. 
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Consider two banks A and B operat- 
ing in parallel and both connected in 
closed delta. If one transformer in 
bank B burns out, this bank may be 
reconnected in open delta and oper- 
ated to 85 per cent of its rated capacity 
in parallel with bank A. | 

L. F. Goss. 


Chief Engineer, 

Kuhlman Electric Company, 

Bay City, Mich. 
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Are Transformer Laminations Injured by 
Burning off OIl and Insulating Com- 
pounds? —I will appreciate it if some 
readers can give me the following infor- 
mation: Does heating transformer lami- 
nations to remove the insulating com- 
pound and oil injure them? Is it stand- 
ard shop practice to do this? How much 
will the iron loss be increased, if any, 
by this procedure? If the laminations 
are japanned after burning off the oil 
and compounds, will this cut down the 
core loss? Will an oxide form.on the 
iron, during the heating, which will cut 
down the core loss? How hot may the 
iron be heated without injuring it? 
Santa Ana, Cal. C. C. B. 


Replying to the question ef C. C. B., 
it cannot be positively stated that burn- 
ing off oil and insulating compound 
from laminations will cause serious 
heating. If the insulating compound, 
which is usually some form of japan, 
has been burned off the safest thing 
to do would be to obtain new lamina- 
tions. If this is too expensive or im- 
possible the laminations should again 
be japanned. It is impossible, except 
by actual test, to tell whether the core 
loss is increased. 

Whether this method of handling 
laminations should be followed or not 
must be left to the judgment and ex- 
perience of the man in charge. While 
the oxide that is formed during the 
heating may help as an insulator, it 
cannot be depended upon the same as 
a uniform coating of japan. There 
may also be a change in the actual 
space required in stacking, due to the 
greater thickness of the laminations. 

Heating iron to a temperature ap- 
proaching a red heat causes the forma- 
tion of a coating of iron oxide on the 
surface, thus increasing the thickness. 

The writer knows of a number of 
jobs, where the japan and oil were 
burned off and the laminations re- 
stacked without any other treatment. 
While most of the machines seemed to 
operate satisfactorily, some trouble oc- 
curred which might readily have been 
attributed to the treatment of the iron. 
In the case of one Jarge transformer a 
great deal of trouble in re-stacking was 
caused by burning off the oil and japan. 
Possibly too high a temperature was 
used for this purpose. 


C. OTTO VON DANNENBERG. 
Designing Engineer. 
General Engineering & Management Corp., 
New York, N. Y 
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Overload Protection for Generators. 
(1) We have installed in our power 
plant, two 2.000-kva. generators and two 
4,000-kva. gererators, all of which are 
rated at 2.300 volts, three phase, 60 
cycles, 3.600 r.p.m.. and are driven by 
steam turbines. What protection should 
we have on these generators? Should 
reverse power relays, or overload relays, 
or both be used? Are these relays neces- 
sary and also what other protection is 
required on these machines. The four 
machines are arranged to be paralleled 
together and quite often all of them are 
running simultaneously. (2) We have 
installed one 50-kw., 125-volt, motor- 
driven generator which operates in 
parallel with two 100-kw. steam-driven 
exciters for supplying fleld excitation for 
synchronous motors. Should we have 
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circuit-breaker protection on these ma- 
chines and, if so, should a three-pole 
circuit breaker be used? I shall appre- 
ciate any information that readers can 
give me regarding these questions. 
Detroit, Mich. R. J. 


For generator protection in the case 
mentioned by R. J. B., I would suggest 
first of all a system of grounding 
through a resistance, the resistance to 
be of. such size as to conform to other 
points in the station; that is, of high 
resistance if it is desired to limit a 
ground current to that of the machine 
rating or under and of low resistance 
if it is permissible that the current 
flowing in event of ground be greater 
than the generator current. 

The protection against internal faults 
is receiving more attention of late years 
than was accorded to it in the past and 
can be accomplished by low-energy 
over-current relays operating through 
current transformers placed at each end 
of the phase winding. With respect to 
the over-current relay, I would suggest 
that an over-current directional power 
relay be used. This will operate to pro- 
tect against excess current in the wrong 
direction. An over-current relay may 
be added to this to protect against plain 
overload. 

In the first case, current must flow in 
the wrong direction and at a predeter- 
mined value and time before the relay 
functions. In the second case plain 
overload protection is afforded. 

The addition of a power relay offers 
a means of protecting the smaller units 
in the event that the larger units are 
accidentally kicked off or taken off the 
system. 

A circuit breaker of the single-pole 
type is essential on your exciter sets. 
The motor driving the set should have 
the usual protection. 

Thermal protection of bearings is not 
a costly item and offers possibilities in 
places where adequate supervision is 
not to be had. They can be installed 
to ring a signal or shut down the plant 
and auxiliaries. Also, it is a wise pre- 
caution to install graphic meters to 
record the air temperature on the intake 
side, with a contact-making element to 
warn operators in the event of too much 
heat as a result of the cooling system 
not functioning. 

The use of equipment of this char- 
acter mav save costly repairs and ex- 
pensive shutdowns. 

I hope that these suggestions will be 
of some value to R. J. B. 


Chief Electrician. E. J. MORRISSEY. 


Western United Gas & Electric Co., 
Aurora, Illinois 


+ M k k 


In regard to R. J. B.’s question about 
protection for a turbo-generator, it is 
permissible to use either overload or 
reverse-current relays but I do not see 
why both should be used. However, 
the overload relay should be of definite 
time-limit and not iņstantaneous. The 
reason for this is obvious: The momen- 
tary overloads would be continually 
tripping the machine on fluctuating 
loads. 

Temperature relays are often placed 
in the slots of the alternator winding 
to prevent the machine from becoming 
too hot internally; these are arranged 
to trip the machine at a predetermined 
temperature. 

A protective feature that is much 
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used is the air-washing system for 
cleaning the ventilating air for the 
generators. This prolongs the life of 
the windings by practically keeping 
dust and dirt from them and also 
guarantees a cooler operating machine. 

Should the machine become suddenly 
disconnected from the load and the gov- 
ernors unable to control its speed, the 
overspeed trip on the turbine should 
automatically shut the machine down, 
but the overspeed trip should be tested 
at regular intervals. The best time for 
this is when shutting down the machine 
because of light load. Just shift the 
load onto the other operating machines 
and then trip the breaker and let the 
machine speed up, while watching the 
speed indicator. The overspeed device 
usually will trip at 10 per cent over- 
speed. 

In the last section of the question I 
judge that R.J.B. refers to the exciting 
end of the synchronous motors. In that 
case no circuit breaker at all is neces- 
sary, the exciters being protected by 
fuses rated at high overload capacity. 
If a carbon breaker is desired it should 
be equipped with a reverse-current re- 
lay. A single-pole breaker will be suffi- 
cient, but I do not see why a three-pole 
breaker should not be used if this 15 
already in stock. A triple-pole knife 
switch may be used for the exciters. 
Also a double-pole switch may be used 
to handle the negative and positive 
lines, while the equalizer switch may be 
of the single-pole type. 

GRADY H. EMERSON. 

Birmingham, Ala. 

* + * * 

Reducing Motor Hum on Large Ven- 
tllating Fans.—In the operation of in- 
duction motors the lower the speed the 
greater the motor hum. In some cases 
however, it is necessary to use low-speed 
induction motors on ventilating fans and 
in this case excessive motor hum is 
objectionable since it is transmitted 
through the fan and to the duct system. 
If readers have devised ways and means 
to reduce the transmission of this hum 
by suitable mountings for motors when 
direct connected to the fan by using some 
fibrous or other material that reduces 
the transmission of noise, I would like to 
get details of such mountings. Possibly 
the noise-reducing device may take some 
form of coupling between the motor and 
fan. Please indicate also how magnetic 
density and variations in slip to get 


low-speed operation effect motor hum. 
Omaha, Neb. - H. A. P 


Replying to H. A. P.’s question, in- 
duction motors are subject to magnetic 
noises due to the varying magnetic 
densities in the iron caused by the 
alternating currents. I believe this 
trouble can be helped considerably by 
using sound-insulating material in the 
foundation directly under the motor 
base. Foundations of cork pads 2 or 3 
in. thick, felt pads, or sheet lead are 
some suggestions. Some reputable 
manufacturers of sound-insulating ma- 
terials have studied this question of 


eliminating the magnetic hum caused. 


by a.c. motors, particularly with refer- 
ence to elevator motors used in large 
office buildings, hospitals, hotels, and 
the like, where noise of this nature is 
objectionable. As a suggestion, I might 
say that acoustic engineers connected 
with some of these companies have 
made careful investigations of this 
trouble and will doubtless be very glad 
to furnish valuable information on this 


subject. R. F. EMERSON. 
Industrial Engineering Dept., 

General Electric Co., 

Schenectady, N. Y 


July, 1926 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The items may 


refer to inspection, overhauling, testing, and emergency or special installations. 


Meters Used as 
Reverse Current Relays Prevent 
Racing of Rotaries 


Co trouble was expe- 
rienced in one of our substations 
from the racing of two rotary con- 
verters when the a.c. voltage on the 
feeders supplying the converters was 
interrupted. Various mechanisms were 
tried to provide suitable protection 
against this condition, but without suc- 
cess, due to the fact that they were not 
sufficiently sensitive to meet the re- 
quirements. 

The trouble was remedied finally by 


= 


Current coil 
Potential ~” eosin al 
-AC bus co//s ~~ T 
Fig. 1—Connection scheme for 


using watt-hour meters in the 
capacity of protective relays. 


The meter potential coils are connected 
to the d.c. busbars and the current 
coils are connected as shunts to the 
negative d.c. leads of the converters. 
When the meter contacts are closed the 
no-voltage coils are short-circuited, 
opening the circuit breakers. 


the use of two Sangamo Type D-5 d.c. 
watt-hour meters, one of which is 
shown in Fig. 2, that were arranged to 
act as reverse-current relays. The 
potential coils of the two meters were 
both connected across the d.c. busbars 
and the current coils were connected as 
shunts to the negative leads connected 
to the d.c. side of the rotary converters, 
as shown in Fig. 1. The armature con- 
nections for both meters were formed 
by using the respective sections of the 
two negative leads to which the cur- 
rent coils were connected. 

The trains were removed from the 
two meters and leads were brought 
from the trip coil of the no-voltage re- 
lease attachment on the circuit-breaker. 
Each trip-coil was connected to special 
contacts placed inside the correspond- 
ing meter, as shown in Fig. 2. One of 
the meter contacts is stationary while 
the other is mounted on the meter disk 


which is normally grounded in the 
mercury of the current element. A 
stop attached to the frame of the meter 
was also placed in such position as 
to prevent rotation of the disk in the 
opposite direction. By adjusting the 
magnets and the stop for the disk, the 
inverse-time limit may be varied within 
quite wide limits. 

With the rotaries running at line 
voltage they are delivering energy to 
the line and the meters attempt to run 
forward, but the stop prevents this. If 
the voltage of one of the rotaries drops 
below the line voltage, there is a flow of 
energy back into the machine and the 
meter swings backward, closing the 
meter contact and opening the circuit- 
breaker by short-circuiting the low- 
voltage coil. This coil is in series with 
a resistor which prevents any damage 
from the short-circuit. 

This arrangement has provided a 
most excellent type of d.c., time-limit, 
reverse-current relay, and has never 
failed to operate on interruption of the 
a.c. circuit on either machine. The 
breakers are always tripped before any 
variation can be noted in the speed of 
the converters. R. C. STEVENS. 
Superintendent of Meter Dept. 


Charleston Consolidated Ry. & Light Co., 
Charleston, S. C. 


2—Sangamo type D-5 watt- 
hour meter provided with contacts 
for use as a reverse-current relay. 
The disk is kept from turning by the 


Fig. 


fixed stop at the right. Upon the re- 
versal of current flow the disk will 
tend to turn in the backward direction, 
thus closing the contact at the left, 
which short-circuits the no-voltage coil 
and trips the circuit breaker. 


Methods of Lighting 
Finish and Assembly Work on a 
Moving Conveyor 


HE following discussion was taken 
from a paper on “Automobile Body 
Plant Lighting,” presented before the 
Annual Convention of the Illuminating 
Engineering Society at Detroit, Mich. 
The paper mentioned above was 
written by James M. Ketch, Illu- 
minating Engineer, National Lamp 
Works of the General Electric Co., De- 
troit, Mich., and H. J. Thompson and 
E. F. Labadie, Electrical Engineers, 
Fisher Body Corp., Detroit, Mich. 

The lighting system used for the fin- 
ish and assembly of the automobile 
body deviates from the usual indus- 
trial lighting because of the problem 
of furnishing proper light for work 
which is on a moving conveyor. How- 


300-500 malt angles 
mounted o J. 
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Fig. 1I— Lighting arrangement for 
the conveyor line when work is be- 
ing done on the exterior of the 
automobile bodies. 


ever, similar applications will be found 
in other industries, which may be han- 
dled likewise. 

The problems confronted when light- 
ing the bodies on moving conveyors are 
essentially the same for the several im- 
portant operations found there. The 
surfaces to be lighted are vertical and 
probably of a dark color, and the bodies 
are traveling at a slow but constant 
speed. In some plants the conveyor 
lines are close enough so that one side 
of two lines, or the bodies on both sides 
of the work aisle, can be lighted with 
one line of luminaires in the center. In 
many plants, however, the lines are too 
far apart to be effectively lighted this 
way, and each side of a conveyor line 
must be considered as a separate prob- 
lem. This requires duplicate lines of 
reflectors in each aisle. 

One company flows enamel on the 
bodies while they are suspended by 
chains from a traveling conveyor and 
the bottom of the body is at least 3 ft. 
above the floor. This body height 
makes it fairly easy to get proper illu- 
mination on the entire side with lumi- 
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_ naires mounted at heights of 7 to 8 ft. 
In other plants the bodies are mounted 
on trucks on a floor conveyor with the 
most important lower surface from 20 


locate any sort of lighting equipment 
on the floor; hence the use of low- 
mounted reflectors 64 to 74 ft. above 
the floor is more common than the use 
of those mounted at heights usual in 
factories. 

The intensities required are high. 
Levels of 20 to 50 ft.-candles are stand- 
ard for black, blue and dark gray jobs, 
while intensities of 15 to 35 ft.-candles 
are sufficient for work on the lighter 
blues, grays and gray-green color now 
so popular. In general, body conveyor 
line lighting requires special equipment 
and there is a wide field for the devel- 
opment of reflectors that will do the 
job with utilization efficiencies obtain- 
able in other and more common indus- 
trial lighting systems. With the com- 
mercial equipment now available, angle 
reflectors seem to give the best results. 

The standard of one large body com- 
pany is to use 300-watt elliptical angle 
reflectors mounted 63 to 7 ft. above 
the floor, and spaced 23 to 3 ft. apart 
alternately facing opposite sides of the 
work aisle, thus giving an effective 
spacing of 5 to 6 ft. on any one side 
as shown in Fig. 1. Where color is very 
important, 300-watt, bowl-frosted day- 
light Mazda lamps are used, and 300- 
watt, clear lamps where the intensity 
is of more importance than the color. 
The elliptical angle at this height di- 
rects a high percentage of vertical illu- 
mination to the side panels and yet has 
a deep enough shielding angle to elimi- 
nate objectionable glare to anyone fac- 
ing the row of units from the opposite 
side of the conveyor line. 

Many schemes and devices have been 
tried for lighting the inside of closed 
bodies in the trimming and upholster- 
ing departments. While it is possible 
to light the body from stationary light- 


ing systems, such systems generally 


prove impractical because of the need 
of plenty of man-space in the aisles 
between the conveyor lines. Where the 
bodies being trimmed are stationary, it 
ig undoubtedly the most satisfactory 
plan to use portable extension cord or 
portable floor stands. In the larger 
plants, however, the trimming is done 
while the bodies move along on the con- 
veyor line and extension cords attached 
to stationary outlets are generally in a 
hopeless tangle. The plan of lighting 
the dome and side-lights of the auto- 
mobile by means of a third rail and 
sliding collector system attached to a 
low-voltage system has been tried. 
However, the voltage drop, due to poor 
sliding contacts and the resistance of 
the long steel tracks, has almost dis- 
couraged this practice. 

A better plan is to install an over- 
head, hard-drawn, copper-wire trolley 
with simple sliding collectors attached 
to the ends of extension cords, as in 
Fig. 2. These collectors can be simply 
and cheaply made and their operation 
has been satisfactory. As the car 
moves along on the conveyor, the ex- 
tension cord in the car slides the col- 
Jector along the trolley, eliminating the 
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How to Make 
Portable Power Connector 
for Hard Service 
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ing a sufficient length of the tube open 
to receive the male portion. The pieces 
of air hose, which should be about 1% 
in. long, should be cemented in place 
over the tube and the rod. One impor- 
tant advantage of the hose is that it 
does not warp when it becomes wet, 
and will stand more abuse than a fiber 
handle or sleeve. 

This power connector has proved en- 
tirely satisfactory in service and will 
be found very useful wherever portable 
cords are used under severe condi- 
tions. R. C. VoRDERSTRASSE. 


Chief Electrician, 
United Electric Coal Co., 
Lewistown, III. 


—— — 


Heating Caused by 
Carrying Each Phase of 3-Phase 
Cireuit in Separate Conduit 


N THE February, 1926, issue, S. H. 

Samuels described, on page 93, the 
method used to correct the high tem- 
perature and unbalanced conditions 
caused when separate phases of a three- 
phase circuit were carried in individual 
conduits. The heating referred to was 
probably caused by the use of conduit 
made of magnetic material, constitut- 
ing in effect a transformer with a one- 
turn secondary. The remedy that was 
used is essentially the same method 
employed for carrying connections from 
an electric furnace transformer to the 
electrodes. The conductors are so in- 
terconnected that each carries a smaller 
current adjacent to a line of different 
polarity, and the lines are grouped or 
interleaved, particularly when copper 
bars are used as conductors. 

A case of trouble occurred some years 
ago which was solved in a different 
way. An iron pipe conduit system 
somewhat over 4 mile in length was 
installed with the intention of using 
a three-conductor cable later on. Owing 
to a change to higher voltage on the 
system and an increase in the load to 
be carried, it was not possible to use a 
three-conductor cable that was small 
enough for the duct; so a single con- 
ductor had to be used. It was out of 
the question to draw in a single cable 
in each duct, due to the danger from 
excessive heating as well as the added 
inductive drop. 

The matter was solved by drawing 
two cables of the same size and in- 
sulation into each duct. One cable ran 
straight through from one station to 
another, but the other or auxiliary 
cable was connected to two other 
auxiliary cables at the end of the iron 
conduit run. This gave the same re- 
sult as inserting three current trans- 
formers, in three separate lines, with 
the secondaries short-circuited, the 
main cable being the primary. Since 
the current flowing in the short- 
circuited secondary sets up & magnetic 
field which very nearly neutralizes the 
magnetic field set up by the primary, 
the resultant magnetic field left to 
magnetize the conduit is small. There- 
fore, there is no heating, and the added 
inductive drop due to the section of iron 
pipe is negligible. 

C. OTTO VON DANNENBERG. 


Designing Engineer, 
Sanderson & Porter, 
Springdale, Pa. 
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Facts to Remember About Care 
of Renewable Fuses 


FUSE is the maintenance man’s 

best friend, when it is properly 
applied and cared for; otherwise it can 
be the source of no end of annoyance, 
as well as the cause of considerable de- 
lay to important machines which it is 
supposed to protect. Although renew- 
able fuses are extremely simple, there 
are several precautions that should be 
observed in using them. It is surpris- 
ing, but true, that some maintenance 
men will install a fuse improperly and 
expect it to give good service. It is 
sometimes still more surprising to visit 
some power plant and note the number 
of fuse cases, terminals and so on lay- 
ing around that have been burned up 
or so badly damaged that they are of 
no further use. I cannot say just what 
the life of a good renewable fuse should 
be, as I have never had to take a fuse 
case out of service, in spite of the fact 
that I have refilled them hundreds of 
times and used them in some cases at 
100 per cent above their rated capacity. 
With this in mind, the following pro- 
cedure may be of help to maintenance 
men who have been having trouble with 
fuses. 

First, I always keep a duplicate set 
of fuses ready for use in a small rack 
in the power house. Under each set 
of fuses is marked the equipment on 
which these fuses are used and the 
rating that’ is best suited for its pro- 
tection. When a set of fuses fails any- 
where in the plant, I can replace it 
with the extra set in a very short time 
indeed. 

As soon as possible, I take the blown 
fuses apart, polish the terminals and 
washers, and also the fuse links, if they 
are old and discolored, with a small 
piece of No. 00 sandpaper, and assem- 
ble the fuse carefully. I take particular 
care to make a good, tight fit between 
the link and the terminals. Right here 
is where a great many maintenance 
men make a mistake: they do not 
tighten the link in the terminals as well 
as they should, which results in a tem- 
perature rise at the terminals when 
the fuse is put under load. The heat 
is in turn passed along to the link and 
the result is a premature failure. 

Another very important point that 
deserves mote attention than it usually 
receives, is the condition of the fuse 
clips. I make it a point to go over all 
fuse clips at least once a month, re- 
move the fuses, and carefully wipe the 
inside of the clips with a folded piece 
of No. 00 sandpaper where they make 
contact with the fuse terminals. After 
doing this I try the fuse in the clip, 
noting carefully whether both clips 
make a good, firm contact with the fuse 
terminals. If not, it takes only a few 
light taps near the base of the clip to 
make a tight fit. A little experience 
will soon enable one to do this. 

Another important point to watch is 
whether the fuse clip is making contact 
with the fuse terminal on only one 
corner on either side of the clip. By 
inserting and withdrawing the fuse a 
time or two, one can see by looking at 
the fuse terminals just what parts of 
the clips are making contact with the 
fuse terminals. In a surprising number 
of cases, fuses make contact on just a 


INDUSTRIAL ENGINEER 


very small part of the clip. If this con- 
dition is not corrected, the fuse cannot 
possibly carry its rated load, due to the 
fact that the area of contact is so small 
that it will heat up when the fuse is 
put into service. The result is pre- 
mature failure, causing unnecessary 
delay and expense. Besides this, the 
fuse terminals and clips will probably 
be burned, in some cases so badly that 
they can not be used again. In any 
case, heating anneals the fuse clips and 
takes all of the life out of them. With 
the larger sizes of fuses, this heating, 
in addition to burning the fuse termi- 
nals and annealing the fuse clips, may 
also cause the fuse case to crack and 
split open. 

All of the above instructions can be 
carried out in much less time than it 
takes tq explain them. If they are com- 
plied with, it will be found that fuses 
will give not only months but years of 
faithful and reliable service, eliminat- 
ing the annoyance and delay to produc- 
tion occasioned by premature failures 
due to abuse and improper care. | 
Chief Electrician F. D. HEWLETT. 


Ingham- Burnett Lumber Co., 
Allison, Ala. 


Supposed Electrical 
Trouble with Hoist Motor Due 
to Mechanical Cause 


HILE relieving the electrician in 

a local plant, I was called to 
start a 3-ton Euclid hoist which was 
driven by two small, three-phase, 220- 
volt induction motors. One of these 
motors operated the hoist, being direct- 
connected to the drum through gears, 
and the other operated the bridge mo- 
tion through a belt. The bridge motion 
motor ran nicely, which indicated a 
good contact on the main trolley shoes 
or wheels, but the hoist motor would 
not start. So the usual tests for blown 
fuses, bad contacts at trolley shoes, 
and an open circuit were made. All 
taped joints were inspected and the 
contacts at the reversing controller 
were gone over. In fact, every ordinary 
test was made to insure that the motor 
was receiving current, and all tests 
showed that the motor was undoubtedly 
getting current. The bearings were 
also examined, and were found to be 
almost perfect. The motor was in 
perfect shape, literally speaking, was 
getting the required current, but still 


would not run. 


I took the front end bell off the 
motor and put an 18-in. pipe wrench 
on the shaft and pulled both ways, but 
could not move the rotor. The condi- 
tion of the rear bearing showed that it 
was not frozen, because it was not even 
warm, had plenty of oil, and the motor 
had been running a few minutes before. 
A fine mill file was sent for and used to 
remove the burrs from the shaft caused 
by the pipe wrench. 

We next removed the cover from the 
gear box. After carefully looking over 
the gears, it was found that a spring 
had become loose from its support on 
the load brake and had wedged between 
the main gear and the gear housing. 
This spring is used on the load brake 
and is about 3 in. long by J in. in 
diameter. It had been pulled up almost 
its full length between the drum gear 
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and the housing. When the spring was 
removed and replaced by a new one, 
and the front end bell again put on, the 
motor ran normally. 

Because of a rather unusual ruling in 
this plant, to the effect that the elec- 
trician was not allowed to make me- 
chanical repairs, I was merely an inter- 
ested onlooker while the above repair 
work was being done. However, this 
incident impressed on me the fact that 
the mechanical end of a motor drive is 
oftentimes a source of trouble and 
should be carefully inspected when 
ordinary tests have failed to reveal the 
cause of supposedly electrical trouble. 
Birmingham, Ala. G. H. EMERSON. 


Method of 
Grounding Machines to Prevent 
Static Discharges 


ISCHARGES of static or frictional 

electricity from machines used in 
manufacturing processes are always 
a source of annoyance and danger to 
the persons operating the equipment. 
There are cases on record where em- 
ployees have been seriously injured, 
either directly or indirectly, by dis- 
charges of this kind. 

Static electricity is generally de- 
veloped on belt-driven machines that 
are set up on wooden flooring, or on a 
flooring having fair electrical insulat- 
ing properties, and where the main 
drive shaft bearing brackets are 
mounted against a wooden ceiling. In 
many cases belts are grounded by 
means of metal combs placed close to 
the belt surface to remove the static 
charge. 

The methods of preventing trouble 
from static electricity are extremely 
simple, and consist in grounding the 
frames of the machines to a suitable 
conductor going to earth. 

There are, however, a few points to 
keep in mind when installing ground 
connections. As a rule, a ground wire 
is run to the nearest water or gas pipe, 
regardless of the conditions or the 
troubles that are quite likely to develop 
later. 

Consequently a few suggestions may 
be helpful. In the first place, avoid 
grounding wires on fire sprinkler heads, 
steam pipes, gas pipes, meters, valves, 
and conduits. There is always danger 
of a pipe, especially a steam pipe, being 
insulated from the earth, or leaking gas 
being ignited, with the possibility of 
frequent repairs making the ground 
ineffective for certain periods. Machine 
ground wires should be run so that they 
will not be mishandled and broken, to 
become a hazard to employees. 

A simple and effective method of 
grounding any number of machines is 
to connect them to a common copper 
wire, say No. 6 B&S gage, which is 
carried along the floor and outside the 
building in conduit. The conduit 
serves merely as a physical protection 
for the wire which should be soldered 
or welded to a copper plate imbedded in 
several layers of charcoal placed at a 
sufficient depth to be in permanently 
damp earth. This method is recom- 
mended by the Department of Safety 
and Labor in several states. 

Jersey City, N. J. E. A. BAERRR. 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ang element through the auxiliary transmitting equipment to all driven machines. 


How an Uneven Belt Was Made to 
Run True 


HE defective portion of the driving 

belt of a high-speed, three-bearing 
generator was recently removed and re- 
placed by a new piece. When the ma- 
chine was started following the repair, 
the belt persisted in running off to one 
side, which brought one edge in con- 
tact with the outside bearing pedestal 
of the generator. This was probably 
due to stretching of one side of the old 
belt, or to a splice which was not square 
with the edge. It was easily seen that 
if this were permitted to continue, the 
edge of the belt would soon become 
stretched and worn and flare out. This 
would soon destroy the belt. 

The difficulty was overcome by trans- 
ferring the crown of the driven pulley 
from the middle of the pulley face to a 
point nearer the center bearing. A 
ring of -in. holes was drilled around 
the pulley face about 14 in. to one 
side of the old crown at the place it 
was desired to have the new crown and 
a strip of raw-hide belt lacing riveted 
to the pulley base. When the machine 
was started, the belt ran true on ac- 
count of the action of the new crown. 
The pulley was enough wider than the 
belt so that it did not run off at the 
other side when shifted over by the new 
crown. 

Another way to build up a crown, or 
to shift a crown to one side of the 
center of a pulley, is to use cloth and 
some of the various pulley cements on 
the market. When this method is used 
it is not necessary to drill holes in the 
pulley face, nor does it leave a row of 
projecting rivet heads around the new 
crown. 


Safe Method of 
Lining Transmission Guards 
While Operating 


B millwright has had to do 
jobs after working hours because 
of the risk or impossibility of working 
around moving transmission equipment. 
Even the measurement of belt lengths 
by use of a tape over the pulleys is 
fraught with danger and difficulties. 
The accompanying drawing shows a 
method of doing, without risk and in a 
most simple manner, a job in which 
moving pulleys figure. 

Two guards were to be applied to the 
belt and flywheel, which also served as 
the pulley, of some punch presses and 
attached at the points G and G. The 
guards themselves were of the box 
type which provides a bell-mouthed 
opening for the belt and also has sides 
which completely enclose the pulley 


and belt on the exposed sides. It is 
obvious that the only way to set these 
guards properly is to have the belt or 
its equivalent in position. 

To attach the guard it was necessary, 
for safety, to have the press idle be- 
cause of the danger of working around a 
moving flywheel. With the belt thrown 
off the flywheel there was no means of 
lining up the guard. For this reason 
it had been considered necessary to do 
the work at night. In order to avoid 
overtime work on this occasion, the 
millwright in charge threw off the belt 
and substituted a line, as shown in the 
accompanying sketch. The first step 
was to attach a small eye to the ceiling 
above the pulley on the lineshaft. A 
cord was fastened to this eye and car- 
ried over the moving pulley on the line- 
shaft and on down over the flywheel on 
the press. A nut on the end of the 
cord served as a weight to hold it in 
position. This cord provided him with a 
true belt line from which he could ac- 
curately place his guards, which were 
secured by angles to the frame of the 
machine. 

Following this same method the 
whole battery of machines was fitted 
during working hours. It was necessary 


By using this string instead of the 
belt it was possible to line up the 
guards during working hours and 
while the lineshaft was operating. 


to have only one machine idle at a time 
and it was possible in every case to 
find periods when the machines were 
idle for other reasons. In addition, the 
whole job was done better than would 
have been the case at night, and by a 
simple, safe method that is applicable 
to many other jobs around moving 
pulleys. 

It may not be out of place to men- 
tion that this incident serves as another 
illustration of the fact that the most 
obvious method of handling a job is not 
always the best method. For this rea- 
son a little time spent in planning the 
work and deciding just how it may be 


‘done with the greatest ease and safety, 


all things considered, will usually be 
well invested. 

This is partieularly true in the case 
of operations or work that ordinarily 
would mean stopping equipment for a 
time, or that involve an injury hazard 
to the workmen, as in this instance. 
Usually one has but to calculate the 
value of the output of a machine or 
group of machines, with the wages of 
the operators, for even a comparatively 
short period of time to be convinced of 
the advisability of avoiding shutdowns 
as much as possible, when work is to 
be done on power drive equipment. 
However, pursuit of this ideal should 
not be carried to the point where the 
workmen are exposed to any unusual 
hazards. DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


Comment on 
“Specifications for Oil and 
Grease Lubricants” 


N THE discussion of the sludge test 

in the article entitled, “Specifications 
for Oil and Grease Lubricants,” which 
appeared in the March, 1926, issue of 
INDUSTRIAL ENGINEER the following 
statement appeared: “The sludge test, 
which determines the tendency to form 
a sludge, has comparatively little bear- 
ing on lubrication, but is of interest 
to the manufacturer and important in 
determining the insulating life and 
value of transformer oils.” 

Attention has been called by readers 
to the importance of the sludge test 
on an oil used in the lubrication sys- 
tem on turbines and other equipment 
where the oil is circulated continuously. 
This article was intended to cover only 
lubrication problems incidental to 
power transmission equipment and 
plant machinery. A discussion of en- 
gine and turbine lubrication is ex- 
tensive enough to demand individual 
treatment.—EDITORS. 
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Determining Size of Pulley 
for Fabric-Base Belts 


HERE fabric-base belting is 
made up of several plies of 
stitched or cemented canvas, pulleys of 
small diameter should not be used 
because of the danger of pulling the 
plies loose when making the short bend. 
The proper size of pulley to use 
with such belting of various weights 
and plies may be determined by means 
of the accompanying chart which takes 
into consideration working stresses 
ranging from 210 to 280 Ib. per sq. in. 
The three most common weights of 
duck used in belts, 28 oz., 32 oz., and 
36 oz., have corresponding working 
stresses of 220, 237 and 2&2 lb. respec- 
tively. These stresses are given in 
column A. Column B gives the minimum 
pulley diameter in inches and column C 
the number of plies. With this chart 
any of these three factors may be 
found if the other two are known. 

The method of using the chart is 
best shown by an example. Thus, if a 
seven-ply belt is made of 32-0z. duck, 
what minimum pulley diameter may 
be used? To find this run a straight 
line through the point in column A cor- 
responding to 32-oz. duck and figure 7 
(number of plies), in column C; the 
intersection of this line with column B 
indicates that the minimum pulley 
diameter that should be used with such 
a belt is 18 in. 

In other words, simply run a straight 
line through the working stress, column 
A, and the number of plies in column 
C, and the intersection of this line with 
column B will give the minimum pulley 
diameter. Extremely small pulleys 
must be avoided, if it is at all possible 
to do so. Thus, column B shows that 
no pulley smaller than 5 in. in diameter 
should ever be used with a standard 
fabric belt. 
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Data for Proportioning 
Fabric-Base Belts 

Number Number 

of Plies, of Plies, 


Minimum Maximum 


Belt 
Width, 


Inches 
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This chart is based upon the follow- 
ing rule: Extract the cube root of the 
working stress in pounds per square 
inch, multiply by the number of plies 
and divide by 2.4. The result is the 
minimum diameter of the pulley in 
inches. 

This chart may also be used for 
determining the maximum number of 
plies when the working stress and the 
pulley diameter are 
runing a straight line through the two 
known factors. 

The accompanying table will assist 
in the selection of a well-balanced belt 


§ e 
MINIMUM DIAMETER OF PULLEYS TO USE 2 
WITH FABRIC BASE BELTS 
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column A at value of working 10 
stress or weight of duck, and num- 30 
ber of plies, in column C. Read 
diameter of pulley at point of inter- 34 12 


section with column B. B C 


known, by simply 
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that will be neither too thick nor too 
thin. Thus, for instance, if the belt 
width is 10 in. it is generally considered 
best not to use less than four or more 
than six plies. This table used in con- 
junction with the chart will be found to 
be very useful when laying out fabric- 
base belt drives. 
W. F. SCHAPHORST. 


Mechanical Engineer, 
Newark, N. J. 


Easily Constructed Gage for 
Aligning Shafts 


N PAGE 193 of the April, 1926, 

issue of INDUSTRIAL ENGINEER ap- 
pears an interesting item by Maurice 
C. Cockshott entitled “An Easy Method 
of Aligning Parallel Shafts.” I have a 
method that I believe is better for cer- 
tain conditions, particularly where the 
end of the shafting is difficult of access, 
and for quickly checking the alignment. 
This method does not require any care- 
ful measuring or marking by use of a 
carpenter’s try-square. 

The equipment required can be quick- 
ly put together in any plant. It con- 
sists of two pieces of light, slender but 
stiff, wooden strips and two light 
clamps, as shown in the accompanying 
sketch. With a gage like this, clamped 
together at a length equal to the dis- 


The construction and method of 
using a light wooden gage for 
checking alignment of parallel 
shafts is shown here. 


á 


tance between the shafts at one point, 
it is a simple matter to check the shafts 
at other points and learn whether or 
not they are parallel. If the shafts 
need aligning the gage will touch only 
at the points of minimum distance; but 
if the shafts are parallel, the gage will 
“just touch” at both ends at every 
place of measurement. If one end of 
the gage is V-notched to fit over the 
shaft so that it will not slip off and the 
opposite end rounded, the gage can be 
handled more easily. 

Wooden gages are far superior to a 
cord because wood does not stretch or 
shorten according to the tension. Also, 
a light wooden stick can be handled 
with ease and certainty. It is even 
better than a steel tape, in that it is 
easier to get the exact distances be- 
tween the shafts. 

In almost any plant where much 
shafting is used, it is worth while to 
make a gage of this kind to keep on 
hand for use as a permanent tool. When 
fitted together with a tongue-and-groove 
joint the two pieces can be adjusted 
more quickly than without such a joint. 
However, two plain sticks will serve 
the purpose very well in an emergency. 
Newark, N. J. W. F. S. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 


How to Meet 
Emergency Demands for Brushes 
in the Repair Shop 


ARBON brush stock carried by 

various repair shops will be found 
to vary greatly. The larger shops 
often carry a large stock of special 
brushes ready to place in the machine, 
but the stock of special brushes kept in 
the small shop must necessarily be 
limited. However, it is important that 
the latter be able to meet most brush 
needs at short notice. Any repair shop 
will be helped greatly in meeting 
emergency demands by keeping in 
stock a few plates of carbon from 
which brushes of various sizes may be 
cut. These plates can be obtained 4 in. 
by 8 in. in size and of almost any 
thickness desired. Carbon stock can 
also be secured in rods of various diam- 
eters. 

Round brushes may, if necessary, be 
cut from plate or flat stock and if a 
little care is used they will be satisfac- 
tory in both appearance and service. 
In making a small round brush from 
flat stock, cut a square brush of the 
required length and a little larger than 
the diameter of the required brush. By 
cutting off the corners, an 8-sided or 
16-sided piece may be made, depending 
upon the size of the brush required. If 
a piece of sandpaper is folded over the 
brush and the latter turned, the sur- 
face will soon become round and 


smooth. J. P. COLLOPY. 
Fort Collins, Colo. 


Method of Reconnecting 
2, 200-Volt Synchronous Motor 
for 440 Volts 


OME time ago in the reconstruc- 

tion of an industrial plant all indue- 
tion motors, which previously had 
been connected for 2, 200 volts, had to 
be replaced by 440-volt motors or re- 
connected for this new voltage, where 
possible. Among those to be recon- 
nected was a synchronous motor. 

This particular motor was originally 
designed for 165 hp., 2, 200 volts, three 
phase, 41 amp., 900 r. p. m., 96 slots 
and 48 coils, or 16 coils per phase. 
Fig. 1 indicates how the coils were 
originally connected series-star. 

In reconnecting for 440 volts it was 
decided to use à composite delta-star 
connection, which is shown in the 
schematic diagram of Fig. 4, having 
three paths in the delta portion and 
five paths in the star portion. Using 
a 440-volt power supply the line cur- 
rent required is 41 (amp.) x 2,200 


(volts) — 440 (volts) = 205 amp. 
Since there are five paths in parallel 
the current in the star portion of the 
connection (that is, from A to E, B to 
F, or C to H) will be 41 x 5 = 205 
amp. Now the phase current in the 
delta portion of the connection (that is 
E to F, F to H, or H to E) must be 


the line current divided by v3, or 
205 + 1.73 = 118.4 amp. This por- 
tion of the winding, however, is cap- 
able of carrying 8 (paths) x 41 
(amp.) = 123 amp., from which it is 
seen that the current flowing in the 
winding is practically the same as it 
was before reconnecting the motor. 


The original series-star connection 
was changed to a delta-star com- 
bination. 


The original connections of the motor 
are shown in Fig. 1. The vector dia- 
gram in Fig. 2 shows the phase rela- 
tions and voltage across any two 
phases when reconnected. The sche- 
matic diagram of a four- parallel star 
connection in Fig. 8 indicates the pre- 
liminary steps in the new connection 
scheme. Fig. 4 shows the composite 
delta-star connection with three paths 
in delta and five paths in star, which 
was required for the new voltage. 


-Fole-phase groups 
d IN Series 


8¹ 


To find what the line voltage should 
be, let us refer to the vector diagram 
in Fig. 2. In the original connection 
of Fig. 1 tHe line voltage is 2,200 volts; 
so the voltage across each phase is 
2,200 — 1.73 = 1,271 volts and the 
voltage per coil is 1,271 + 16 = 79.4. 
In Fig. 4, we have two coils in series 
between B and F, (the star portion of 
the winding), the voltage is 2 X 79.4 
= 158.8, and since the delta portion 
between E and F is in phase with the 
star portion between B and F the volt- 
age from E to B is 2 X 158.8 = 317.6 
volts. However, AE which also repre- 
sents 158.8 volts is 120 deg. out of 
phase with EB; so these voltages must 
be added vectorially to find the total 
voltage across AB. If the diagram in 
Fig. 2 is carefully drawn to scale, it 
will be found by measuring that the 
voltage from A to B, B to C, or C to A, 
is nearly 415 volts, which is close 
enough to 440 volts for operation. 

An easy way to make this connec- 
tion is to draw the schematic diagram 
for the four-parallel star connection, 
as shown in Fig. 3, with equalizer con- 
nections at a, b, c. Now place the 
coils g, e, f, of Fig. 3 at g. e, f, in 
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Fig. 4 thus locating them between the 
line leads and equalizer connections 
and making five pole-phase groups in 
parallel. 

The star connection in Fig. 3 is now 
broken and the star leads connected to 
the equalizer lead of the adjacent 
phase, as shown at E, F and H of 
Fig. 4. This results in connecting the 
pole-phase groups between H and E, 
E and F, and F and H, to form the 
delta portion of the ae 


. L. STEVENS. 
New Westminster, B. C., Can. 


Method of 
Reinforeing Light Metal Tubing 
Before Welding 


MONG the miscellaneous repair 

jobs which the industrial main- 
tenance department is frequently called 
upon to handle, is the welding of broken 
steel and brass tubing. This is a 
troublesome job because the walls of 
the tubing are very light and melt 
quickly under the heat of the welding 
equipment. The result is an ever- 


enlarging hole. A method of over- 


Break-... ’ $ Inside diam. 
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Brass tubing. 
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Using an inside sleeve enables the 
operator to weld light tubing with- 
out burning the metal. 


coming this, as recommended by The 
Linde Air Products Co., New York 
City, is shown in the accompanying 
sketch. 

In this instance, when welding a 
piece of tubing 4 in. inside diameter, 
a short length of 34-in. tubing, outside 
diameter is slipped inside of it. This 
makes an inside sleeve which provides 
a backing for the weld. If acetylene 
welding is used, it is recommended that 
a %-in. bronze rod and a small flame 
with little heat should be employed on 
steel tubing, as the metal is thin. If 
the tubing is of brass, a 4-in. brass 
welding rod is recommended. 


— — 


Rewinding Job Simplified by 
Changing Coils 


UITE often in rewinding arma- 

tures, the construction of the coils 
is such that a large number of reels of 
wire are required. Many individual 
reels of wire require considerable floor 
space and, if the wire is small, much 
difficulty is encountered in the subse- 
quent handling of the coils throughout 
the various operations. The following 
discussion will describe how a good- 
sized order was obtained by carefully 
checking the coil construction and using 
a method of improving it. 

The armatures quoted on for com- 
plete rewinds were for 50-hp., 500-volt, 
series, d.c. motors, and the minimum 
number specified was 12 per year. We 
were allowed to inspect the armatures 
at the customer’s plant and upon asking 
for a sample armature coil, were given 
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one that had recently come from the 
manufacturer. Inspection showed that 
these armatures had 31 slots and 155 
bars and that each single coil was 
wound with two turns of three No. 14 
d.c.c. wires in parallel. Since there 
were five single coils per winding unit, 
each coil would require 15 reels of wire 
to wind it. The coils were of the 
diamond, mush or pulled type with 
leads on the bottom and three wires in 
one sleeve or six wires in each com- 
mutator neck. In each slot there were 
five single coils containing six wires 
each, or a total of 30 wires placed five 
wide and six deep. | 

The insulation on this sample coil 
consisted of one and one-half turns of 
0.01-in. treated cloth wrapper in the 
slot cell on the top and bottom sections 
of the coil. The outside cotton tape 
was 0.007 in. by ł in., which was wound 
half overlapped over the entire coil. 
Before pulling the coil into shape, 
0.004-in. fiber strips were placed 
between each single-coil layer of six 
wires; then the coil was pressed and 
pulled. A layer of 0.00 45-in. by in. 
cotton tape was applied sparingly on 
the ends of the slot sections and the 
coils were brushed with shellac, to hold 
the wires in place. The sleeving was 
tied at the end of the slot section with 
twine. 

This customer had been rewinding 
his own armatures but the winding 
foreman found that they always had 
trouble in doing it. As the crossed 
wires in the coil ends were large, the 
necessary pounding to get them in 
place often shorted the turns. These 
motors were worked hard, quite often 
carrying considerable overload for a 
number of hours; consequently, a re- 
wind did not last very long. 

The first step in figuring for the job, 
was to find a way to reduce the number 
of wires in hand and to stiffen the coil. 
This led to the consideration of a rib- 
bon wire which would have the same 
bare copper thickness as before, in 
order that the same size of slot could 
be used in the commutator necks. 
Accordingly, the copper would have to 
be 0.064 in. thick and not wider than 
3 X 0.064 = 0.192 in., which would 
require at least 10 per cent more 
copper. 

On checking a local supply house, it 
was found that they had only a stock 
size of 0.064-in. by 0.182-in. bare wire 
having 14,100 cire.mils area on which 
we were able to obtain quick delivery. 
Now, the three 0.064-in. wires in par- 
allel had an area of 3 x 4,100 or 12,300 
circ.mils; then the 0.064-in. by 0.182-in. 
wire had (14,100 — 12,300) ~ 14,100 = 
0.127 or 12.7 per cent more copper. 
Using the 0.064-in. by 0.182-in. d. c. e. 
ribbon wire meant that only five reels 
of wire would be required in place of 
the 15 which were used formerly, and 
the coil ends could be kept solid and 
square. By spacing the finishing tape 
in the slot section, we were able to use 
a 0.015-in. fishpaper insulation between 
turns in the slots and also around the 
rear of the loops, in addition to a 13- 
turn mica and fishpaper wrapper. 

The customer approved the new 
winding, as was expected, and the 
number of rewinds per year were de- 
creased as a result of the different coil 


construction. A. C. ROE. 
Wilkinsburg, Pa. 
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Method of Cutting 
Mica Segments to Save Time and 
Waste of Material 


HEN making mica segments for 

repairing commutators the usual 
practice is to take a rectangular piece 
of mica the approximate length and 
width of the segment, and laboriously 
shape it with a hacksaw and file. It is, 
of course, necessary to saw and file 
the dovetails to shape, but a saving in 
mica and labor on radial-type commu- 
tators is made possible by cutting two 
segments at one time with the square 
shear, usually found in a repair shop. 
Diagram A in the accompanying illus- 
tration shows the new method of cut- 
ting out segments, while B indicates 
how it is usually done. 

After the mica has been cut into 
rectangular shape of sufficient size for 
two segments, the gage on the square 
shear is set the right distance from the 


The segments are laid out and cut 
as shown in 4 


B indicates the waste of material 
caused by cutting the segments in the 
usual manner. 


blade to form the body portion of the 
segment, and a cut is made approxi- 
mately the length of the wearing sur- 
face. It is best to block the blade of 
the shear so that it will not cut off the 
riser portion of the segment. This can 
be done with a wooden block, or if there 
is much cutting to be done it is better 
to make an adjustable stop with a screw 
fitted into the bottom of the blade guide. 
It will be necessary to experiment a 
little with some scrap pieces of mica to 
determine the amount of blocking re- 
quired. One will find it better to have 
the slit too short than too long as the 
radial portion must not be cut into or 
it will break off. The mica strip is first 
cut the length of the wearing surface 
as outlined on one segment, and then 
reversed and cut from the opposite side 
for the other segment. The small strip 
between the two segments should be cut 
with a pair of hand snips; this will 
separate the segments and the balance 
of the strip may be removed by cutting 
the proper distance from the end of the 
segment to make the radial portion. 
This method has the advantage of 
giving a straight cut edge which is 
practically impossible to make with a 
hacksaw. It will also be noted that 
there is quite a saving in the amount of 
mica required by the new method in 
comparison to the old method of mak- 
ing one at a time. None of the manu- 
facturers of mica plate recommend cut- 
ting it with square shears, but my 
experience has been that the damage 
done to the segment is negligible. 
Cleveland, Ohio C. B. KEcK. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Cast Aluminum Floodlight with 
Chromium Reflector 


HROMIUM-PLATED reflecting sur- 

face, light-weight and airtight con- 
struction are the outstanding character- 
istics claimed for the new cast aluminum 
floodlight manufac- 
tured by the West- 
inghouse Electric & 
Manufacturing Co., 
East Pittsburgh, Pa. 
This floodlight, it is 
stated, is particu- 
larly well adapted to 
railroad, roundhouse 
and industrial plant 
use. The chromium- 
plated surface of the 
reflector, according 
to the manufacturer, 
lengthens the life of 
the reflector and is 
economical because 
it eliminates the ne- 
cessity of delicate 
care that is essential 
with other types of l 
surface; it is possible to wipe off dust 
with gritty waste and still not damage 
the reflector. The chromium-plated sur- 
face has high reflecting properties, will 
not tarnish or break and is not subject 
to corrosion from either sulphur fumes 
or water vapor. 

One of the features of this new flood- 
light is its light weight, with its rugged 
and sturdy construction. This floodlight 
is practically airtight and weatherproof 
and so prevent moisture and dirt from 
entering. This feature is obtained by 
sealing the lamp and reflector chamber. 
In this way the initial efficiency is main- 
tained over long periods of time with- 
out any great upkeep costs. 


Large Portable Universal Saw 


e walkce of the new, 
large Wallace Portable Universal 
Saw has been announced by J. D. Wal- 
lace & Co., Chicago, Ill., as the latest 
addition to this company’s line of 
portable woodworking machines. ; 

This is a portable floor type of uni- 
versal circular saw that combines ad- 
vantages of the portable bench machine 
and the self-contained floor type. The 
one-way castors make it easy to move 
from one department of the shop to 
another. The motor and all working 
parts are built into the upper portion 
with the table and fences; thus the 
top part is a complete, self-contained, 
bench-type saw when lifted off the reg- 
ular stand. When it is desired to take 
the saw out on a job, and it is not con- 
venient to take the regular cast-iron 
stand, the saw can be taken without 


its base, and placed on any substantial 
wooden stand that can be easily made 
in any shop. 

A high-grade, constant-speed, 1-hp., 
three-phase motor is directly geared to 
the saw spindle, thus eliminating belts. 
Ball bearings on the motor are pro- 
vided with an adjustment for taking 
up any play. Saw spindle bearings 
and gears are automatically lubricated 
by a splash oil system. 

This machine, it is stated, is designed 
to handle small and delicate work ac- 
curately, safely and quickly, and yet is 
rugged and powerful enough to cut 
rapidly 2ł in. stock. Utilizing the 
various adjustments it is also capable 
of cutting compound miters, grooves j 
in. wide and 1 in. deep, moldings, 
groove-and-tongue, and so on, by 
means of a special dado head. To cut 
various angles the saw is tilted up to 
45 deg., instead of the table, so that 
the operator is always working on a 
table that remains in a_ horizontal 
position. 


Exhaust Fan for Conveying 
Fine Material 


XHAUST fans of an improved 

type for conveying finely divided 
materials by means of air have been 
placed on the market by the Connecti- 
cut Blower Corp., Hartford, Conn. The 
principal features of the design are 
shown in the accompanying illustra- 
tion. Instead of the inlet being placed 
at the center of the wheel, it is placed 
near the periphery of the rotor and 
adjacent to the outlet. A flare in the 
inlet pipe toward the discharge opening 
is also provided. The result is that 
the material conveyed by the air is dis- 
charged immediately without being 
passed through the wheel and around 
the casing. The purpose of this ar- 
rangement is to reduce the wear on the 
wheel and the housing and clogging or 
unbalancing of the blades. 

Each wheel contains 16 blades that 
are riveted to a steel cone and a heavy 
hub. The air set in motion by the 
rotor rushes past the projected suction 
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opening and creates a suction therein 
and simultaneously pushes the ma- 
terial-laden air toward the outlet. The 
combined effect is sufficient to produce 
a pressure of 12 in. of water in the 
discharge pipe, according to the manu- 
facturer. 

The fans are constructed almost en- 
tirely of steel. The belt-driven models 
are equipped with double-row, self- 
aligning ball bearings. Direct-connected 
motor types may also be obtained. The 
fans are made in 11 sizes, either single 
or double, with inlet diameters ranging 
from 9 to 33 in. The smallest single 
rotor fan weighs 220 Ib.; the largest 
double-rotor fan weighs 2,200 lb. The 
fans are reversible and the inlet and 
discharge connections may be arranged 
in various positions; also they may be 
mounted on the floor or bolted to the 
ceiling. It is stated that the fan will 
handle any material that can be con- 
veyed by air. 


New Disc Clutches 


ANUFACTURE of a new disc 

clutch has been announced by the 
Edgemont Machine Co., Dayton, Ohio. 
This clutch, which is known as type E, 
is of the dry-plate 
type and is lined 
with renewable 
woven-asbestos me- 
tallic liners. The 
clutch is fully en- 
closed with the ex- 
terior completely 
finished. According 
to the manufac- 
turer, there is a 
single adjustment 
from the outside which is made by 
loosening a screw in the yoke, turning 
the adjuster one notch, and then tight- 
ening the screw. It is stated that a 
uniform adjustment is made with the 
result that the load is evenly dis- 
tributed. The levers have roller cam 


4 


contact which makes for easy operation 
and the elimination of wear. They 
are so designed, it is said, as to re- 
lease instantly at all speeds. 

This clutch is particularly adapted 
for machine applications, high-speed 
operation and on group drives. The 
new clutch is being made in a complete 
line of pulleys, extended sleeves and 
cut-off couplings with slotted cams, or 
cams for operating through the shaft. 
The accompanying illustrations show a 
clutch pulley with cast-iron oil sleeves 
(above) and a cut-off clutch coupling. 
These clutches are equipped with Fafnir 
transmission ball bearings, Hyatt roller 
bearings and cast-iron and bronze oil 
sleeves. 


July,1926 
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Standardized Drum 
Controllers 


EW, completely standardized lines 

of drum controllers embodying 
new features of construction and com- 
prising units for general purpose, crane 
hoist, or machine tool applications, for 
either direct or alternating current, 
have been announced by the General 
Electric Co., Schenectady, N. Y. In 
each group several sizes have been pro- 
vided to cover a wide range in motor 
ratings; the small sizes are suitable for 
wall mounting and those for larger 
motors, for floor mounting. 

A number of distinctive advantages 
are claimed for the new line. One of 
the particular features is in the me- 
chanical construction, a skeleton type of 
frame being used. This consists of a 
cast cap plate and base to which are 
hot-riveted rectangular steel bars, thus 
making it unnecessary, it is said for 
the back of the switch to function as a 
framework for holding the top and bot- 
tom of the switch together. As a re- 
sult, the switch is accessible from. both 
back and front for the purpose of mak- 
ing adjustments and renewals. 

Another feature, said to be particu- 
larly valuable in crane service, is the 
interchangeability of operating handle 
mechanisms. A vertical operating lever 
or a spring return mechanism may be 
substituted for the horizontal lever with 
which the switch is equipped by using 
another dial plate. 

New style, self-aligning contact fin- 
gers are used. By standardizing the re- 
newable copper tips for all switches of 
the same capacity, renewal stocks will 
be reduced to a minimum. Where cross- 
arcing is likely to occur, preventive bar- 
riers and blowouts are provided. Aux- 
iliary contact fingers are provided for 
control circuits to the line protective 
switch. The arrangement of those cir- 
cuits is designed to suit the service 
requirements of the installation. 
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Electric Chain Hoist 


NNOUNCEMENT is made that the 
Yale & Towne Manufacturing Co., 
Stamford, Conn., has recently extended 
its line of electric chain hoists by the 
addition of the model B-20. This unit 
is built in capacities of 4 to 2 tons and 
is designed to provide for close head- 
room, long lift, higher speeds and 
greater over-all strength than are found 
in the former models built by the com- 
pany. 

The suspension member of the hoist, 
according to the manufacturer, is cen- 
tralized to give a balanced load on the 
trolley wheels and hoisting unit, irre- 
spective of the load position. The side 
plates of the trolley carriage can be 
spaced to fit the desired beam flange. 

The hoist mechanism is inclosed in 
an oil-tight chamber and is said te be 
readily accessible for inspection and 
repairs. The load sheave is carried on 
large chrome-vanadium steel ball bear- 
ings and is bronze-bushed for the driv- 
ing pinion, which is machined from a 
single drop forging and heat-treated. 
All gears, pinions and bearings are 
splash-lubricated. 

Chain containers can be furnished to 
hold any length of slack chain up to 
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60 ft. for the hoists up to 1-ton capac- 
ity, and up to 30 ft. for the 2-ton hoist. 
These containers are secured to the 
underframe of the hoist and do not af- 
fect the headroom. 


Dust-Proof Meter Case 


A ONE-PIECE, mahogany-veneered, 
Micarta, portable meter case has 
been designed by the Westinghouse 
Electric and Manufacturing Co., East 
Pittsburgh, Pa., for standard watt-hour 
meters. This case is said to be strong, 
to resist acids and is of dust-proof con- 
struction. It is made in one piece with 
its inner layers of the same Micarta 
that is used for industrial gears. A 
tightly fitting, nickel-plated brass ring, 
lined with felt prevents any dust from 
entering the box once the meter is in- 
serted. A lid of the same finish as the 
box protects the meter when it is not 
in use. 


Large Capacity Melting Pot 


"Lee line of melting pots manufac- 
tured by Harold E. Trent, 250-251 
N. Lawrence St., Philadelphia, Pa., has 
been extended to include a 45-lb. pot 
controlled by a three-heat switch and 
separable plug connection. This pot, 
which is shown in the accompanying 
illustration, has been adapted not only 
for ladle and dipping work, but also for 
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pouring, as a spout and handle are 
part of the standard design. 

The pot, it is stated, is suitable 
wherever solder, babbitt, tin or lead is 
melted, and where rapid, economical 
heating and sturdy construction are a 


necessity. 
— ü — 


Oil-Filtering Equipment 


QUIPMENT for filtering and re- 

moving water from transformer oil 
or any other oil from which it is im- 
portant that all water be removed, has 
been announced by Wm. W. Nugent & 
Co., 410-412 N. Hermitage Ave., 
Chicago, III. It is stated by the man- 
ufacturer that this filter may be cleaned 
or inspected without stopping the con- 
tinuous filtering process. For cleaning 
or inspection the filter bags may be 
drawn out at the front of the filter, in 
a manner similar to removing a drawer 
from a desk. Doors in the front of the 
cabinet may be opened and the filter 
bags completely exposed. 

Another new type of filter is designed 
to clean any kind of lubricating or cut- 
ting oil that is free from water. It 
consists of a series of filter-cloth bags 
suspended from a suitable rack. A 
steam pipe or electric coil heats the 
dirty oil as it enters so as to reduce 
the viscosity and thereby increase the 
rapidity of the separation of the foreign 
matter. The filtering process is con- 
tinuous. 

The bags may be quickly removed by 
raising the cover and lifting the frame 
off the rack. They should be washed in 
hot soapy water or kerosene. An auto- 
matic bell alarm notifies the operator 
when the bags require cleaning. 

This type of filter is made in 27 sizes 
ranging in capacity from 40 to 2,000 
gal. per hr. and employing from 1 to 40 
bags. The filtering surface ranges 
from 7 to 336 sq.ft. The over-all di- 
mensions for the smallest size, which 
weighs about 200 lb., are 17 in. by 273 
in- by 46 in. 


oe 


New Switchboard Fixtures 


eh line of adjustable supports 
for wiring installations for per- 
manent or temporary work, and which 
may be used on timber, masonry, struc- 
tural steel or pipe framework, has been 
placed on the market by the General 
Electric Co., Schenectady, N. Y. The 
rods, of 4-in. cold-rolled steel which 
may be cut to any length, are used with 
two forms of supports: the wedge- 
shaped castings for pipe, or a slotted 
casting to fit the edge of I-beam 
flanges. A clamp in the form of an 
elongated U (a short piece of strap 
iron turned up at the ends) is used to 
clamp the rods to the supports. This 
clamp is also used in clamping ap- 
paratus to the rods. The slotted cast- 
ings for I-beam flanges may also be 
used on flanges of most of the conven- 
tional structural steel shapes. The sup- 
port is fixed in position by means of a 
setscrew, which also allows the ready 
removal of the support at any time. 
By substituting lagscrews and round 
spacers in place of the supports the 
fixture may be used in wooden timbers 
or planking. Expansion bolts and 
spacers adapt the fixture to brick, con- 
crete or other masonry. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Tachometers— Catalog 1120 describes 
the Frahm vibrating reed tachometer 
for indicating speeds of 800 to 12,000 
r.p.m.—James G. Biddle, 1211-13 Arch 
St., Philadelphia, Pa. 


Oil Circuit Breaker Circular GEA-62 
describes the type FK-32-C oil circuit 
breaker for 7,500 volts, 1,200 amp., and 
the type FKR-32-C for 15,000 volts, 600 
and 800 amp.—General Electric Co., 
Schenectady, N. Y. | 


Inductive Time-Limit Controllers 
Publication C-34, third edition, devotes 
24 pages to descriptions and numerous 
illustrations of C-H inductive time- 
limit controllers in steel mill service.— 
The Cutler-Hammer Mfg. Co., Milwau- 
kee, Wis. 


Gravity Belt Tightener—A circular 
describes the U.G. automatic belt con- 
tactor and other lines of power trans- 
mission equipment manufactured by 
this company.—T. B. Wood’s Sons Co., 
Chambersburg, Pa. 


Motor-Driven Pumps and Compres- 
sors — Bulletins describe the direct- 
connected, synchronous’ motor-driven 
air compressors and turbine-driven, 
multi-stage centrifugal pumps.—Penn- 
sylvania Pump & Compressor Co., 
Easton, Pa. 


Leather Belts A circular gives state- 
ments on belt operation from users of 
Rhoads Tannate and Watershed Tannate 
belts.—J. E. Rhoads & Sons, 35 N. 6th 
St., Philadelphia, Pa. 


Socket Wrenches — Catalog 326 de- 
scribes the line of Blackhawk socket 
wrenches and hand- operated tool 
grinders.— Blackhawk Mfg. Co., 148 
Broadway, Milwaukee, Wis. 


Are Welding— Bulletin 133 describes 
the lines of Burke variable-voltage and 
constant-potential arc welders.— Burke 
Electric Co., Erie, Pa. 


Pressure Grease Gun — A eircular 
illustrates and describes the use of 
Adams grease guns which may be pro- 
vided with fittings for use with the 
Alemite, Dot or Zerk systems of high- 


pressure lubrication. Adams Grease 
Gun Corp., 329 Fifth Ave., New 
York, N. Y. 


Resistance Thermometers—Catalog 92 
describes the line of Brown resistance 
thermometers for measuring tempera- 
tures from minus 300 deg. F. to plus 
1,000 deg. F. and the line of indicating, 
recording and controlling equipment.— 
The Brown Instrument Co., Philadel- 
phia, Pa. 


Distribution Transformers — Bulletin 
2052 describes the Pittsburgh single- 
phase and polyphase distribution trans- 
formers. Bulletin 2053 gives some of 
the advantages claimed for the Pitts- 
burgh polyphase distribution trans- 


formers.—Pittsburgh Transformer Co., 
Pittsburgh, Pa. 


Potheads—Catalog 26 contains 208 
pages and illustrates and describes not 
only the G. & W. equipment but the 
method of installing this company’s 
line of potheads, underground boxes, 
distribution specialties, cable terminal 
devices, insulating compounds and cable 
splicing material—G. & W. Electric 
Specialty Co., 7776-84 Dante Ave., Chi- 
cago, III. 


Panel Boards—Section 4 of Catalog 
13 describes a line of panel boards and 
accessories manufactured by this com- 
pany.—The Trumbull Electric Mfg. Co., 
Plainville, Conn. 


Conveying Equipment—A folder illus- 
trates and describes the lubricated- 
gear countershaft box end for Caldwell 
helicoid and sectional flight screw con- 
veyors.—H. W. Caldwell & Son Co., 
1700 S. Western Ave., Chicago, III. 


Variable-Speed Transmission—Cata- 
log T-66 describes the various sizes and 
construction of the Reeves variable- 
speed transmission. A large number of 
installations are pictured.—Reeves Pul- 
ley Co., Columbus, Ind. 


Industrial Signals—Visual and au- 
dible signals for every industrial pur- 
pose are described in the new 16-page 
booklet entitled, “Benjamin Industrial 
Signals.” Twelve different signaling 
circuits are shown and numerous other 
applications described.——The Benjamin 
Electric Mfg. Co., 120 S. Sangamon 
St., Chicago, III. 


Flexible Coupling — Bulletin 103 de- 
scribes the line of Clark flexible cou- 
plings which, it is stated, are fitted to- 
gether without bolts or serews and do 
not require oil or grease. It is also 
stated that they have liberal provision 
for angular and parallel misalignment 
and take care of end float.— The Clark 
Controller Co., 1146 E. 152nd St., Cleve- 
land, Ohio. 


Speed Reducers—A catalog describes 
the complete line of Pittsburgh worm, 
spur, herringbone and spiral bevel her- 
ringbone speed reducers in any ratio 
for giving straight-line, right-angle, or 
vertical drives. — Philadelphia Gear 
Works, Richmond and Tioga Sts., Phila- 
delphia, Pa. 


Gears and Speed Reducers—Catalog 
200 is a 600-page handbook and con- 
tains, in addition to the regular cata- 
log material on gears and IXL speed 
reducers, a considerable amount of en- 
gineering information on this equip- 
ment, together with mathematical 
tables and engineering information on 
mechanical engineering subjects.— 
Foote Bros. Gear & Machinery Co., 215 
North Curtis St., Chicago, III. 
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Electrical Equipment — Frequently 
issued, small, pocket-sized catalogs, 
list and describe the various units of 
new and rebuilt electrical equipment 
on hand.—The Fuerst-Friedman Co., 
1292 E. 53d St., Cleveland, Ohio. 


Conveyors—Catalog 5 of the series 
entitled, Wherever Conveying Is 
Done,“ is devoted principally to illustra- 
tions and descriptions of installations 
of Brown portable elevators and Stand- 
ard tiering machines for piling and 
handling packages.—Standard Conveyor 
Co., North St. Paul, Minn. 


Safeguards—A catalog illustrates and 
describes a number of safeguards and 
approved safety equipment for wood 
and metal-working machinery, belt 
guards and other safety devices.—The 
Surty Mfg. Co., Inc., 4127-4139 W. 
Kinzie St., Chicago, III. 


Industrial Paint —A circular entitled 
“More Light” describes the use of 
Barreled Sunlight in industrial plants. 
Another circular gives architects’ and 
engineers’ specifications for the paint- 
ing of various interior surfaces with 
Barreled Sunlight.—U. S. Gutta Percha 
Paint Co., Providence, R. I. 


Choke Coils—Bulletin 117 gives di- 
mensions for both light- and heavy- 
duty outdoor choke coils. — Electrical 
Engineers Equipment Co., Chicago, III. 


Portable Woodworking Machines— 
Catalog 403 devotes 40 pages to de- 
scribing and illustrating the line of 
Wallace portable woodworking machin- 
ery for use in maintenance and repair 
shops, pattern making, cabinet work 
and other lines —J. D. Wallace & Co., 
134-158 S. California Ave., Chicago, III. 


Portable Volt-Ammeter — Circular 
GEA-305 describes the type DS-2 direet- 
current, portable volt-ammeter which is 
made in various ranges for general 
testing purposes.—General Electric Co., 
Schenectady, N. Y 


Ball-Bearing Pulleys—A circular de- 
scribes the Pyott ball-bearing loose pul- 
leys.—Pyott Foundry Co., 328 No. San- 
gamon St., Chicago, III. 


Oil Circuit Breakers — Special publi- 
cation 1643-A describes the application 
of oil circuit breakers, the determina- 
tion of short-circuit currents, the pre- 
cautions necessary, and devotes a num- 
ber of pages to tables and charts.— 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 


Pyrometers—Catalog 15 describes the 
line of Brown pyrometers for the meas- 
urement of high temperatures, illus- 
trates a number of the recording charts 
used, describes their installation, and 
gives other valuable information on the 
use of this equipment.—Brown Instru- 
ment Co., Philadelphia, Pa. 


Pneumatic Conveying — Bulletin 514 
illustrates the use of the Dracco pneu- 
matic conveying system for unloading 
and conveying soda ash and sand in a 
large soap manufacturing plant.—The 
Dust Recovering & Conveying Co., Har- 
5 Ave., and E. 116th St., Cleveland, 

io. 


Time Limit Attachment — Bulletin 530 
illustrates and describes the operation 
of the Roller-Smith direct-acting, time- 
limit attachment for standard type cir- 
cuit breakers.—Roller-Smith Co., 238 
Broadway, New York, N. Y. 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


Founded 1882 as McGraw-Hill Publishing Company, Inc. 
The Electrical Review August, 1926 New York, N. Y. 


T IS IN LINE with modern progress 

that material should be handled, 
moved from department to depart- 
ment, by the quickest and most eco- 
nomical methods. 
Could you ask more than Standard 
Gravity Conveyors offer — gravity as 
power, a minimum of human labor and 
faster conveying? 


STANDARD CONVEYOR CO. 
N. St. PAUL MINNESOTA 


INDUSTRIAL ENGINEER 


Vol.84, No.8 


100 H. P. Texrope Drive with 
Allis - Chalmers induction motor 


Texrope Drives 
The Balloon Tires of Industry 


Like balloon Tires, Texrope Drives carry the 
loads without transmitting the shocks and jars. 
They are smooth and flexible, yet slipless, power- 
ful and durable. In addition, they are silent, clean, 
simple, trouble-proof and not affected by moisture, 
dust.and dirt. 


Just as balloons are replacing high pressure, un- 
yielding tires, Texrope Drives are replacing un- 
flexible short center drives and space wasting long 
center drives thruout industry. 


Write for Bulletin 1228-C 
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District Offices in All Leading Cities 


MILWAUKEE, WIS. Uo So Ale 


PRODUCTS: 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 
Oil Engines 
Hydraulic Turbines 
Pumping Engines 
Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
- Flour Mill Machinery 
Saw Mill Machinery 


Steam and Electric Hoists 
Farm Tractors 
Power Transmission Machinery 
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Applying a Bonus Plan to 
Maintenance Work 


4 [> BE adequately understood, 
any discussion of our bonus 
system as applied to our Main- 

tenance Department must neces- 

sarily include certain fundamental 
facts concerning our bonus as ap- 
plied to the direct work as a whole. 

Our maintenance problems are 
those of a manufacturing plant as 
opposed to an assembly plant, as we 
build all of our engines, axles, and 
transmissions and do all of the 
machining of the parts. We make 

a high-grade product, necessitating 

exacting work in our manufactur- 

ing divisions, which calls for the 
employment of highly-skilled labor. 

Our plant extends over an area of 

35 acres and has approximately 


By R. M. HIDEY 
Works Manager 
and 
HENRY HYLKEMA 

Plant Engineer, White Motor Company, 

Cleveland, Ohio 
1,600,000 sq.ft. of floor space, so that 
cur maintenance requirements are of 
a wide variety. 

In 1921, when the various produc- 
tion departments were put on a pro- 
duction bonus plan, it soon became 
evident that we could further our 


plans for the application of scientific 


management principles to our plant, 
by extending the production bonus 
plan to include the various units of 
indirect labor. To fully comprehend 
this application of our bonus system 


— 


Feen 
‘yen 2 ee 
CS JLE 


3rd ereas a 
pee oa 
at end ds 
ware ue Ba 
Si. ot One ee 


1 
rr 


‘oe 7 
€ 


* 
. 


Method of mounting lineshafts and 
drives is standardized 


Maintenance work can be done in less 
time when the mill-wrighting in the 
shop is standardized because the work- 
ers know from experience exactly how 
the work can be done easily and 
quickly and also anticipate the need 
for any necessary tools or supplies. 
Whenever a gang has to change a 
motor or lineshaft they can go pre- 
pared for the job and not have to “run 
back to the shop” several times for 
something that has been overlooked. 


to our Maintenance Department, 
however, we must first summarize 
the features of our bonus system as 
applied to our direct production 
departments. 8 

Under our plan, all jobs are classi- 
fied, so that jobs requiring equal 
ability and the same degree of skill 
will be paid equal bonus, regardless 
of the department in which they 
happen to be located. For the pur- 
pose of computing bonus pay all jobs 
are divided into ten elasses. Bonus 
Class 1 pays 25 cents for a standard 


8-hr. day at 100 per cent efficiency. 


Continuing in jumps of 25 cents per 
class per standard 8-hr. day, the 
bonus increases to $2.50 per standard 
8-hr. day for bonus Class 10 for 100 
per cent efficiency. 
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Bonus is paid only for good pieces 


which pass inspection. It is paid in 
addition to, and entirely independent, 
of hourly wages. We go so far as 
to pay our bonus in separate en- 
velopes so as to maintain this in- 
dependence, and to encourage the 
saving of the bonus money. | 

The worker begins to earn bonus 
when his efficiency reaches 60 per 
cent, and as his efficiency increases, 
his earnings increase proportionately 
as far as his skill and energy will 
permit him to go. Should he work 
less than the standard 8-hr. day, his 
bonus is computed on the same basis 
as for a full day, and he is paid 
bonus proportionately for the time 
he works, whether it be one hour or 
eight. l 

In studying the question of ap- 
plying a bonus system to our indirect 
labor, we naturally considered the 
fundamental principles underlying 
our production bonus plan. We be- 
gan consideration of its application 
to our Maintenance Department 


about three years ago, when our cost 
records began to show that the cost 
of our Maintenance Department per 
truck unit did not decrease with in- 


creasing truck production. Further- 
more, continuous production is de- 
pendent on continuous operation of 
equipment, and we wanted to put the 
maintenance of production equip- 
ment on as firm a foundation as that 
of production itself. These two facts, 
coupled with the constant requests of 
the maintenance men for a bonus 
system similar to that in the pro- 
duction departments, provided the 
impetus for our study of the situa- 
tion. 

Our maintenance group is organ- 
ized under the general supervision of 
the Plant Engineer, and under the 
immediate charge of the Master 
Mechanic. The group includes main- 
tenance proper, steam, air and power 
equipment, janitors and watchmen, 
yards and ways, garages, locomo- 
tives and cranes, refrigeration, and 
general. 

These plant services are usually 
the ones included in Plant Engineer- 
ing and are classified as indirect 
labor; they are seldom considered 
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Both the ċarpenter shop (left) and 
the sheet metal shop (right) are 
used for maintenance work only. 
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One of the activities of the Yards 
and Ways Department. 


Miscellaneous heavy work. such as 


moving machinery, can be handled to 
better advantage if good facilities are 
provided for doing it. In this case a 
truck with a winch is being used to 
pull a machine up the narrow shop 
aisle on rollers and out into the serv- 
ice bay onto a large sheet of steel 
which serves as a skid. Small ma- 
chines are often moved on lift truck 
platforms. The prospect of a bonus is 
an incentive to the men to use their 
initiative to speed up the job. 


as coming within that group of ac- 
tivities which can be estimated or 
predetermined closely enough to 
place on a time schedule or under a 
bonus system. 

However, we thought that our 
basic fundamentals were sound and 
determined to try to develop a bonus 
plan for the Maintenance Depart- 
ment. We decided that any plan 
adopted must consider those ele- 
ments of maintenance work which 
could be individually time-studied 
and placed on individual bonus as 
were all of our production jobs. 

This was the first step, and after 
an analysis had been made of all of 
the jobs in the Maintenance Depart- 
ment they were classified into two 
groups: first, those which could be 
individually time-studied and, sec- 
ond, those which seemed to be appli- 
cable to some sort of a group plan. 

We then started out to get as close 
an estimate of the general efficiency 
of that part of the Maintenance Di- 
vision as we could under the group 
plan and then devise a means of 
measuring this efficiency. We pro- 
ceeded in about this manner: We as- 
signed, for example, three trained 
time-study observers to study three 
plumbers. On alternate days each 
observer recorded everything which 
his man did during the day. In this 
way we obtained three independent 
observations of each plumber. 

The observers reported that on an 
average the plumbers worked about 
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70 per cent of the time. The re- 
maining 30 per cent was spent either 
in idle time or in unnecessary move- 
ment. In other words, we found 
that our plumbers at the factory 
were just about the same as those 
we call to our homes. They went to 
the job first and looked it over; then 
returned to their base of operation 
to get their tools. 

In general, investigations in a 
large number of plants by various 
authorities who have made a study 
of wage incentive plans, show that 
men working without extra wage in- 
centives will have an efficiency of 
about 50 per cent. The loss of 50 
per cent in efficiency is due to un- 
necessary or unplanned time, or to 
a poor method of doing the work. 
For the first two the men themselves 
are responsible, and for the last case 
the management is responsible. 
When we first adopted the bonus 
system in 1921, we made it a part of 
our job to see that adequate provi- 
sion was made to provide the proper 
equipment to perform the work by 
the very best methods. We have 
tried to adhere strictly to this policy. 

The procedure for plumbers was 
followed through for carpenters, elec- 
tricians and others to whom this 
method could be reasonably applied. 
Having determined the relative effi- 
ciency of the men in the main- 
tenance group, our next step was to 
ascertain the maintenance force re- 
quired for any given volume of pro- 
duction. 

The first step was to determine 
what were the minimum require- 
ments. For this purpose we assumed 
the plant to be shut down to zero 
production and boarded up for at 
least a year. Then by employing our 
judgment as to the reasonable pre- 
cautions required for adequately 
protecting our property under these 
conditions, we figured out the num- 
ber of men necessary to keep on our 
maintenance payroll. Both winter 
and summer schedules were set up to 
take care of the difference in the 
number of men required during win- 
ter as compared to those necessary 
during the summer. The summer 
schedule begins with the first of May 
and ends with the last day of Sep- 
tember. The winter schedule covers 
the other months. 

Without going through the details 
of determining the number of watch- 
men, carpenters, clean-up men, and 
others necessary to guard the plant 
and care for the small office force 
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One end of the electrical repair 
shop. 

Extensive rewinding jobs are prac- 
tically all sent outside. Motors are 
handled more easily and quickly by 
putting them on platforms and moving 
them with a lift truck. All motors are 
provided with a pulley which will give 
the proper reduction to the standard- 
ace lineshaft speed anywhere in the 
shop. 


necessary under the conditions out- 
lined, the net results were that we 
found we would require a force of 
40 men in summer and 44 men in 
winter. 

By making use of our records 
of different maintenance forces 
employed at various production 
schedules, we then worked out a 
curve which gave us the man-hours 
required for almost any rate of pro- 
duction. This, of course, was with 
our maintenance men working at 100 
per cent efficiency. Correlating all 
of our information, we obtained the 
maintenance man-hours applicable 
to a single truck unit. Adjusting 
this figure again for gross plant op- 
eration, figured at 80 per cent effi- 
ciency, we now had a figure which 
represented the maintenance man- 
hours required to produce a truck 
unit. 

With the information now avail- 
able, it was a simple matter to in- 
corporate our findings in a table 
which represents man-hours at 
various efficiencies required to main- 
tain various production schedules. 
This table is the basis for figuring 


all bonus pay. 


It was evident that to obtain the 
largest saving possible it would be 
necessary to secure co-ordination and 
co-operation between all of the men 
in the maintenance group. The func- 
tions and activities of this group are 
so overlapping that it was not 
feasible to attempt to make any fine 


bonus slips weekly. 
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distinctions as to proper division of 
work. For this reason it was de- 
cided to make the group large and 
include all of the divisions of the 
Plant Engineer’s group in our bonus 
calculations. This gave not only each 
group but also each member of each 
group a definite incentive to co-op- 
erate and co-ordinate his work with 
that of the others. Therefore, on 
January 1, 1924, we put our main- 
tenance department as a whole on 
the bonus plan. 

A certain few details merit some 
explanation at this time. The discus- 
sion following, or preceding, how- 
ever, cannot be considered exhaustive. 
This discussion as it is written is 
designed to be of general interest. 
With this in mind, then, certain de- 
tailed information essential to put- 
ting such a plan into effect has been 
omitted as not properly belonging to 
considerations only of general in- 
terest. 

It is of interest to know, however, 
that new construction work which 
does not exceed 10 per cent of the 
allowance in standard hours for all 
maintenance work, must be included 
with this department’s regular activi- 
ties. New construction work exceed- 
ing the 10 per cent allowance is 
handled through contracts with out- 
side concerns. -| 

Bonus for janitors, scrub women, 
and others whose work can be time- 
studied by ordinary time study 
methods, is figured daily. Each per- 
son receives an individual bonus slip 
on which, along with other informa- 
tion, is recorded his efficiency and 
exact bonus pay for the previous day. 
Those who are subject only to group 
performance records, receive their 
These short 
bonus periods give the worker a fre- 
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quent reward which, it has been our 
experience, goes a long ways toward 
sustaining interest in the bonus—if 
such were needed. 

Formerly about all our watchmen 
did was to attend strictly to their 
duties as watchmen, but since they 
have been included in the bonus 
group we have noticed one watch- 
man who secured a broom and now 
keeps the sidewalks swept for about 
100 ft. on each side of his shanty. 
We waited with interest to see what 
he would do in winter and, sure 
enough, he kept the snow shoveled 
off all during the winter. In this 
way the man who otherwise would 
have to keep the walk clean, is left 
free to put in his time profitably 
elsewhere. 

A good example of the manner in 
which our bonus system has inspired 
increased efficiency is in the case of 
our painters. Painting, being an 
operation which can be time-studied, 
was placed on bonus on a time-area 
basis. In establishing this, con- 
sideration was given to the different 
types of work, such as the location, 
structure and amount of time re- 
quired to cover and uncover the ma- 
chinery or floor. Practically all of 
the painting work is done by the use 
of an air gun. We paint the interior 
of our factory on an average of about 
once in every three years. As our 
factory buildings are practically all 
single-story structures, much of the 
ceiling painting is in saw-tooth roofs. 
To help the men in their work we 
have devised an extension arm about 
8 ft. long to which the gun is at- 
tached and operated by a wire. This 
enables the painter to spray almost 
the entire ceiling with a minimum 
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amount of scaffolding or staging. The 
saving in time which resulted from 
this was, of course, taken into con- 
sideration in determining the stand- 
ard time for the work. 

However, the painters themselves 
showed ingenuity in devising methods 
of increasing their efficiency. For 
example, it had been the practice to 
stage or climb up into the peak of the 
saw-tooth and hang a canvas over 
the windows to prevent the spray 
settling on the glass. They have now 
fastened the canvas to a rod like a 
curtain and push it up into the peak, 
where it is held in position by up- 
rights cut to the proper length. This 
protects the windows. Also, it was 
frequently necessary for the men to 
cover machines or stock to prevent 
spray from settling on them. Now, 
however, they suspend the canvas 
from the ceiling in much the same 
manner as is done to protect the 
windows, thereby increasing their 
efficiency considerably. 

A question which we are fre- 
quently asked is, “If the men re- 
ceive a bonus on the saving of time 
on a job, what is there to prevent 
them from rushing it through as 
quickly as possible, even though they 
might know that a few minutes 
saved now will mean more minutes 
in repairs later?” It has been our 
policy to retain men in our employ 


ae 


This view shows a section of the 
pipe shop at the White Motor Com- 
any. 

One of the important wastes of time 
under the former plan was caused by 
unnecessary trips between the shop 
and the job. When the men are work- 
ing under a bonus plan ey antici- 
pate their needs and make fewer trivs, 
which gives them much more time for 
productive work on the job. 
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regularly. We take considerable 
pride in the service records of our 
employees. The men know or soon 
find out that it is not the single job 
which they do that gives them their 
bonus, but the accumulated savings 
on many jobs through a long period 
of time. They expect to be on the 
job a month or a year from today 
and so they do not want to risk the 
chance of losing their bonus at that 
period through false economy now. 
Maintenance and service must come 
first and the bonus will follow 
naturally. 

When a bonus plan of this sort is 
in effect, the men object strenuously 
to hiring extra help unless they see 
that it is absolutely necessary. This 
is because the extra man-hours will 
go into the total hours worked, to 
compare against the standard hours. 
This, of course, decreases the de- 
partmental efficiency, and so de- 
creases their individual bonus. Thus 
each man has a definite incentive to 


do as much work as possible him- 


self, and to keep the number of men 
in the department down to a mini- 
mum. The men soon notice if one of 
their members does not put in his 
best efforts. In such a case they do 
not hesitate to let him know about 
it, thus taking care of the situation 
themselves. 

The work of the Yards and Ways 
Department is very hard to schedule. 
It also varies largely with produc- 
tion and, therefore, has been in- 
cluded in a general plan on the 
unit production basis. Many novel 
methods of moving heavy machinery 
have been inaugurated, one of which 
is shown in an accompanying illus- 
tration. 

In the final analysis, before the 
efficiency of watchmen, maintenance 
men and others whose efficiency can- 
not be computed on a time area- 
basis can be calculated, the efficiency 


of those whose work can be so 


measured is computed. Then the 
standard hours allowed and the actual 
hours required for the work of jani- 
tors, painters, and so on, are sub- 
tracted from the respective figures 
for the whole maintenance group. 
The remaining figures for standard 
hours allowed and actual hours re- 
quired are the basis for computing 
the efficiency of watchmen, mainten- 
ance men and others whose work is 
dependent on the efficiency of the 
whole group. 

It is apparent that janitors, 
painters, and so on, have an indi- 
vidual incentive for reaching a high 
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efficiency, because they are paid ac- 
cording to their individual perfor- 
mance. There is also a definite in- 
centive for watchmen, maintenance 
men and the others to help them 
with their work and to help them cut 
down the number of men, because 
the efficiency of the former is de- 
pendent upon the efficiency of the 
latter. 

A discussion such as this nor- 
mally inspires two questions: First, 
is the plan successful and, second, 
to what is its success attributed? We 
regard the plan as successful. It 
has been a distinct benefit to the 
workmen and has been an aid to the 
management. 

In substantiation of the state- 


ment that it appeals to employees, 


little more need be said than that it 
provides them increased wages, good 
working conditions, steady employ- 
ment, and a chance for individual 
recognition. 

At the time of the first pay period 
after its installation the efficiency of 
the group was 67 per cent, from 
which point it has gradually risen to 
an average well above 90 per cent. 
This department itself is somewhat 
responsible for working conditions, 
and. with the incentive provided for 
doing their work, naturally these 
conditions have been very much 
improved. 

Unusually low labor turnover tes- 
tifies to the steady employment which 
the system assures. And in the sep- 
arate envelope in which bonus is paid 
semi-monthly, each man receives in- 
dividual recognition of his work dur- 
ing the previous period. 

One of the chief features of our 
bonus system is that the supervising 
heads of departments and the group 
heads, as well, receive a bonus pay 
based directly on their departments’ 
efficiency. Naturally this gives them 
ample incentive to keep their effi- 
ciency as high as possible. Further- 
more, before the plan had been long 
in operation, it developed that fore- 
men and workmen themselves spon- 
taneously developed what we might 
call “preventive maintenance,” for 
the lack of a better name. 

Before the advent of the bonus 
plan it was not unusual, for example, 
for repair men to have a number of 
jobs waiting for their attention. But 
now these men go out and check up 
to see how things are running so 
they can make repairs before break- 
downs occur. This spirit of preven- 
tion is in evidence throughout the 
whole department and probably is 


INDUSTRIAL ENGINEER 


quite an element in keeping up the 
efficiency of the men themselves, and 
of the department. 

This attitude has naturally low- 
ered costs, but what is almost equally 
important from a production stand- 
point, it has provided more efficient 
operation of production equipment. 
The co-operation and co-ordination 
referred to heretofore, have been im- 
portant elements in elevating the 
spirits and morale of the men in the 
department. 

A humorous illustration of this 
occurred one night during cleaning 
hours in one of the offices. It seems 
that one of the scrub women of a 
group of four was opposed to the 
bonus plan, and finally succeeded in 
winning one other to her side. The 
other two who worked hard to raise 
their efficiency had to share the re- 
wards with the recalcitrants and 
finally engaged them in a pitched 
battle in order to obtain co-opera- 
tion. Needless to say, when em- 
ployees compel co-operation among 
themselves, a plan which fosters such 
co-operation is of direct benefit to the 
management. 

We regard the successful opera- 
tion of the plan as being due to the 
following characteristics: 

First, the plan itself is funda- 
mentally sound. It is reasonable in 
every respect and is based on logical 
study of all the elements involved in 
the situation. 

Second, it satisfies both workmen 
and employer. The extension of 
parallel studies, modified according 
to the demands of the situation, to 
our tool room and our material 
handling division, which is really an- 
other story, at least gives an indica- 
tion of the manner in which the op- 
eration of the plan has been received 


by all concerned. 


The third, and by far the most im- 
portant, reason why our plan has 
been successful, is one for the lack of 
which most unscientific plans have 
been unsuccessful. Every bonus 
chart which we issue carries this 
guarantee: “These bonus prices will 
not be lowered no matter how long 
the job may run with this equipment 
and by the method and design speci- 
fied in the instruction referred to 
in the foregoing.” 

This guarantee never has been and 
never will be violated. It is the basis 
for the success of the whole system. 
Our men believe in it and in us. And 
when there is that relationship be- 
tween employer and employee, suc- 
cess should come to both. 
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Proper Method of 
Lubricating Wire Rope 

RACTICALLY all the cores of 

good brands of wire rope, both 
the preformed and non-preformed 
types are thoroughly impregnated 
with a commercial, chemically-neu- 
tral rope oil. Although the core re- 
tains a liberal supply of this lubri- 
cant which gradually oozes out as 
the rope is used, frequent applica- 
tion of a good lubricant during serv- 
ice is necessary to prevent the core. 
from becoming dry. 

A wire rope having a dry core will 
both wear and crush quicker or will 
absorb moisture with the result that 
the core will deteriorate rapidly 
and the inner wires will corrode, 
with shortened rope service as the 
result. 

The smaller the sheaves or the 
heavier the tension on the rope, the 
more often should the rope be lubri- 
cated so as to prevent too rapid 
wearing of the edre in the first case, 
and excessive crushing in the latter 
case. 

A good lubricant retards corrosion 
of the wires and deterioration of the 
core, reduces internal friction which 
is a cause of wires breaking from 
increased bending stresses, and de- 
creases external wear. The lubri- 
cant should be thin enough to pene- 
trate the strands and the core but 
not so thin as to run off the rope, nor 
so thick that it merely covers the 
rope. . | 
Therefore, a thicker semi-plastic 
compound applied hot in a thinned 
condition is best to use wherever 
possible. It will penetrate while hot 
and then cool to a plastic filler, ex- 
cluding the entrance of water, and 
both preserving and lubricating the 
inner wires and cores of the steel 
cable. 

To properly lubricate with a 
heated lubricant, it is necessary to 
have the rope run slowly through 
the heated tank of oil so that proper 
penetration takes place. Where this 
is not possiple, an application of a 
thinner, unheated lubricant will give 
better practical results than many 
other methods now used for rope 
lubrication. 

The American Cable Co. strongly 
advocates the practice of lubricat- 
ing the rope just after installation 
and before running in service, par- 
ticularly when such ropes have been 
kept in storage for some time as 
spares for mine, dredge or other 
outdoor work where service condi- 
tions are severe. 
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W hat it pays to know about 


Lighting Value of Paint 
in Industrial Plants 


including a discussion of the reflection factor and 
other properties which affect its value, with pointers 
that will aid in using it most effectively 


\ À ert we compute the amount 
of light lost through neglect 
in painting surfaces or in 

maintaining them at high reflection 
factors we find the result to be stag- 
gering. In addition, there are many 
other reasons for giving proper at- 
tention to the painting of walls and 
ceilings. 

Light surroundings are helpful in 
reducing glare. A light source which 
is glaring when viewed against a 
dark background may be rendered 
satisfactory when viewed against a 
bright background. The impression 
of bad lighting has often been 
created by approved lighting equip- 
ment when used with dark surround- 
ings, even though adequate inten- 
sities of illumination were delivered 
to the working plane. Light sur- 


By M. LUCKIESH 
and 
E. W. COMMERY 

Lighting Research Laboratory, National 

Lamp Works of General Electric 

Co., Nela Park, Cleveland, Ohio 

roundings are cheerful and stimulat- 
ing. Disorderliness and dirtiness are 
far less prevalent amid light sur- 
roundings. Both natural and ar- 
tificial lighting are aided if the 
interiors of buildings, and the ob- 
jects therein, are light in color. 

The amount of light reflected from 
a surface is dependent on the color 
of the surface. If it is dark or dirty 
the amount of light reflected may 
be only a few per cent, whereas the 
best white paints reflect from 80 to 
85 per cent of the light incident 
upon them. The illumination inten- 
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Here is an instance where the light- 
colored walls help to conserve the light. 
Even with this direct-illumination sys- 
tem, the white ceiling reflects some of 
the light. The reflecting value of the 
ceiling is very important when daylight 
is available. 


sities generally found in, the interiors 
of our work places are far below 
those which are economically prac- 
ticable. For this reason alone every 
possible means should be utilized to 
conserve the light generated by the 
lighting system. 

Paints exhibit the same reflecting 
characteristics that surfaces do in 
general. Regular or specular reflec- 
tion is that of a perfect mirror where 
the angle of reflection equals the 
angle of incidence of the rays of 
light. This condition is approached 
by polished metals and the surface 
of glossy varnish. A thick, smooth 
coating of glossy varnish on a jet 
black surface is a very good mirror. 
Such surfaces are undesirable from 
the viewpoint of lighting because 
they reflect images of the light 
sources, thereby causing glare and 
cther attendant effects, such as 
visual discomfort, eye strain and 
reduced visibility. Glossy desk tops, 
glossy walls and ceilings, and various 
polished surfaces are possible sources 
of glare. 

Paints with a dull finish closely 
approach perfect diffuse reflection, 
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although semi-matte finishes reflect 
not only diffusely but superimposed 
on this is a sort of regular reflection. 
A painted surface coated with glossy 
varnish, or an enameled surface, also 
exhibits a combination of diffuse and 
regular refiection. 

The measurement of reflection fac- 
tor (ratio of total reflected to total 
incident light) is now a compar- 
atively simple matter in a properly 
equipped laboratory, but accurate 
results can be obtained only with a 
proper instrument. Usually a color 
difference is involved and results 
obtained outside the laboratory are 
far from accurate. Furthermore, the 
reflection factor of a surface depends 
upon the direction and distribution 
of the incident light in all cases ex- 
cepting that of a perfectly diffusing 
surface. 

In general, walls and ceiling play 
a part in the distribution and quan- 
tity of light to the work plane, but 
the part they play depends not only 
upon their reflection factor, but also 
upon the character of the lighting 
system. In other words, the walls 
and ceiling can influence the lighting 
only insofar as they have an oppor- 
tunity; this is a matter of the per- 
centage of the total light which is 
incident upon them. In addition, 
there are many objects in the in- 
teriors of our buildings which absorb 
light, and even the best white walls 
and ceilings usually do not reflect 
more than 80 per cent of the incident 
light. It is impracticable to attempt 
to keep the floors highly reflecting 
and, furthermore, white surround- 


ings do not by any means present 


the most desirable conditions from 
the viewpoint of eye comfort and the 
best vision. When considered from 
all angles, it is questionable whether 
the walls directly in the field of 
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view should have a reflection factor 
greater than 50 per cent. 

In the case of direct lighting with 
opaque, white enameled or silvered 
glass reflectors, little light reaches 
the ceiling directly; so its reflection 
factor when artificial lighting is 
employed is of little importance, 
although it is of great importance 
in the utilization of day light coming 
through the windows. In the case 
of indirect lighting and so-called 
semi-indirect lighting, a large per- 
centage of the light is emitted 
upward toward the ceiling and, 
therefore, the reflection factor is 
important. Walls are important 
from the standpoint of reflection 
factor, in proportion to the percent- 
age of light that impinges upon them. 
Obviously, in large rooms they are of 
much less importance than in small 
rooms. They are generally of much 
greater importance in natural light- 
ing from windows, than when arti- 
ficial lighting is employed. 

The influence of the reflection fac- 
tors of ceilings and walls in artificial 
light is shown in the accompanying 
table, for three different types of 
lighting systems and for three sizes 
of rooms. The lighting equipment is 
assumed to be hung 10 ft. above the 
horizontal work plane upon which the 
relative values of illumination from 
a certain number of lamps are shown 
in the table. These data were de- 
duced from the work of E. A. Ander- 
son’ on utilization factors. The 
numbers following the words “ceil- 
ing” and “walls” are the respective 
reflection factors. The direct light- 
ing system is one in which approved 
white enameled or silverized glass re- 
flectors are used. The second system 


Illumination Design Data, E. A. Ander- 
son, Bulletin 41 National Lamp Works of 
General Electric Co., Jan. 15, 1921. 
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employs approved, enclosed, diffus- 
ing-glass equipment. The indirect 
system is one in which approved, 
silvered glass or very dense opal 
glass bowls are used. 

The data in the table will bear 
considerable study. In the large 
rooms the walls play an important 
part and it is interesting to note in 
item (A), for example, the effect of 
the walls as the room size diminishes. 
This feature is conspicuous in all the 
items. The ceiling plays a small part 
in the case of direct lighting with 
opaque reflectors. This is seen by 
comparing item (B) with item (D) 
where the walls have the same re- 
flection factors, but those of the ceil- 
ing are 70 and 30 per cent respec- 
tively. | 

Enclosed, diffusing - glass equip- 
ment emits a large amount of light 
upward to the ceiling and outward 
to the walls. This is quite evident 
by the generally lower values of rela- 
tive illumination under this system 
than under the direct lighting sys- 
tem. Both the ceiling and the walls 
influence the relative foot-candle 
values on the work plane. By com- 
paring (F), (G), and (H), the in- 
fluence of the reflection factor of the 
wall is seen. By comparing (G) and 
(J), or (H) and (J), the influence 
of the reflection factor of the ceiling 
is seen. There are several outstand- 
ing features in this table, of which 
the following may be mentioned: 
(1) The appreciable influence of 
walls of small rooms or narrow rooms 
in which direct lighting opaque re- 
flectors are used. (2) The great 
influence of both walls and ceiling 
in all of the rooms, but particularly 
those of small and intermediate sizes 
in the case of lighting systems that 
employ enclosing, diffusing - glass 
equipment. (3) The very great in- 
fluence of walls, and particularly 
ceilings, in the case of indirect light- 
ing systems; that is, in systems in 
which most or all of the light is 
emitted upward by the lighting equip- 
ment. These various items present 
adequate proof of the lighting value 


of paint. 


Manufacturers of machinery have 


3 persisted in painting machines and 


other equipment either black or a 
very dark color. This practice not 
only contributes to the cheerlessness 
of poorly illuminated factories, but 


In this case painting complicated 
machines white is an aid in making 
adjustments and brightens up the 
room. 
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even in the modern factory where the 
lighting is fairly well done, dark 
machines have a depressing effect and 
often render the lighting of impor- 
tant areas on the machines exceed- 
ingly difficult. The faceplate of a 
lathe, certain areas of milling ma- 
chines and particularly complicated 
machinery such as printing presses 
can be painted a washable white or 
light gray and by reflection much 
light can be thrown on the work, and 
particularly in the shadows. All ma- 
chines and equipment should not be 
painted white. Such a condition 
would be insufferable. However, if 
the equipment were painted a very 
subdued color having a reflection fac- 
tor of 20 to 25 per cent, much light. 
would be saved by reflection. 

The use of glossy paints for in- 
terior walls and ceilings is probably 
due to the belief that flat paints 
accumulate and retain more dirt than 
do gloss surfaces. Tests conducted 
by H. G. Lima’ indicate that in a 
dry interior, in which there was a 
slow accumulation of dirt, slight dif- 
ferences existed at first between the 
gloss and flat paints. Continuing the 
exposure a very slight, and later a 
very decided contrast, was found. In 
every case the gloss paint had ac- 
cumulated more dirt than had the 
flat paint. Further tests conducted 
in interiors in which moisture was 
present, and also on samples tested 
out-of-doors on the roof, again 
showed that the gloss paints became 
dirtier than the flat paints. These 
results, coupled with the advantages 
that accrue from a lighting stand- 
point, surely justify the use of flat 
interior finishes. 

Furthermore, the specular or regu- 
lar reflection from glossy paints, and 
more particularly enamels, has led 
many to believe that these finishes 
reflect a greater amount of light than 
do the flat finishes. The amount of 
light which a glossy varnished sur- 
face reflects is independent of the 
diffuse reflection of the coating be- 
neath this transparent coating. The 
specular or regular component of the 
reflected light due to the glossy sur- 
face amounts to about 4 per cent 
when the light strikes the surface 
perpendicularly. This, however, is 
generally not an additional 4 per cent 
over the diffuse reflected light from 
the coating under the gloss, because 
most of the vehicles used in produc- 
ing the gloss are colored slightly 
yellowish. This colored vehicle sur- 
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Influence of Reflection Factor on 
Foot-Candles Obtained Under Various Conditions 


Lighting System and Reflection Fac- 
tors of Ceiling and Walls 


Direct Lighting System: 
(A) Ceiling 70; walls 50.. 
() Ceiling 70; walls 30. 
(C) Ceiling 70; walls 10... 


(D) Ceiling 30; walls 30............ 
(E) Ceiling 30; walls 10............ 


Enclosed Diffusing Glass: 
(F) Ceiling 70; walls 50. . .. 
( G) Ceiling 70; 
(H) Ceiling 70; 
( I) Ceiling 30; 
( J) Ceiling 30; 


Indirect Lighting System: 


walls 10... 


(X) Ceiling 70, walls 50............ 


(I) Ceiling 70; walls 30 
(M) Ceiling 70; walls 10... 


(M Ceiling 30, walls 30............ 


(0) Ceiling 30, walls 10.......... 


rounding the particles of pigment 
results in a lowered reflection factor 
of the pigment and generally the net 
result is a slightly lower reflection 
factor for glossy finishes than for 
fiat finishes which have been made up 
with any given pigment. 

Inasmuch as white paints play such 
an important part in the effectiveness 
of many lighting systems, their 
specific consideration is of particular 
value. From a practical viewpoint, 
reflection factor (both initial and 
sustained), hiding power, specific 
gravity, cost, and character of sur- 
face are important factors in the 
choice of the paint to be used. 

In recent years many paint manu- 
facturers, realizing the value of 
highly reflecting paints, have shown 
marked improvements in their prod- 
uct. Today a number of-white paints 
are available having initial reflection 
factors of 80 per cent or better. In 
general, white paints have shown a 
decreasing refiection factor with age, 
due to discoloration, but even this 
characteristic has been improved 
with certain combinations. White 
paints having high initial reflection 
factors vary in their behavior with 
age, some showing only a moderate 
loss of reflection factor due to dis- 
coloration, while others fall off to 
values equal to those found with 
paints having considerably lower in- 
itial reflection factors. From this it 
is seen that the average reflection 
factor over a given period of time 
ig more important than the initial 
reflection factor. 

While it is obvious that paints 
having a high reflection factor are 


(10 ft. by 


walls 30. 


walls 30 ũ - 
walls 10 t ᷣA 


Relative Foot-Candles on Work-Plane 
Small Room Medium-Sized 


Large Room 
Room 


(20 fe. by 


(100 ft. by 
50 ft.) 


desirable for the conservation of 
light, it can also be shown that a 
definite waste of money occurs when 
they are not used. For example, in 
a drafting room that measures 100 
ft. by 20 ft. and is equipped with 20, 
300-watt, totally-indirect, silvered 
glass or very dense opal glass bowls, 
16 foot-candles of illumination can 
be provided on the work plane if the 
reflection factors of the ceiling and 
walls are 80 and 40 per cent respec- 
tively. With electrical energy at 
$0.05 per kilowatt-hour the 16 foot- 
candles are obtained throughout the 
working plane at a cost of $0.30 per 
hour. If paint having a reflection 
factor of 70 per cent, instead of 80 
per cent, had been used, we find that 
only 14 foot-candles are delivered to 
the working plane; still the full 
$0.30 per hour is being spent for the 
electrical energy consumed by the 
lighting system. This represents a 
monetary loss equivalent to $0.037 
for every hour that the lighting sys- 
tem is in operation. 

This monetary loss may not seem 
very significant, but further exami- 
nation indicates that at the end of 
2,400 hr. use of the lighting system, 
it is equivalent to $90, or the cost of 
painting the ceiling, assuming that 
the paint maintained its reflection 
factor of 70 per cent and no accumu- 
lation of dirt had taken place. When 
lower reflection factors of the ceil- 
ing obtain, correspondingly shorter 
periods of operation of the lighting 
system effect monetary losses equiv- 
alent to the cost of an entire repaint- 
ing of the ceiling. In fact, this light- 


ing system need be operated only for 
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810 hr., or nine months, to effect a 
monetary loss equivalent to the cost 
of repainting the ceiling, if the re- 
flection factor is 50 per cent through- 
out that time. 

Enclosed, diffusing-glass units are 


far less dependent on the reflection 


factor of the ceiling than is the 
totally indirect system. However, 
the monetary loss due to light paid 
for and not received with this type 
of system in the afore-mentioned in- 
terior amounts to the cost of a paint- 
ing job in approximately 2,700 hr. 
use of the system if the ceiling. reflec- 
tion factor is 50 per cent. The best 
reflecting paints may cost appreciably 
more than the usual paints; however 
the preceding analysis reveals that 
the additional expenditure is war- 
ranted and will be repaid within a 
comparatively short time. 

Assuming, as a practical standard, 
the use of a paint having an 80 per 
cent reflection factor on the ceiling 
of the above drafting room, which is 
equipped with a totally-indirect light- 
ing system, any values less than 80 
per cent, due to dirt or discoloration, 
produce a condition of light paid for 
but not received. This loss, when 
compared to the cost of repainting, 
indicates that painting should be 
done after a period which can be 
determined easily and more or less 
definitely. 

For a particular installation the 
solution of the problem involves a 
number of factors which are gen- 
erally available. By way of illustra- 
tion the previously described instal- 
lation can be used. In this case 
the most economical period between 
paintings is approximately 14 mo. 
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The obstruction to lighting caused 
by large machines may be greatly 
reduced by painting them light 
gray. 


The assumptions made in the solu- 
tion of the problem are as follows: 


(1) Initial reflection factor of ceiling 
and walls is 80 and 40 per cent, re- 
spectively. 

(2) Location is in an industrial or 
manufacturing section. 

(3) There is a uniform rate of de- 
preciation of ceiling reflection factor of 
1.5 points per month; that is, from 80 
to 78.5 per cent during the first month, 
from 78.5 to 77 per cent during the 
second month, and so on. 

(4) There is no depreciation of wali 
reflection factor. 

(5) Lighting system is used 1,000 
hr. per year. 

(6) Painting of one heavy coat at 
$0.40 per square yard, or a total of $90 
for the entire ceiling. 

(7) Cost of electrical energy is $0.05 
per kilowatt-hour. | 


The application of white paint to 
certain areas of large machines 
will help to throw more light onto 
the work and eliminate shadows. 
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The time interval between paint- 
ings is conservative, as the effect of 
the walls has not been considered 
and 1,000 hr. use per year is exceeded 
by many establishments. Further- 
more, no consideration of the visual 
conditions has been taken into ac- 
count. During the 14 mo. between 
paintings the illumination intensity 
will have decreased from 16 foot- 
candles to 11- foot-candles. The 
quickness and accuracy of vision and 
other visual functions are appre- 
ciably different under these inten- 
sities. For high-contrast conditions, 
such as black on white (80 per cent 
reflection factor), increases in these 
various visual functions ranging 
from 4 to 18 per cent have been found 
when the illumination intensities 
were raised from 11 to 16 foot-can- 
dles. While this factor is difficult to 
evaluate in terms of production for 
all industries, still it is of such mag- 
nitude as to warrant the attention of 
all of those who are responsible for 
production. 

The relation between production 
and intensity of illumination has 
been carefully studied in industrial 
plants covering a wide variety of 
operations, and some of the results 
obtained were reported in an article 
by Roy A. Palmer, in the August, 
1925, issue of INDUSTRIAL ENGINEER. 
One of these very interesting tests 
was conducted at the Timken Roller 
Bearing Co. plant at Columbus, Ohio. 
This test, which was conducted in the 
Inspection Department, extended over 
several weeks, the high and low lev- 
els of illumination being alternated 
weekly. Inspection work requires 
fairly close visual application, and 
the effect of the lighting intensity 
was shown in a striking manner by 
the production figures under the low 
and high levels of illumination. When 
a high level of illumination was pro- 
vided, production increased; when 
the illumination was cut down, pro- 
duction decreased. With each change 
in the level of illumination the pro- 
duction output obtained responded 
accordingly. 

The intensity in this plant was 
originally five foot-candles, which is 
not so low as is found in many plants. 
The new lighting system installed 
for the test provided 20 foot-candles. 
While the five foot-candles of illumi- 
nation were sufficient for fairly good 
vision, the new installation helped 
the speed of vision and produced a 
stimulating atmosphere in the plant 
so that production was increased 
12.5 per cent. 
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Raising Power Factor 
Without the Use of 


Corrective Equipment 


By JAMES B. HOLSTON 
Commercial Engineer, Wagner Electric 
Corporation, St. Louis, Mo. 

N THE preceding article, in the 
1 July issue, power factor was con- 

sidered from the standpoints of 
what it is, the effects of low power 
factor and why it is undesirable, and 
the methods of measuring it. When 
it is known, or has been determined, 
that the power factor of an indus- 
trial plant is lower than is desired, 
the next step is to select the best 
means of raising it. 

Low power factor is caused largely 
by the operation of certain types of 
electrical equipment at low load fac- 
tors, Induction motors usually con- 
stitute the bulk of an industrial plant 
load and as the “reactive” or out-of- 
phase” component of the power in 
ordinary induction motors is prac- 
tically the same at no load as at 
full load, it follows that the reading 
of the “‘reactive meter” will be sub- 
stantially independent of the load on 
the equipment. 

The importance of proper loading 
of motors is strikingly shown in 
Fig. 1, which gives the average 
power factor of squirrel-cage motors, 
ranging from 1 hp. to 100 hp. in 
rating, when operated at different 
percentages of full load. Referring 
to the curve for the 10-hp. motor, 
it will be seen that the power factor 
at 50 per cent load is 61 per cent, and 
at 75 per cent load it is 74 per cent. 
Comparatively few applications im- 
pose an average load of over 60 per 
cent of the rating of the motor; 
hence the effective power factor of 
the unit will be about 68 per cent. 

Many motors are used on machines 
which operate only intermittently 
during the day, such as grinders, 
Shears, drill presses and similar 
equipment. The common belief that 
the power cost of operating the mo- 
tors running idle is so small that it 
may be overlooked, and that such 
motors need not be shut down when 
the machines which they drive are 
not in use, takes no account of power 
factor effect. As has been stated, 
the “reactive” meter records practi- 
cally the same with no load on the 


motor as at full load; therefore, mo- 
tors idling on the lines produce as 
bad an effect on plant power factor 
as do fully loaded motors. For this 
reason idle operation of motors 
should be carefully avoided. 

Reference to Fig. 2 brings out the 
interesting and important fact that 
the efficiency, as well as the power 
factor of squirrel-cage motors drops 
off sharply at loads less than 50 per 
cent. 

Due to the inherent characteristics 
of squirrel-cage induction motors, 
slow-speed or low-horsepower motors 
have low power factor and low effi- 
ciency, while high-speed or large- 
horsepower motors have high power 
factor and high efficiency. This fact 
should be kept in mind when making 
any rearrangement of motors for 
power factor correction, or if any 
new motors are to be installed. 

In both Figs. 1 and 2 the per- 
formance of 860-r.p.m. motors has 
been shown, as this speed is widely 
used. Higher speed motors of the 
equivalent horsepower ratings will 
have efficiencies and power factors 
slightly above those shown. 

The foregoing discussion may 
serve to explain the somewhat para- 
doxical title of this paper. One solu- 


Figs. 1 and 2—These curves show 
the approximate average power 
factor and efficiency of 220-volt, 
three-phase, 60-cycle, 860-r.p.m. 
squirrel-cage induction motors when 
operated at different percentages 
of full-load rating. 
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tion of the power factor problem 
clearly lies in eliminating as far as 
possible those motors that are op- 
erating at low power factor. The 
simplest and most accurate method 
of locating the improperly loaded 
units is to make load tests of the 


LOW POWER FACTOR in 
an industrial plant may be 
the cause of a number of 
conditions that are undesir- 
able from an operating stand- 
point. It may also increase 
the cost of electrical energy 
through penalties imposed by 
the power company. In this 
article Mr. Holston describes 
some practical ways in which 
power factor can be raised to 
the point where it ceases to 
be troublesome, without the 
use of special, corrective 
equipment. The use of such 
equipment will be considered 
in a subsequent article to ap- 
pear in an early issue. 


input to every motor which operates 
tor any appreciable period of time. 
Of course, such motors as may be 
used only very intermittently on 
cranes, elevators, blowers, fire pumps 
and similar drives need not be con- 
sidered, as they have little or no 
effect on the power factor of a plant. 

Details of the procedure and equip- 
ment used in making a load survey 
of this character were given in an 
article by H. E. Stafford, on page 
310 of the July, 1925, issue of 
INDUSTRIAL ENGINEER. It need only 
be said here that three meters are 
required to make these tests: a volt- 
meter, an ammeter and a wattmeter, 
together with suitable current trans- 
formers. If graphic or recording- 
type meters are available they should 


Efficiency, Per Cent 


5 50 75 
Per Cent, Load 
Fig. 2 
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be used, as a permanent record can 
then be kept, but indicating meters 
are perfectly satisfactory. These in- 
struments should be mounted on a 
small truck to facilitate moving them 
from one location to another. (An 
ingenious engineer in one industrial 
plant used a boys’ coaster wagon 
which served the purpose admirably.) 
Leads soldered to each end of a blown 
cartridge fuse will be found conven- 
ient in making connections to the 
ammeter and wattmeter, and spring 
clips on the voltmeter leads will help 
to simplify the job of connecting up. 

The data obtained are best re- 
corded in some such form as shown 
in Fig. 3 for study after the tests 
have been completed. Only three 
readings are taken—volts, amperes 
and kilowatts—the other values be- 
ing obtained from the manufacturers 
of the motors, or calculated from the 
performance data. If a polyphase 
wattmeter is used the reading of the 
meter will be the full input, but if 
two single-phase meters are used the 
readings must be added together to 
obtain the true input. Voltage and 
current readings may be omitted if 
desired, as they are not used in the 
calculations to be made, but should 
be taken if convenient in order to 
determine whether the voltage is low 


Fig. 3—Here is a convenient method 
of recording test data on motors to 
determine whether they are prop- 
erly loaded. 


It is advisable to take three readings— 
kilowatts, volts and amperes—although 
the latter two may be omitted if de- 
sired. After the data have been 
recorded and corrected, as shown, the 
per cent of full-load rating may be 
found by dividing the observed kilo- 
watt input by the kilowatts taken at 
full load, as given by the manufacturer. 
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or the current drawn by any motor 
is excessive. 

Referring to Fig. 3, a careful study 
of the results of these tests, which 
were made in a large industrial 
plant, showed that several motors 
were not properly loaded. For ex- 
ample, blower No. 1 required only 
about 18 hp. to drive it, while the 
motor was rated at 25 hp. On the 
other hand, the machine shop motor 
was overloaded. By adjusting the 
pulley sizes these motors were inter- 
changed and a better load on each 
was the result, with a saving in re- 
active” power, as the machine shop 
motor runs only 7 hr. a day, while 
the blower runs 24 hr. The motor 
on blower No. 2 was fairly well 
loaded. 

A check upon the load cycle of the 
gir compressor showed that it was 
in operation only about one-half of 
the time. An automatic control to 
cut off the motor when the air pres- 


5 
or rec ed ZELA Per Cent Load 


Using 


eee 


Blower No.2 


FD 


panre ere 


tir Compressor Pumping 
iae 2 %% | zo | sze] | | +o | 


er dee |as | a0 | se | #6 
eee 


Circulating Pump 


s ne 


‘s 


sanm e erje e ee e [ae | me 


* Efficiency at loads between 175 a 100 per cent 
assumed tobe the same. See Fig.2 


Figs. 4 and 5—Relation between 
kilowatt and reactive hours, before 
and after rearranging motors in a 
plant to obtain better loading. 

Fig. 4 represents the original condi- 
tion; power factor (B. — C) was 67.3 
per cent. From Fig. 5, it will be seen 
that the reactive hours have been re- 
duced to 90,000, which gives a power 
factor (Bi + Ci) of 74.3 per cent. 


sure reaches 100 lb. and cut it in 
when the pressure drops to 80 lb., 
was installed, and saves a substan- 
tial amount of useful as well as 
reactive power. 

The motor-generator set never 
drew over 20 hp.; hence a new 20-hp. 
motor was installed and the 35-hp. 
motor kept as a spare. 

Some other changes were made in 
operating schedules to give more uni- 
form loading of motors, with result- 
ing savings both in “real” and “re- 
active” power. 

This plant used 100,000 kilowatt- 
hours per month before the above 
changes were made and with normal 
operation registered 110,000 “reac- 
tive” hours. Referring to the fa- 
miliar power factor triangle, shown 
in Fig. 4, it will be seen that power 
factor can be determined from these 
two readings by the use of simple 
mathematics. As was explained in 
the preceding article, power factor 
being defined as the ratio of real to 
apparent power, it is represented in 
Fig. 4 by B — C. Knowing the 
values of 4 and B, C may be found 
by taking the square root of the sum 
of the squares of A and B, which may 
be expressed as follows: 

C= VA’ + BE 

In this case A equals 110,000 and B 
equals 100,000; hence 

C= vY (1P +10) K 10° 

— \/221 X 10,000 = 148,600 
Therefore, Power Factor = B — C 
— 100,000 — 148,600 = 67.3 per 
cent. 
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By rearranging motors to load 
them more fully, shutting down idle 
motors whenever possible, and by 
working out more uniform operating 
schedules for motors that were run- 
ning continuously, this plant was able 
to decrease the reactive“ hours 
from 110,000 to 90,000. Referring 
to Fig. 5 it will be seen that the 
following conditions then existed: 
Power Factor = B'! C 

100,000 — V (9? + 10’) 10° = 

100,000 — 134,500 = 74.3 per cent 

The curve shown in Fig. 6 (tan- 
gent-cosine curve) affords a short cut 
in computing power factor from the 
readings of the kilowatt-hour and 
“reactive” meters. In the example 
shown in Fig. 4 the ratio of “re- 
active” hours to kilowatt-hours is 
1.10. Locating on the curve the 
point of intersection of the vertical 
line corresponding to 1.10 on the 
abscissa or horizontal line in Fig. 6, 
the power factor is found to be 
67.3 per cent, which checks with the 
previous calculations. In the case 
ef Fig. 5 the ratio is 0.90 and the 
power factor is found to be 74.3 per 
cent. This chart is very convenient 
in making calculations of this kind 
and has been reproduced of suff- 
ciently large size to be accurate 
enough for all ordinary calculations. 

After the changes mentioned 
above had been made the kilowatt- 
hour consumption decreased, due to 
more efficient operation. For sim- 
plicity in calculations this fact was 
not taken into account in the data 
shown in Fig. 5. However, annealing 
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Fig. 7—An electric furnace load 
will help to raise the power factor 
of a plant. 


After the power factor had been raised 

to 74.3 per cent, by rearranging 
motors, the conditions were as repre- 
sented by the triangle whose sides are 
shown as ABC. The addition of some 
electrically-heated annealing furnaces 
increased the energy consumption of 
the plant 20,000 kw.-hr. a month and 
created the conditions shown by the 
triangle whose sides are 41 B! C. 
Then the power factor is represented 
by B! — Ci which corresponds to 
80 per cent. 


furnaces of 100-kw. capacity were 


added, operating 200 hr. per month 
and thus using 20,000 kw.-hr. As 
the power factor of this type of 
equipment is 100 per cent the over- 
all plant power factor was raised, 
as shown in Fig. 7. Inasmuch as the 
“reactive” meter continues to record 
the motor load, but gets no addi- 


Fig. 6—When the ratio of reactive 
hours to kilowatt-hours is known, 
the power factor can quickly be 
determined from this curve. 


To find the power factor for any given 
ratio, locate on the curve the point of 
intersection of the vertical line cor- 
responding to this ratio, as shown on 
the abscissa or horizontal line. Thus, 
in the example given in the text, a 
ratio of 1.10 is found to represent a 
power factor of about 67 per cent. 
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tional reactive hours from the fur- 
naces, it will still read 90,000. The 
kilowatt-hour meter, however, now 
records the former load plus the 
20,000 kilowatt-hours added by the 
electric furnace, or 120,000. Using 
Fig. 6, the ratio of 90,000 to 120,000 
is seen to be 0.75, giving a power 
factor of 80 per cent. 

Incandescent electric lights and re- 
sistance heating equipment of all 
kinds are unity power factor loads 
and play an important part in the 
determination of “effective” monthly 
power factor. If the addition of 
either is being considered the effect 
on the plant power factor, especially 
if there is a power factor rate, should 
be taken into account before efforts 
are made to raise the power factor. 

On the other hand, welding equip- 
ment and certain types of lighting 
equipment operate at less than unity 
power factor and the effect of this 
load must also be considered. 

Probably 80 per cent is about the 
upper limit of power factor obtain- 
able without the use of corrective 
equipment in some form, especially 
where the meters are connected to 
read the transformer load; but even 
80 per cent is far better than the 50 
per cent or 60 per cent which is not 
at all uncommon. 

A subsequent article which will ap- 
pear in an early issue will deal with 
the various methods of correcting 
power factor up to a point nearer 
100 per cent, or possibly all the way 
up to 100 per cent, if the savings 
possible justify it. 
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Mounting and Installing 
Industrial-Type Motors 


so as to secure accessibility, reduce vibration, and 
lower maintenance and repair costs, together with a 
description of the different types of supports and the 


relative merits of each 


To location and manner in 
which a motor is installed have 
a great deal to do with the 
success or failure of a motor drive. 
Too often a motor is located at a 
certain place simply because it can 
be easily bolted down there, with the 
result that the maintenance and re- 
pair charges are excessive. In mak- 
ing a motor installation there are 
several things that should be con- 
sidered, the first of which is proper 
location. 

In selecting a location, due regard 
should be paid to the rules of the 
National Board of Fire Underwriters 
and also to any local regulations that 
may exist. In addition to this, con- 
sideration must be given to protec- 
tion of the motor from moisture, 
escaping steam, dripping pipes, oil, 
acid, alkali, chlorine, and other gases, 
as well as dust, dirt, lint, and other 


BY GORDON FOX 
Electrical Engineer, Freyn Engineering 
Company, Chicago, Ill. 
injurious substances. If protection 
cannot be provided against these 
troublesome elements, a motor of 
special construction such as mill type, 
marine type, splash-proof, force ven- 
tilated, and the like should-be used. 
In some cases, particularly with 
direct-current motors, it may be nec- 
essary to build a separate motor room 
and provide a lineshaft or other form 
of power transmission to connect the 
motor to the drive. This is particu- 
larly necessary if a direct-current 
machine is to be used for driving 
machines placed in a room where any 
hazardous process is carried on or 
in places where the motor will be ex- 
posed to flammable gases, sawdust, or 

other combustible material. 


Good ventilation is essential. Mo- 


Fig. 1—Here is an excellent method 
of mounting four motors directly 
on a 113-in. lathe. 


When the driven machine is large with 
respect to the motor, mounting the 
motor directly on the machine is very 
satisfactory. The four motors illus- 
trated here range in size from 34 hp. 
to 25 hp. and drive different motions 
of a grinding attachment to a lathe. 
Some of the motors are mounted 
directly upon the frame of the lathe, 
while others are mounted on specially- 
arranged shelves. 


tors should not be exposed to exces- 
sively high surrounding air tempera- 
tures, that is, where the maximum 
temperature of the windings will be 
over 90 deg. C. 

The position of a motor should be 
such that it is easily accessible for 
inspection, or else neglect is probable. 
Clearance spaces should be provided 
for the removal of the entire motor 
or its parts. In the case of important 
machines, care should be exercised to 
see that broken parts may be quickly 
replaced. Failing this, the entire 
motor unit should be exchangeable. 
It is of advantage to have important 
motors served by a crane or repair 
trolley or at least to provide ready 
means of rigging for handling of 
motors and parts. 

Direct-connected motors are best 
mounted as an integral part of the 
driven machine. This is desirable 
because the machine and drive may 
then be treated as a unit. It is fur- 
ther desirable for retaining align- 
ment. It is particularly desirable 
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Methods of Mounting and Supporting 


Fight Examples That Have Stood the Test of Service 
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A—Bracket mounting of a small 
motor that drives a grinder. This 
arrangement is made up of two 
angles that are bolted to the flanges 
of the column. The motor frame 
is bolted directly to the angles. 


B— Bracket mounting of motor ona 
wall. This mounting is made from 
steel flats which are bent to the 
form shown. 


Clever method of mounting a 
motor beneath a ceiling I-beam. 
This support consists of four clamp- 
ing bars and a wood base fastened 
together by six bolts. 


D—Pedestal mounting of motors to 
keep them out of the water that 
usually covers this floor. An angle 
belt drive is used. As a means of 
tightening the belt the base may 
be raised or lowered by four bolts 
placed at the corners. 

E Another form of pedestal mount- 
ing in which the base is integral 
with the bedplate. Note how ac- 
cessible the motor is; yet the ar- 
rangement is very compact. 


F—Compact motor support on a 
power saw. This support also 
carries the pedestal bearing re- 
quired by the wide pulley on the 
motor. 


G—Method of supporting a motor 
on a high-speed planer. The motor 
is directly connected to the planer 
blade and an extra heavy bearing 
and bracket are provided between 
the motor and planer to take care 
of the overhang of the motor. 


H—Side mounting of a motor on 
the frame of a bandsaw. Adjust- 
ment of the belt is obtained by an 
idler pulley. 
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concrete 


2—Mounting on 
foundation for motor without slide 
rails. 

Two channels are fastened by anchor 


Fig. 


bolts in a concrete foundation, as 
shown. Four anchor bolts are used, 
which also clamp a mounting plate 
to the channels. With this. mounting 
a motor can be quickly removed or 
exchanged. 
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to or supported by machines which 
vibrate or shake, as the motors will 
likely develop trouble under such con- 
ditions. Some sort of flexible drive 
should be used. Railway, mine and 
mill-type motors are better adapted 
than general-purpose motors to with- 
stand such conditions. 

Care should be exercised to have 
the motor shaft level; otherwise end- 
pounding may result. In special 
cases, where the motor must be 
mounted with the shaft on a slope, 
or where pitching may be encoun- 
tered, ring-oiling bearings should be 
avoided and some type of ball or 
roller bearing should be used having 
Suitable end-thrust features. The 
end-thrust of a driven machine must 
not be taken by a motor unless spe- 
cial provision is made. 

Particular attention must be paid 
to the type of foundation used. When 
mounting motors upon a floor, it is 
advisable to elevate the motor suffi- 
ciently to keep it above dirt and mois- 
ture, with sufficient space for sweep- 
ing. From 6 to 12 in. above the 
floor is preferred. For belt or chain 
drives, the sliding base or rails sup- 
plied by the motor manufacturer 
may well be used. Where slide-rails 


for small machines. For such equip- 
ment as pumps, fans, gear reducers, 
and the like, a common bedplate is 
usual as shown in Fig. 6. For 
many other machines some form of 
bracket or platform is arranged. 
The essential requirements of a 
good foundation or support for a mo- 
tor are, in brief, (a) provision for 
a firm and solid support for the 
machine so that it will not settle or 
otherwise move under the influence 
of its weight, and (b) provision of 
sufficient weight or rigidity to pre- 
vent excessive vibration of the ma- 
chine if it should be unbalanced or 
acted upon by unsteady forces. Mo- 
tors should not be directly attached 


are used care should be exercised to 


Fig. 4—Mounting motors on the 
ceiling by the use of special steel 
stringers. 


Lineshafts are often supported by the 
special Midwest Steel & Supply Com- 
pany’s box rails, to which are attached 
steel stringers, as shown in the illus- 
tration. The box rail is cast into the 
concrete ceiling and fastened by the 
special reinforcement shown. Steel 
stringers are then clamped to the box 
rail and are readily adjustable to any 
desired position. Additional steel 
stringers are clamped at right angles 
to the first mentioned stringers and the 
motor is fastened to these as is shown 
in the illustration. This provides for 
adjustment of the motor in both direc- 
tions so as to properly align the motor 
pulley with the driven pulley. A sim- 
lar arrangement is used for mounting 
the lineshaft, as is shown at the right 
of the illustration. „ ae 
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Fig. 3—A mounting that permits of 
horizontal adjustment of motor to 
facilitate aligning gears. 


This mounting takes the form of a sub- 
base on which there are adjusting 
screws, as shown, to align the motor. 
In a mill motor of the size shown, two 
adjusting screws are required on each 
side as well as two adjusting screws 
on each end, making a total of eight 
screws for the motor. 


see that they are set to afford a plane 
surface for the motor to rest upon. 
Motor bases are usually heavy 
enough to retain their shape under 
stress, but they should not be bolted 
down in a manner to distort them. 
Slide-rails or bases may be most 
readily installed by providing a con- 
crete foundation with anchor bolts, 
the base being aligned with wedges 
and grouted in. A clever bracket 
arrangement used on 250 motors by 
one manufacturer is shown in Fig. 5. 

When a direct-connected or geared 
motor without base is separately 
mounted on a concrete foundation 
it should not be grouted in, as re- 
moving for exchange or repair is 
then difficult. Some sort of metal 
baseplate should be anchored and 
grouted on the concrete foundation 
and the motor should then be at- 
tached thereto. Fig. 2 shows a mo- 
tor mounted on castings which are 
well adapted for this service. A few 
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Fig. 5—Over 250 of this type of 
bracket arrangement for mounting 
motors are used at one factory. 

The mounting consists of one floor 
bracket and two pieces of strap iron 
bent at an angle and attached to the 


frame of the machine, as is shown in 
the illustration. 


such castings can be made to serve a 
variety of motors. 

It is usually a simple matter, in 
providing a motor support, to so de- 
sign it that a larger motor or one 
of different dimensions may be sub- 
stituted. 

This may be easily done by mak- 
ing the support a little larger than 
required and perhaps by inserting a 
changeable structural member, a 
plate, or a filler piece of some kind 
under the motor feet. The cost of 
such a provision is insignificant, a 
good mechanical job can be done, and 
the leeway allowed may prove in- 
valuable if a change of motors be- 
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comes desirable for any reason. Such 
an installation is shown in Fig. 7. 

In attaching a motor to a bedplate 
or a similar support, through bolts 
are preferable to capscrews or stud 
bolts as the motor may be more 
readily removed and breakage of a 
bolt is a less serious matter. When 
motors are mounted on timbers lag- 
screws are sometimes used to hold 
down the motor, or the sliding-base 
or rails. It is a good plan to fill the 
hole around the lag bolt with molten 
lead before tightening. Machines 
larger than 50-kw. capacity should 
not be mounted on wood timbers. 

The use of dowels with direct- 
coupled or geared motors is common, 
but by no means universal, practice. 
This construction does not lend itself 
to ready interchange of motors. If 
heavy through bolts are used and 
these are well tightened, a motor 
will usually hold its position unless 
subjected to decided forces. Some- 
times a base is provided with set- 
screws, as.shown in Fig. 3, providing 
means for slight horizontal adjust- 
ments and preventing shifting. 

Large motors of the pedestal type 
are usually provided with sole plates 
if the motor frame is not carried on 


Figs. 6 and 7 — Direct-connected 
motors are usually mounted on a 
common bedplate. 


Fig. 6 shows such a mounting used in 
steel mill service. The motor at the 
right is mounted on a bedplate and 
connected through a Jones speed re- 
ducer to a pipe conveyor. The speed 
reducer and motor are mounted on the 
bedplate which is part of the upper 
end of the conveyor. At the left is 
shown a motor directly connected to a 
hot saw. Here again the motor is 
mounted on a bedplate that is common 
to the saw and motor. Fig. 7 shows 
how a motor larger than was originally 
used, was mounted on a pipe charging 
crane. A steel plate about 1 in. thick 
and large enough to accommodate the 
larger motor was bolted to the original 
bedplate as shown in the illustration. 
The larger motor was then attached 
to the steel plate. 
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Fig. 8—Method of mounting motor 
to ceiling by using steel channels 
that are bolted to the ceiling 
through wood spacers. 


an extension of the base of the driven 
machine. These sole plates should 
be wedged into place and grouted in 
after the motor frame is aligned. 
It is good practice to provide about 
4 in. of shims between the motor 
feet and the sole plate, to allow for 
future adjustment. Sometimes the 
motor feet are provided with set- 
screws for lifting the motor for ad- 
justment of shims. These setscrews 
should be used for adjustment pur- 
poses only and should be relieved 
during operation. 

Particularly in the case of pede- 
stal-type motors, and more commonly 
for alternating-current machines, it 
may be desirable to be able to slide 
the frame for access in making in- 
spections or repairs. This need 
should be borne in mind when provid- 
ing bedplates, sole plates, or bases. 

The use of a hollow, boxlike base. 
particularly when made of light 
structural and plate members, is open 


to objection because slight vibration 


may give rise to objectionable noise 
through the sounding-board effect. 
Motors of the general-purpose type 
may be readily arranged for side 
wall suspension by shifting the bear- 
ing brackets through 90 deg. They 
may then be bolted directly to the 
(Please turn to page 363) 
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Electric 
Heating of 
Liquids and 
Compounds 


together with an analysis 
of the problems involved 
and a description of some 
of the types of equipment 
available for this purpose 


By LEE P. HYNES 


President, Hynes & Cox Electric 
Corporation, Albany, N. F. 


EAT in some form is vital to 
H every industry, but particu- 

larly to those dealing with 
chemicals, liquids and compounds of 
all kinds. In heating such materials 
great care is frequently necessary 
from the standpoints of safety or 
quality of product, and the problems 
involved are usually so varied that 
each case needs careful analysis. 

Heating problems of this nature 
may profitably be divided into three 
general classes, according to the tem- 
peratures required, and the advan- 
tages of various heating methods 
discussed. These classes by temper- 
ature ranges are: Low, up to 100 
deg. C.; medium, from 100 deg. to 
170 deg. C.; and high, 170 deg. to 
500 deg. C. For the low-temperature 
class, steam may be utilized in con- 
junction with a water bath. In the 
medium- temperature class steam 
may be used at pressures corre- 
sponding to the required tempera- 
ture, although the pressure rises to 
approximately 100 lb. per sq. in. at 
170 deg. C. For the high-tempera- 
ture class, fuel-fired furnaces which 
employ coal, coke, gas, or oil, may be 
used. 

Electricity, however, is the only 
heating medium which can be used 
satisfactorily for all three classes of 
work. It would be incorrect to claim 
that it is always the proper means to 
select. That is a question which de- 
pends entirely upon several factors, 
economic as well as technical. Never- 
theless, electricity possesses such 
flexibility and ease of control, that 
it can often be used to very great 
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advantage for large and small jobs. 
The general use of electric motors 
for power purposes has eliminated 
high-pressure steam boilers from 
most plants, except where high-pres- 
sure steam is needed for heating in 
some process. If used intermittently, 
steam may be inconvenient and ex- 
pensive, and often electricity could 
profitably be substituted. 

To apply electric heat successfully 
to any process requires careful de- 
sign of the equipment and a thor- 
ough study of the process. Too often 
the practical operator who is used to 
heating by steam fails to appreciate 
the difference in principle between 
steam and electric heating. Steam 
is a constant-temperature medium 
(at constant pressure) and will give 
up its heat as rapidly as it can be 
condensed. Electric heating is ex- 
actly opposite in principle, being a 
constant-input method. This basic 
difference is clearly illustrated by 
the curves in the chart given in Fig. 
3, which shows the decrease in rate 
of absorption of heat from the 
steam by the surface being heated 


Fig. 1—This vertical 


7,000-gal. 
pitch kettle is electrically heated. 
This kettle is 40 ft. deep, the major 
portion of it being sunk underground 


to prevent heat losses. The pitch in 
it is stirred by means of air jets in 


the bottom of the kettle. Large sec- 
tions of steel conduit are coated by - 
dipping them in the molten pitch by 
means of the jib crane, as shown. 


as the temperature of the surface 
approaches the temperature of the 
steam. Electricity, on the other 
hand, generates a constant quantity 
of heat which must be disposed of 
and, therefore, the temperature of 
the heating element will rise until 
the difference in temperature be- 
tween it and the surface being 
heated is sufficient to cause that con- 
stant quantity of heat to pass. 

In designing any electric heating 
installation it is necessary to con- 
sider at least some of the following 
items: 

(1) Weight of material to be 
heated per unit of time. 

(1) Specific heat of material. 

(3) Conductivity of material. 

(4) Viscosity of material. 
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(5) Permissible maximum temper- 
ature of heated surface in contact 
with material. 

(6) Temperature of boiling point. 

(7) Radiation losses. 

(8) Latent heat of fusion. 

(9) Latent heat of evaporation. 

The necessity of properly consid- 
ering the specific heat is indicated 
by the accompanying table which 
shows the relative amounts of elec- 
trical energy, neglecting radiation, 
required to heat 100 lb. of various 
materials through 100 Centigrade 
degrees. From this table it will be 
noticed that there is a great varia- 
tion in the amount of heat or number 
of kilowatt-hours required to in- 
crease the temperature of various 
materials. 

The importance of allowing for 
the latent heat of fusion where a 
material is to be melted is indicated 
in this same table by the variation in 
kilowatt-hours required to melt 100 
Ib. of various materials, after raising 
their temperature to the melting 
point. 

Hence it is seen that for melting a 
given substance, heat is required for 
raising the substance to the melting 
temperature, as shown in the first 
two columns of the table and also 
for converting the substance from 
the solid state to the liquid as given 
in the last two columns of the table. 
Similarly, heat is required for rais- 
ing a liquid to the boiling point and 
for converting it from the liquid 
state to a gaseous form. In addition 
heat must be supplied to take care of 
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Specific Heat and Other Physical Properties of 
Eight Common Materials 


Kw.-hr. to 
Raise 100 Lb. 
100 Deg. C. 


Material 


radiation and for heating the vessel 
or container of the substance under- 
going treatment. 

In addition to studying all of the 
factors entering into a determination 
of the actual quantity of heat re- 
quired for a particular job, the heat- 
ing engineer must design and apply 
the heating elements so that they 
will correctly distribute the heat, will 
operate within safe temperature 
limits, and will have satisfactory 
insulation for the voltages and tem- 
peratures involved. Also suitable 
regulation for controlling the tem- 
perature must be provided. 

For small work, portable or sta- 
tionary heating pots such as are 
shown in Fig. 2, are useful. These 
pots can be obtained in several dif- 
ferent sizes ranging from 2 to 3 qt. 
to several gallons’ capacity. The 


5-gal. size is commonly used for boil- 
ing pinions in repair shops before 
pressing them on motor shafts. 
These pots are also used for melt- 
ing alloys such as solder, babbitt, 
and the like as well as for heating 


Melting Kw.-Hr. 


to Melt 

100 Lb. 
4.20 
4.05 
0.75 
0.29 
0.49 


Latent Heat of 
Fusion B. t. u. 
per Lb 


144.0 
138.6 
25.7 
10.0 
16.9 


water, oils, and compounds. The 
cable and control for the pots are 
detachable for convenience when 
pouring bearings, splicing cables on 
poles and the like. 

For heating large volumes of 
liquids of considerable viscosity, or 
those which may be carbonized 
or damaged by overheating, it is 
necessary to provide a constant me- 
chanical circulation. This is some- 
times accomplished by means of 
mechanical stirring devices, some- 
times by the introduction of air jets, 
and sometimes by circulating the 
material with a pump. For heating 
oil the last method is usually best. 
At the lower right of Fig. 2 is an 
electrically-heated oil tank designed 
for spraying hot oil on ball bearings 
during the course of their manufac- 
ture. From the spray all surplus oil 
is drained back to a reservoir and 
pumped into the heating tank, thus 
keeping up a constant circulation. 
The temperature of the oil in the 
main tank is controlled automatically. 

A much larger type of circulating 


= Fig. 2—Equipment used 
for heating liquids. 
At left center is shown a 


o-gal. and a 2-gal. pot, 
Which may be used for 
melting alloys. At left is 


a circulating electric oi] 
heater capable of handling 
2,000 gal, per hr. Below 
is shown an electrically- 
heated oll tank designed 
tor spraying hot oll on 
ball bearings during man- 
ufacture, 
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electric oil heater is shown at left, 
Fig. 2. It is made in standard sizes 
to handle as much as 2,000 gal. of 
oil per hour. It consists of an insu- 
lated tank lined with a helical coil 
of steel pipe through which oil is 
circulated by an electrically-driven 
rotary pump. Inside of the pipe coil 
is a cylindrical electric heater which 
heats the oil as it passes rapidly 
through the coil. By properly pro- 
portioning the watts per unit of 
heated coil surface for various veloc- 
ities of oil circulation, almost any 
results that may be desired can be 
obtained. 

These ratings will vary for differ- 
ent grades and velocities of oils, but 


when the proper rating is used there 


should be no carbonizing of the oil 
and no deposit of sediment on the 
interior of the coils, as the scouring 
action of the moving liquid will pre- 
vent this. An equipment of this kind 
is useful for the uniform heating of 
large vats of oil for drawing the tem- 
per of steel tools and springs. The 
thorough circulation, combined with 
automatic control, gives ideal tem- 
perature regulation. This method is 
also useful for preheating heavy fuel 
oil for large oil furnaces, and also 
for heating oil for recleaning by 
centrifugal separators. 

A large electrically-heated vertical 
pitch kettle which holds 7,000 gal. of 
pitch is shown in Fig. 1. This ket- 
tle is 40 ft. deep and 7 ft. 6 in. in 
diameter, being sunk in the ground 
and insulated to prevent heat losses 
to the earth. It is rated at 198 kw., 
550 volts, three phase. The pitch is 
kept constantly stirred by admitting 
air at a pressure of 100 Ib. per sq. in. 
through jets in the bottom of the 
kettle. : 

When dipping large sections of 
steel conduit, the control is set to 
maintain the pitch at a uniform tem- 
perature of 300 deg. to 400 deg. F., 
according to the requirements of the 
particular work in hand. 

Many more examples might be 
cited to show the unique adaptability 
of electricity for heating large and 
small tanks, kettles and industrial 
processes using various liquids and 
compounds, but in every case success 
depends upon a correct analysis of 
the thermal problems involved and 
their proper solution. 

When properly applied, electricity 
frequently has many advantages for 
this class of work over any other 
heating medium. This is especially 
true for temperatures below the tem- 
perature of steam at atmospheric 
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Fig. 3—This shows the basic differ- 
ence between the use of steam and 
electricity as heating mediums. 


The absorption of heat from steam 
falls off as the surface being heated 
approaches that of the steam. Elec- 
tricity generates a constant quantity 
of heat; hence this form of heating 
will cause absorption of a constant 
quantity of heat. 


pressure and for high temperatures, 
above those available with ordinary 
saturated steam. Every case, how- 
ever, is an individual problem of a 
most interesting nature. 


Installation of 
Motors 


(Continued from page 860) 


wall, to a beam, as shown at A on 
page 358, bolted directly to the side 
of the driven machine, as shown at 
H, or bolted to a platform or bracket 
that is fastened to the wall, as shown 
at B, on page 358. 

Fastening the motor directly to 
the wall is the cheaper form of 
construction and usually provides the 
stronger support; however, this form 
of installation is more difficult to 
align and level and the motor is more 
inaccessible, which renders inspection 
and maintenance difficult. For this 
reason, the bracket or platform sup- 
port is usually preferred for wall 
mounting. 

A good bracket mounting is shown 
at A on page 358, For larger motors 
it would be advisable to use angle 
braces to insure sufficient rigidity. 
In the case of large motors it is de- 
sirable that the platform be made 
large enough to allow a man to get 
around to all sides of the motor so 
as to render inspection easy. 

Platforms or mounting brackets 
are often attached to building col- 
umns instead of to walls. In such 
cases, however, care should be taken 
that the bending moment or overhang 
of the motor and platform on the 
column is not enough to cause 
trouble. The motor should be placed 
as close to the column as possible, 
for the closer it is to the column, the 
less will be the stress on the latter. 

Not jnfrequently motors are at- 
tached to the ceiling. This practice 
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is open to the objection that the 
motors are not so accessible as when 
mounted on the floor. However, floor 
space is often at a premium and in 
such cases motors must be mounted 
overhead. In mounting motors on 
the ceiling the principal feature that 
requires attention is security of 
fastening. In general, supports 
which are secured by bolts passing 
through the ceiling to the floor above 
are better than many other forms. 
Lagscrews, expansion bolts, and sim- 
ilar fastenings should not be used for 
fastening motors to the ceiling. In 
buildings having a wood-joist con- 
struction the motor can be easily 
attached to the joists. 

In buildings of concrete or steel 
construction, the use of a double 
channel iron frame bolted to the ceil- 
ing through spacers is suggested as 
permitting ease of installation and 
alignment. Such a construction is 
shown in Fig. 8. In the case of 
motors driving lineshafts, especially 
designed, pressed-steel stringers are 
often used to support the lineshaft 
hangers and use may be made of 
them, as shown in Fig. 4, te mount 
the motor. In this method, box 
beams are imbedded at intervals in 
the ceiling, to which steel cross- 
stringers are clamped. So as to pro- 
vide adjustment in two directions on 
a horizontal plane, two stringers are 
fastened at right angles to the first 
mentioned stringers and the motor is 


clamped thereto, as illustrated in 
Fig. 4. 
When there is sufficient space 


available, it is often preferable to 
mount a motor in an pright position 
on a platform suspended from the 
ceiling. If the distance between the 
motor and the ceiling is sufficient to 
accommodate a man, the motor can 
be easily cleaned and maintained 
while in place. However, with this 
form of mounting it is more difficult 
to prevent movement and vibration 
than when the motor is attached 
directly to the ceiling. For this 
reason the mounting should be 
rigidly constructed with sufficient 
cross-bracing. A clever ceiling 
mounting for a small motor is shown 
at C in the illustrations on page 358. 

This article is the first of a series 
dealing with the mechanical features 
of motor installation. Succeeding 
articles which will appear in early 
issues, will deal with the application 
of couplings, clutches, belts, chains, 
gears, speed reducers, and variable- 
speed transmissions as used to 
connect the motor to the driven 
machine. 
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Some practical information on 


Copper Wire That Is Used 
in Motor Repair Work 


together with handy wire tables and an explanation 
of how they can be employed to save time on every- 
day and special rewinding jobs 


By A. C. ROE 
Renewal Parts Engineering Dept. Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 


D. H. BRAYMER, 
Consulting Editor, Industrial Engineer 


Te vitals of a motor or gen- 
erator are its windings. In 
spite of extreme care and ex- 
pert workmanship on a rewinding 
job, if poor materials are used, or 
those which are not suited to the 
service under which the machine 
must operate, troubles are bound to 
show up and the repair will be un- 
satisfactory and expensive to all con- 
cerned. But when suitable materials 
are used under the same circum- 
stances, a rewound motor will give 
all the service that was expected of 
it when new. 

The base of all windings is copper 
wire in round, square, ribbon or 
strap form, and this wire is insulated 
in various ways by the wire manu- 
facturer. In this article the wire 
itself will be discussed, and the in- 
sulating coverings commonly used 
will be considered in another article, 
to appear in an early issue. 

The electrical conductivity of cop- 
per is second only to that of silver; 
this feature, combined with good 
mechanical strength, is the reason 
for its wide use in electrical wind- 
ings. For round, strap and ribbon 
wire used in windings, the conduc- 
tivity should be not less than 98 per 
cent. Conductivity of 100 per cent 
is based on copper having a resist- 
ance of 0.1530 ohm per meter gram 
at 20 deg. C. (68 deg. F.) or 8.306 
ohms per square mil foot at 25 deg. 
C. (77 deg. F.). For calculating 
weights, etc., the specific gravity of 
the copper should be taken as 8.89 at 
20 deg. C. 

The maximum tensile strength in 
pounds per square inch on tension 
test should be as follows for round 
wire and ribbon: 


0.003—0.020 in. thick, 40,000 Ib. 
Elongation 20% 
0.020—0.050 in. thick, 38,000 Ib. 
Elongation 35% 
Over 0.050 in. thick, 37,000 Ib. 
Elongation 30% 

The elongation in 10 in. should not 
be less than the percentage given 
above. These data are for soft- 
drawn, thoroughly annealed copper 
wire, ribbon or strap, free from scale, 
clean and free from cracks, lamina- 
tions or brittleness. A good grade of 
wire should be free from joints and 
all necessary joints should be iden- 
tical in softness, dimensions, etc., 
with the main body of the wire. The 
strength of any joint should be at 
least 95 per cent of the strength of 
the clear wire. 

A good grade of soft-drawn, square 
or ribbon copper wire should meet 
the bending test given in Table I. 
This test determines the minimum 
diameter of pin that the wire can be 
bent around 180 deg. on edge (edge- 
wise) without fracturing or cracking 
thé edges. The dimensions given in 
Table I are for bare copper and the 
body of the table gives the diameter 
of the pin. 

A few practical tests can be made 
which will enable one to judge the 
grade of wire being supplied. An 
experienced coil winder can usually 
tell whether the wire or strap is too 
hard or springy by the feel of it 
while forming. It is hard to show 
this hardness or springiness in fig- 
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THIS IS the first of a series 
of articles that will deal 
with the various materials 
used in motor and generator 
rewinding and repair jobs. 
Details will be given of the 
materials themselves and 
how they can best be used 
on a particular machine so 
as to save time for the re- 
pairman and help him to 
make sure that the results 
he hopes to get will be real- 
ized with the least possible 
guess-work. This article 
takes up the most common of 
all materials used: namely, 
copper wire, in the shapes 
and sizes most frequently 
employed in motor windings. 
The next article will deal 
with wire insulation. 


ures, but a tension test for per cent 
of elongation will put it in its proper 
class. 

Soft-drawn, annealed copper be- 
comes hard when worked, that is 
bent on edge around small pins or 
bent back and forth a number of 
times at one spot, but by annealing 
at about 300 deg. C. (572 deg. F.) it 
regains its original state, approx- 
imately. Copper may be heated to 
a cherry or dull red and thrown into 
cold water and cooled quickly, or it 
can be allowed to cool in the air and 
it will be equally soft. When the 
copper is heated to a cherry or dull 
red heat, it unites with the oxygen 
in the air and forms one or both of 
two oxides, which are known as black 
copper scale and red copper scale. 
The black scale is infusible, but can 
be removed by quenching in cold 
water after annealing. The main 
points to watch are not to get the 
copper too hot and to keep the water 
cold. Most strap copper bent on edge 
can be annealed around the bends as 


Table I—Diameters of Pins to Use in Bending Test 
for Ribbon and Strap Copper Wire 


Width of Bare Wire in Inches 


Bare Wire, 
Thickness in 


0.000 | 
Inches 


160 
0.160 


to 
180 


180 
to 
260 


365 


260 
| to 
410 


325 
325 


to 
365 


Diameter of Pin to Use in Inches 


0.025 to 0.030 
0.030 to 0.040 
0.040 to 0.050 
0.050 to 0.062 
0.062 to 0.080 
0.080 up 
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described and will not need to be 
cleaned in acid. In annealing cop- 
per, the less air present the smaller 
will be the amount of scale formed. 

Copper does not tarnish in dry 
air, but in damp air in the presence 
of carbon dioxide it becomes coated 


with verdigris or copper carbonate. 


and the outer surface of the copper 
turns green. This is quite often seen 
on wire removed from old machines 
that have been in service for a num- 
ber of years. Where untreated mate- 
rial such as cotton, red rope paper, 
etc., is in close contact with the cop- 
per, the cotton or other untreated 
material absorbs moisture, which in 
turn forms the verdigris. There does 
not seem to be any harm resulting 
from the formation of verdigris on 
copper at normal winding voltages, 
but proper baking and dipping will 
reduce, and in some cases prevent, 
the formation of this verdigris. Sol- 
dering acids (zinc chloride solution) 
and some soldering pastes also form 
this verdigris on the copper with this 
difference: the corrosion penetrates 
and attacks the insulating material. 

When copper wire is to be rubber 
covered, the wire is first tinned, as 
the sulphur in the rubber attacks the 
copper, forming copper sulphide. Tin 
is not affected by sulphur. 

Wire that is used for windings 
of electrical machines can be clas- 
sified according to diameter, width, 
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Table II— Resistance and Dimensions of Standard, 
Annealed, Round B & S Gage Copper* 


Cross Section 
Mile Tone 
211600. .1662 
167800. -1318 
133100 1045 
105500. 08289 
83690. 06573 
66370. 05213 
52640. 04134 
41740. 03278 
33100. 02600 
26250. 02062 
20820. 01635 
16510. 01297 
13090. 01028 
10380. 008155 
8234. 006467 
6530. 005129 
5178. 004067 
4107. 003225 
3257. 002558 
2583. 002028 
2048. 001609 
1624. 001276 
1288. 001012 
1022. 0008023 
810.1 0006363 
642.4 0005 
509.5 0004002 
404.0 0003173 
320.4 0002517 
254.1 0001096 
201.5 0001583 
159.8 -0001255 
126.7 00000953 
100.5 00007894 
79.70 | 00006260 
63.21.0000 1961 
50.13 | . 00003937 
39.7 00003122 
31.52 0002475 
25.00 | 00001964 
19.83 | .00001557 
15.7 .00001235 
000009793 


sse | 


d wlio t inj io in 


88888 


100.2 


01750 21010. 


03774 26500. 
02993 33410. 


Resistance of Pure Copper 
at 23 C. (77° F.) 


Pouads 
roat re Ob 9 
0001241 
, 20001974 
, 0003138 
: 0004990 
; 0007934 
792.7 001262 
498.6 : 
313.5 "003189 
197.2 005071 
124.0 : 
77.99 01282 
49.05 02039 
30.85 03242 
19.40 05155 
12.20 08196 
7.673 130³ 
4.826 2072 
3.035 3295 
1.909 ‘5239 
1.200 8330 
7549 1.325 
‘4748 2.106 
2986 3.349 
1878 5.325 
1181 8.467 
07427 13.4 
04671 21.41 
02938 34.04 
01847 54.13 
01162 86.07 
‘007307 | 136.8 
004595 217.6 
002890 | 346.0 
001818 | 550.2 
001143 | 874.8 
0007189 1391. 
0004521 | 2212. 
0002843 3517. 
0001788 5592. 
0001125 8892. 
0000707414140. 
— 0004418 22480. 
0000279845740. 


From Bureau of Standards Circular No. 31. 
Norte: The values given in the table are only for annealed copper of the 


standard resistivity. 


The user of the table must apply the proper correction 


for copper of any other resistivity. Hard-drawn copper may be taken as about 
2.7 per cent higher resistivity than annealed copper. 


Table III— Equivalent Cross-Sections of Bare, Solid and 
Stranded B & S Gage Wires* 


26 25 


261.207] 1¢ 
164 1 


30 | 29 | 28 | 27 | 26 | 25 2423 | 22 


*Rome Wire Company. 


Notre: The upper and lower lines of figures indicate the sizes. 
the table gives the number of wires equivalent in cross-section to the sizes in 


the right and left margins. 


ou 
NN 
RW em 


AOA 
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— 


24 | 23 | 22 | 23 | 20] 19 | 18 | 17 1615/14131 2P110100 927665430 


212019 | 18] 87 [1G US| As) IZ; IZA 10; 9; SL Tle slaisjo 


The body of 


thickness, etc. The B & S wire gage 
is usually used in the United States. 
A complete history of the wire tables, 
sizes, etc., will be found in Circular 
No. 31 of the Bureau of Standards, 
Washington, D.C. (Price 10 cents.) 

Table II gives the standard Amer- 
ican wire gage (B & S) data for bare 
round copper wire. This table is 
taken from the above circular. The 
cross-sectional area of all wire in 
this series of articles will be given 
both in circ.mils and square inches 
for round and square wire, and in 
square inches only for ribbon and 
strap forms. 

In writing up coil specifications 
covering round wire the decimal size 
of the wire will be found more con- 
venient than the B & S gage num- 
ber. For example: 50 Ib. of 0.0641 
round copper magnet wire. 

Wire Table Short Cuts.—Since the 
American (B & S) wire gage is 
formed by geometrical progression, 
there are a number of easily remem- 
bered ratios that will enable one to 
compute any wire size ratings with- 
out the necessity of referring to a 
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wire table. These figures will be 
correct to within 2 per cent. 

The resistance, mass, and cross- 
section of round wire vary with the 
square of the diameter. The next 
size larger or smaller than any given 
size is 1.26 X X or X — 1.26, where 
X is the circ.mil area of the known 
size. For example: Take a No. 10 
(0.1019 in.) wire which has an area 
of 10,380 circ. mils. Then 1.26 X 
10,380 == 13,084 circ. mils, which ac- 
cording to Table II is a No. 9 
wire. Also, 10,380 — 1.26 = 8,233 
circ. mils, which is No. 11 wire. 

For every ten gage sizes the re- 
sistance, pounds per 1,000 ft., and 
cross-section are divided by 10 or 
multiplied by 10. For example: A 
No. 20 wire is w the area of a No. 
10, and a No. 20 has ten times the 
resistance of a No. 10, etc. 

Every third larger gage number is 
twice the area, and every third smaller 
gage number is one-half the area 
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of any given wire size. For example: 
A No. 10 wire has an area of 10,380 
circ. mils; then 10 plus 3 or No. 13 
wire has an area of 5,178 circ. mils. 
When one line of the wire table is 
memorized, the data for any other 
gage size can be computed for rough 
work by these approximate rules. 

The cross-sectional area of round, 
square, and ribbon wire is usually 
given in circular mils. The cross- 
section in circular mils of a single 
wire is the square of its diameter in 
mils. The mils equal the diameter in 
inches times 1,000. If D equals the 
diameter in mils, circ. mils equal D 
X D. Thus, the diameter of a No. 
10 wire is 0.1019 in.; then D in mils 
equals 0.1019 X 1,000 = 101.9, and 
the circ. mils equal 101.9 X 101.9 or 
10,836. 

In computing the cross-sectional 
area of square or ribbon wire and 
copper strap, the copper loss in the 
rounding of the corners must be 
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taken into consideration. The cross- 
section of copper strap is generally 
given in square inches. Then to 
compare a strap with a ribbon or 
round wire, it is necessary to convert 
the square inches to circular 
mils. Cire. mils equals sq. in. — 
0.000,000,7854. A quicker method is 
to divide the sq.in. by 1,000,000 and 
then divide the result by 0.7854. 

Table III is a very handy one for 
the repairman. This table gives the 
number of B & S gage wires equiv- 
alent to one large wire. For example, 
the first and last vertical columns 
give the B & S gage size from 0000 
to 24. The top and bottom horizontal 
lines give the B & S size from 0 to 
20. By consulting the horizontal line 
for No. 8 wire, we find that one 
No. 8 is equal to 164 No. 30 wires, 
130 No. 29 wires, etc. 

This is a handy table when a rush 
job comes up and the required wire 
size is not in stock. It shows all the 


Table IV— Outside Diameter of Round Copper Wires with 


Different Types of Insulating Coverings 


B & S Cross Section 
Gauge — —äU—dſ Bare 
Size Diameter 
Circular Square in 
Mils Inches Inches 
0000 211,600 0 1662 0. 4600 
000 167.800 0 1318 0. 4090 
00 133,100 0 1045 0. 3648 
0 105,500 0. 08289 0.3249 
| 83,690 0.06573 0 2893 
2 66.370 0 05213 0. 2576 
3 52,640 0.04 34 0.2294 
4 41,740 0. 03278 0. 2043 
3 33,100 0 02600 0.1819 
6 26,250 0.02062 0 1620 
7 20,820 0 01035 0. 1443 
8 16,510 0.01297 0 1285 
9 13.090 0 01028 0.1144 
10 10,380 0 00816 0.1019 
11 8.234 0.00647 0 0907 
12 6,530 0.00513 0. 0808 
13 5,178 0 00407 0 0720 
14 4,107 0.00323 0 0641 
15 3,257 0 00256 0 0571 
16 2.583 0.00203 0.0508 
17 2,048 0.00161 0.0453 
18 1,624 0 00128 0.0403 
19 1,288 0 00101 0.0359 
20 1.022 0. 000802 0.03196 
21 810.1 0 000636 0 02846 
22 642.4 0.000505 0.02535 
23 509. 5 0 000400 0.02257 
24 404.0 0.000317 0.02010 
25 320. 4 0 000252 0.°1790 
26 254. 1 0.0001996 0.01594 
27 201.5 0 0001583 0. 01420 
28 159.8 0.0001255 0.01264 
29 126.7 0 0000995 0.01126 
30 100 5 0 00007894 | 0.01003 
31 79 70 0 00006260 | 0 008028 
32 63.21 0. 000049604 | 0.007950 
33 50. 13 0 00003937 | 0.007080 
34 39.75 0 00003122 | 0.000305 
35 31.52 0 00002476 | 0 005615 
36 25.00 0.00001964 | 0 005000 
37 19. 83 0 00001557 | 0.004453 
38 15.72 0 00001235 | 0 003965 
38 12 47 0 00000979 | 0 00353] 
.888 | 0.00000777 0. 003145 


Diameter of Wire Over Insulation in Inches 


Double 
Single Double Single Cotton 
Enamel | Cotton Cotton Cotton and 
Covered | Covered | Covered and Enamel 
(EN) (S-C-C) | (D-C-C) | Enamel | (D-C-C- 
(S-C-EN) EN) 
Dottie’ 0. 4690 0. 4780 N . 
„ 0. 4186 0.4276 e tists mere 
ees 0 3738 0. 3828 e OR 
e 0. 3319 0. 3429 e ee 
sation 0. 2983 0. 3073 e . 
sere saa 0. 2666 0. 2756 E REREPEN 
ee 0. 2384 0.2474 F 
e 0. 2133 0. 2223 N e 
. 0. 1909 0. 1999 e acd Serer 
ö O 1700 0. 1780 e e 
N oe 0. 1523 0. 1603 Scere saath 
0. 1300 0. 1355 0.1425 0. 1355 0. 1410 
0.1164 0. 1204 0.1264 0.1220 0.1274 
0. 1038 0 1069 0. 1119 0. 1093 0 1148 
0.0927 0.0957 0. 1007 0. 0882 0. 1037 
0. 0828 0. 0858 0.0908 0. 0883 0.0938 
0.0740 0.0770 0.0820 0.0795 0.0850 
0. 0660 0.0691 0.0731 0.0715 0.0770 
0.0585 0. 0621 0.0661 0. 0640 0.0695 
0 0523 0.0558 0.0598 0.0573 0.0623 
0.0467 0.0502 0.0542 0.0517 0.0563 
0.0418 0 0453 0 0493 0 0468 0 0518 
0.0374 0. 0409 0.0449 0.0424 0 0474 
0.0334 0.0370 0.0410 0.0379 0.0424 
0.0294 0 0335 0.0375 0. 0339 0.0384 
0.0263 0.0303 0.0343 0.0308 0.0353 
0.0236 0.0276 0 0316 0 0 81 0. 0326 
0.0210 0 0251 0.0291 0.0255 0.0300 
0.0187 0.0229 0.02469 0.0232 0.0277 
0.0167 0.0209 0 0249 0.0207 0.0247 
0.0149 0.0192 0.0232 0 0189 0.0229 
0.0133 0.0176 0.0216 0.0173 0.0213 
0.0120 0 0163 0.0203 0 0160 0.0200 
0.0107 0.01502 | 0.01802 | 0.0147 0.0187 
0 0094 0 01392 | 0.01792 | 0.0134 0.0174 
0.0084 0.01295 | 0.01695 | 0.0124 0.0164 
0.0075 0 01208 | O 01608 0.0115 0 0155 
0.0008 „ 0.01130 | 0.01530 | 0.0108 0 0148 
0 0060 0 0106! 0 01461 0.0100 0 0140 
0.0054 0.01000 | 0.01400 | 0.0094 0.0134 
0 0048 0 00945 | 0 01345 | 0.0088 0 0128 
0 0043 0 00896 | 0.01296 | 0.0083 0 0123 
0 0038 0.00853 | 0.01253 | 0.00896 0 01296 
0.0033 0.00814 | 0.01214 | 0.00857 | 0.01257 


Single Double 
Triple Single Double Silk Silk 
Cotton Silk Silk and and 
Covered | Covered | Covered | Enamel | Enamel 
(T-C-C) | (S-S-C) | (D-S-C) |(S-S-EN)| (D-S- 
EN) 
)) ͤ ͤ v oaGae tees ; 
04356: i Bae arasa oe an e cased aes 
VVV [aa [Paaa Paaa | 
J)) ↄ k | 
f A teed: | 
%%%%öÜé[—:9ů ²ꝛ T 
J)TTCC( ð v 8 | 
i Paaa Pa Paaa 
rr | 
jͤCCCCCTCCu0u00u eee? E EA 
Oe PGBs Meret oh fa seat eas, 8 
AMG re acct Steel) | apace, I hese ge), hel] its ie ease 
ß/;ͤ;r ] %; | 
))); ᷣ argh ete I neeiese Torrekoa ! 
//öͤ w y 
))) isoat yt 85 Paa oh ante Sates 
h w ore alk gcc es 
) ⁰⁰õ⁰y vy Week oa 
0.0711 | 0.0591 | 0.0610 | 0.0607 | 0 0627 
0.0648 | 0.0523 | 0.0547 | 0.0543 | 0 0563 
0 0592 | 0.0472 | 0 0491 | 0.0486 | 0.0505 | 
0 0543 | 0.0423 | 0 0442 | 0.0437 0 0457 
0.04 9 | 0 0379 | 0.0398 | 0.0393 0 0413 
0.0450 | 0.0340 | 0.0359 | 0.0352 | 0.0371 
0.0425 | 0.0305 | 0.0324 | 0.0316 | 0.0335 
0 0393 | 0.0273 | 0.0292 | 0.0285 | 0.0304 
0 0366 | 0.0246 | 0.0'65 | 0 0256 | 0.0275 
0.0.41 0.0221 | 0.0240 | 0.0232 | 0.0251 | 
0 031) | 0.0199 | 0.0218 o 0209 | 0.0728 
0.0299 | 0.0179 | 0.0198 | 0.0189 | 0 0208 
0 0282 | 0.0162 | 0.0180 | 0 0171 | 0.0189 
0 0266 | 0.0146 | 0.0164 | 0.0155 | 0.0173 | 
0.0253 | 0.0133 | 00149 o 0140 | 0.0156 
0.02402 | 0.01202 | 0 01362 | 0.01285 | 9.01445 
0 02292 | 0.01092 | 0.01252 | 0.01167 | 0 01327 | 
0 02195 | 0.00995 | 0.01155 | 0.01065 0 01225 
0.02108 | 0.00908 | 0.01058 | 0.00973 | 0.01133 
0 02030 | 0 00830 | 0 09990 | 0 00890 0.01050 | 
0.0196! | 0 00761 | 0 09921 | 0 00816 | 0 00976 
0.01900 | 0.00700 | 0.00860 0.00750 0 009 10 
I 
0.01845 | 0 00545 o 00805 | 0.005694 | 0 00854 | 
0.01786 | 0 00596 | 0.00756 0 00039 0 00799 
0.01753 | 0 00553 | 0.00713 | 0 00596 0 00756 
0.01714; 0.00514 | 0.00674 | 0.00557 | 0 


00717 | 
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possible combinations that will give 
the same cross-sectional area of cop- 
per. Of course, the space factor 
(room in the slot) and the mechani- 
cal arrangement of the wires in the 
slot will be the deciding factors on 
the number of smaller wires that can 
be used. On the other hand, assume 
that an old type machine is being 
considered, having partly closed slots: 
with large conductors and a shove- 
through type of winding of low volt- 
age. The table will indicate the 
number of wires in hand of the size 
that will go through the slot opening, 
to permit the use of a mush coil, 
two-layer winding. 

For example, assume that the old 
winding used a No. 9 wire and that 
the slot opening would allow a No. 
16 wire to pass. We then find No. 16 
in the top horizontal line and look 
down this column to the No. 9 line 
where we find the figure 5 which 
means that five No. 16 wires are 
equal to one No. 9. In the above 
example the five No. 16 bare wires 
will have the same copper cross-sec- 
tional area as the one No. 9 wire, but 
the room required in the slot for the 
five wires will be greater due to 
there being morę cotton insulating 
material that must be considered. 

Copper wire, round, square, ribbon 
or strap, must be insulated before be- 
ing used in the construction of elec- 
trical windings. For round wires, 
this insulation may consist of coating 
the wire with enamel, or wrapping 
it with one, two or three layers of 
cotton or silk, or using an asbestos 
covering, or some combination of the 
above. The following are the va- 
rious insulations applied to wire and 
the standard abbreviations used to 
designate each covering: 


(1) Enamel covered wire......... En. 
(2) Single cotton covered. . . .. S. C. C. 
(3) Double cotton covered D. C. C. 
(4) Triple cotton covered...... T. C. C. 
(5) Single silk covered. . . . . S. S. C. 
(6) Double silk covered D. S. C. 
(7) Single cotton and enamel 
covered S. C. & En. 
(8) Double cotton and enamel 
coveredſdſſddd &En. 
(9) Triple cotton and enamel 
covered T. C. & En 
(10) Single silk and enamel 
covered dd S. S. & En. 
(11 Double silk and enamel 
covered ............. D.S.&En 


(12) Asbestos covered. There are three 
grades of asbestos coverings; 
these will be explained later 
under the proper heading. 

(13) Asbestos covering with one or two 
reinforcing coverings of cotton. 


Table IV gives the over-all diam- 
eters of the B & S gage round wires 
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Table V—Dimensions, Weight and Resistance of 
Round, Enamel-Covered Magnet Wire 


Diameter Feet Pounds Ohms Pounds 
B. & S. | Bare Wire per per per per 
Gage in Inches Pound 1,000 Feet Pound Ohm 
8 0.1280 19.9 50.2 0.0125 80.0 
9 0.1144 25.1 39.8 0.0198 50.5 
10 0.1018 31.6 31.6 0.0315 31.7 
11 0.0907 39.8 25.1 0.05C0 20.0 
12 0.0808 50.2 19.9 0.0796 12.6 
13 0.0719 63.2 15.8 0.126 7.94 
14 0.0641 79. 6 12.6 0.201 4.97 
15 0.0571 100 10.0 0. 318 3.14 
16 0.0508 125 7.94 0.505 1.98 
17 0.0453 160 6.25 0.809 1.24 
18 0.0403 202 4.95 1.29 0.775 
19 0.0359 254 3.94 2.04 0.490 
20 0.0320 319 3.14 3.24 0.319 
21 0.0285 402 2.49 5.14 0.195 
22 0.0253 506 1.98 8.16 0.123 
23 0.0226 638 1.57 13.0 0.0770 
24 0.0201 804 1.24 20.6 0.0485 
25 0.0179 1,010 0.990 32.6 0.0307 
26 0.0159 1,280 0.782 52.2 0.0192 
27 0.0142 1,610 0.621 82.7 0.0121 
28 0.0126 2,030 0.492 132 0.00758 
29 0.0113 2,560 0.391 209 0.00478 
30 0.0100 3.220 0.311 332 0.00301 
31 0.0089 4,050 0.247 527 0.00190 
32 0.0079 5,100 0.196 835 0.00120 
33 0.0071 6,420 0.156 1,330 0.00075 
34 0.0063 8,080 0.124 2,100 0.00048 
35 0.0056 10,200 0.098 3,350 0.00030 
36 0.0050 12,800 0.0782 5,300 0.00019 
37 0.0044 16,100 0.0621 8,410 0.00012 
38 0.0040 20,300 0.0492 13,400 0.000075 
39 0.0035 25,500 0.0392 21,200 0.000047 
40 0.0031 32,100 0.0312 33,600 0.000030 


when insulated with the coverings 
above listed as 1 to 11. 

Enamel Covered Magnet Wire.— 
This wire is mostly used in small 
magnet and field coils and in winding 
small armatures such as are used in 
vacuum cleaners, small drills, etc., 
and is also used to some extent for 
small shunt field coils. 

Bare copper wire should have the 
characteristics already explained and 
the enamel covering should have the 
tollowing good features: 

The enamel should adhere strongly 
to the wire and should not crack or 
split when subjected to the following 
test: Bake a sample at 100 to 110 
deg. C. for at least 24 hr. and then 
bend it around a mandrel having a 
diameter of 14 times the diameter of 
the wire for 0.0179-in. and smaller 
wire, or three times the diameter for 
0.02-in. to 0.04-in., and four times 
the diameter for wire 0.04 in. and 
above. Under this test the enamel 
should not crack or peel and when 
subjected to an elongation test, a 
piece 10 in. long should elongate at 
least 25 per cent before cracking or 
peeling. This covering should not 
soften when subjected to baking at 
a temperature of 100-115 deg. C. for 
a period of at least 5 hr. A slight 


stickiness is an indication of soften- 
ing of the enamel coating. 

The enamel covering on the wire is 
generally tested by the wire manu- 
facturers for bare or weak spots by 
passing the wire through a mercury 
bath at the rate of 600 ft. per min- 
ute; the voltage between the mer- 
cury and copper ranges between 25 
and 75 volts direct current, according 
to the diameter of the wire. The 
number of faults per 100 ft. is used 
as the base upon which the wire is 
passed. 

Other electrical tests can be made 
as follows: Wind at least ten turns 
around a metal mandrel in. in diam- 
eter, the surface of which is smooth, 
that is free from burrs, lumps, etc.; 
then test between the wire and man- 
drel with direct current. The wire 
should stand at least 500 volts for 
1 min., or the voltage can be in- 
creased until breakdown occurs. 
This test? will indicate what one 
thickness of covering will stand. 

To test between layers, wind two 
layers of the wire, one on top of the 
other, on a smooth mandrel approx- 
imately 4 in. in diameter. Each 
layer should be at least 1 in. long. 
Then apply direct current voltage be- 
tween layers. The enamel should 
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stand at least 500 to 1,000 volts be- 
fore breakdown occurs. 

The above tests will indicate the 
quality of the wire, but will not 
guarantee that the wire will stand 
up under abuse. For example, in 
winding small field coils, if the ten- 
sion is applied to the rim of the reel 
or spool on which the wire is wound, 
care must be taken that the tension 
is not too great, as in this case the 
wire will be imbedded in the layers 
cn the reel, causing rubbing and peel- 
ing of the enamel. Also, if a heavy 
tension is used and the winding ma- 
chine is started with a jerk, the snap 
imparted to the wire will tend to 
crack the enamel. These points are 
mentioned because when trouble is 
experienced with coils wound with 
enameled wire it is usually some 
small detail of the method of apply- 
ing the wire or handling it that 
causes the trouble. 

Passing enameled wire through 
clamps will cause trouble if the wire 
is clamped too tight. The rubbing 
cr friction generates heat which 
tends to soften the enamel and, in 
conjunction with the rubbing action, 
weakens the covering. Proof that 
the clamp generates heat can be 
found by feeling the wire on each 
side of a clamping block while an 
armature is being banded. 

Transformer or lubricating oils, 
or any material having an oil base, 
have practically no effect on enameled 
wire over long periods of time. The 
commercial grades of kerosene, ben- 
zine, naphtha, and gasoline have, 
however, a slight effect, but it would 
take hours of soaking to dissolve the 
enamel coating. High-test gasoline, 
turpentine and coal tar products, such 
as benzol, have a solvent action. 

All alkalis have a bad effect on the 
enamel coating, and the stronger 
caustics, potassium and sodium hy- 
droxide, etc., soon destroy it. The 
diluted or weaker alkalis have a less 
harmful effect on the enamel, and 
with many of the weaker solutions 
the enamel will last for a consider- 
able length of time. 

It is claimed that the enamel will 
withstand inorganic acids, such as 
nitric (sp.gr. 1.25), sulphuric (sp.gr. 
1.2), hydrochloric (sp.gr. 1.1), for a 
normal length of time (immersion 
for 48 hr.) without injury. 

A solution of 10 per cent alcoholic 
potash will remove the enamel in 30 
to 45 min. 

Enameled wire will stand a high 
heat longer than cotton-covered wire, 
or 100 deg. C. (212 deg. F.) con- 
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tinuously, and due to the higher heat 


‘conductivity of the enamel, the 


dimensions of magnet coils can be 
decreased. 

In general the following are the 
advantages of enameled wire: A 
dielectric strength of 600 volts per 
mil thickness; elasticity of the coat- 
ing permitting bending around smal] 
radii without cracking or peeling;, 
a film that is as hard as consistent 
with elasticity, to withstand abra- 
sion; close adhesion of the enamel 
under wire tension; non-ageing or 
little affected by continued heating 
and cooling; ability to withstand 
temperatures that would spoil cotton 
covering. A high grade of enameled 
wire will withstand 149 deg. C. (302 
deg. F.) without harm. A better 
space factor for all classes of wind- 
ings and better heat radiating prop- 
erties for magnet and field coils, and 
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a lower over-all cost per pound, are 
other advantages that accrue from 
the use of enameled wire. 

From the data given above, a study 
of the conditions of manufacturing 
and operating will determine whether 
enameled wire will prove satisfac- 
tory for a given winding. 

In general, starting windings of 
single-phase motors, fan motor wind- 
ings, for both direct and alternating 
current, and direct-current armatures 
for motors up to 2-hp., including 
drills, etc., can be wound with enam- 
eled wire. 

Table V gives the weights, lengths, 
etc., of enamel-covered wire. A 
stock of the sizes from No. 19 to 
No. 30 inclusive, will be found to 
cover most repair jobs. 

The properties and characteristics 
of cotton insulation will be discussed 
in the next article. 


Organization of Industrial Plant 
Fire Departments 


By A. A. BECKWORTH 
Director, Technical and Industrial Re- 
search Division, The Sherman 
Corp., New York, N.Y. 


IRE-FIGHTING apparatus will 
F found in nearly every indus- 

trial plant, but the advantages 
of having this equipment at hand 
are nullified if a corps of trained 
men has not been established for 
using such apparatus efficiently in 
case of emergency. The statement 
is generally made that the first 5 
min. of a fire are more important 
than the next 5 hr. Attempts have 
been made in many cases to organize 
fire brigades, which have been 
allowed to struggle along for a short 
while, and then interest has dropped 
to the point where these brigades are 
no longer of sufficient value to act as 
a real protection to the plant. The 
following outline indicates suitable 
organization plans for fire brigades 
in industrial establishments of 
various sizes. 

Unless the plant is very large or 
unusually hazardous materials are 
used in the processes, the usual plan 
is to organize fire brigades from 
among tke working personnel in the 
plant. The efficiency of such bri- 
gades will depend largely on the care 
with which the members are chosen. 
Intelligent, loyal, and constructive- 
minded individuals should be selected 
who are alert and physically able to 


undertake the duties involved. Some- 
times it is advisable to give prefer- 
ence to men who live comparatively 
near to the plant, or within hearing 
distance of the general fire alarm. 
Where a plant operates more than 
one shift, brigades should be formed 
with men from each shift. 

Fire brigade members should, of 


course, be able to speak and under- 


stand English, and should be thor- 
oughly familiar with the general 
layout of the plant and with the 
various operations performed. 
Thorough knowledge of stairway 
locations, elevator shafts, hazardous 
places, and the nearest fire-fighting 
apparatus, must be possessed by 
every brigade member, in order to 
prevent confusion, or accidents. 

With proper constructive educa- 
tion, membership on the fire brigade 
can be made to be deemed a privi- 
lege by the employees. In addition 
to a badge, brigade members should 
be provided with passes that will 
enable them to secure admittance to 
the plant in case of fire’outside of 
working hours. It is sometimes 
advisable to add an incentive in the 
form of a small bonus paid quarterly 
or semi-annually. In addition, the 
brigade members should receive 
their regular rate of pay while on 
fire drill or duty. 

Strict discipline should be main- 
tained among the brigade members, 
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and failure to report for practice at 
fire drills, or in case of fire, should 
involve some fine for the delinquent 
members. In cases where a bonus is 
allowed, the record of attendance at 
drills should be kept and the mem- 
bers penalized for their failure to 
maintain perfect records. Such fines 
can be placed in a special fund and 
used either for purchasing additional 
equipment, or for entertainment 
features. 

For plants of fairly large size the 
following general plan of organiza- 
tion is suggested: Fire Chief, 
Assistant Chief, Company or Floor 
Captains, Company or Floor Lieuten- 
ants, and Brigade Members. 

For medium-sized plants, the 
Assistant Chief may not be needed, 
while for small plants the officers in 
the brigade can be the Fire Chief 
and Company Captains. In addition 
to the foregoing members of the 
brigade, it is advisable to have in 
each organization one or more em- 
ployees of the Plant Maintenance 
Department, who are familiar with 
the plant piping systems and with 
the operation of all valves. An elec- 
trician who has a thorough knowl- 
edge of the distribution system in 
the plant should also be a member of 
the brigade. These special men 
should respond to all alarms and be 
subject to the orders of the Chief or 
Assistant Chief. 

The duties of the Fire Chief are 
such that they require a man of out- 
standing caliber and integrity for this 
position. Some times it is advisable 
to choose a man who has had pre- 
vious experience in fire department 
work, to devote all of his time to the 
development and training of a bri- 
gade. In other cases, or in smaller 
plants, either the Master Mechanic 
or foreman of some important de- 
partment should be chosen for this 
office. It is necessary for the Chief 
to have the respect and obedience of 
the men under him at all times. 

The Assistant Fire Chief will act 
as the aid to the Chief, and closely 
superintend the training and de- 
velopment of the entire department. 
When more than one shift is work- 
ing, the Assistant Chief usually 
takes care of one shift, but at all 
times, he is subject to the orders of 
the Fire Chief. In a medium-sized 
plant, the Senior Captain may act as 
Assistant Chief. 

The Company or Floor Captains 
are important officers in the brigade 
organization. Where the plant is 
divided into various sections, the 
Captain is in charge of his particu- 
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lar section; in cases where a plant 
occupies several floors in a building, 
it is advisable to have a Captain for 
each floor. Too much care cannot be 
exercised in selecting the proper 
men for Captains. These officials 
should be workers who are known to 
be constructive and loyal, and who 
hold the respect and obedience of the 
men. Often it is advisable to choose 
foremen or assistant foremen to fill 
these positions. Captains should be 
graded according to seniority and 
efficiency; they take charge of the 
brigade in case of the absence of the 
higher officers. 

The Company or Floor Lieuten- 
ants are direct assistants to the 
Captain, and the Senior Lieutenant 
takes charge of the Company in the 
absence of the Captain. Brigade 
members who have shown efficiency 
in service in the ranks should be 
promoted to be Lieutenants, and on 
up through the staff as vacancies 
occur. 

As a general rule, the fire-fighting 
organization should be arranged so 
as to utilize the special knowledge 
and experience of the members. For 
this purpose, a brigade should con- 
sist of several companies, each of 
which is delegated to handle special 
kinds of apparatus, and to attend to 
specific duties in case of fire. Of 
course, in a very small plant, the 
brigade companies are usually all- 
round firemen, but in larger plants, 


Part of the fire brigade at Bausch 
& Lomb Optical Company, Roch- | 
ester, N. Y. 


The complete brigade consists of 

Chief, two Assistant Chiefs and 29 
men, who are grouped into two hose 
companies two chemical companies 
an vage corps. The men are 
povided with rubber hats, coats and 
oots. The Chief was formerly a 
captain with the city fire department. 
This illustration is * cal ag of 
Foamite-Childs Corp., tica, N. Y. 
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specialization is recommended. 

ong the special companies to be 
organized are: Hose Company, 
Hook and Ladder Company, Chem- 
ical Engine Company, Standpipe 
Company, Hand Extinguisher Com- 
pany, Pump Men, Special Men and 
Salvage Corps. 

Hose companies should be made 
up of not less than ten men, includ- 
ing the Captain and Lieutenant. One 
man should be assigned to hydrant 
duty, and at least four men for each 
line of hose operated. Not more than 
two lines of hose should be assigned 
to a company. Where only one line 
of hose is to be operated, the com- 
pany can be made up of only five 
men. 

The Hook and Ladder Company 
should be made up of not less than 
nine men, including the Captain and 
Lieutenants. The exact number will 
depend on the type of building, ex- 
posure, and character of operations. 
The Hook and Ladder Company at- 
tends to the placing of ladders, 
handling and use of chemical ex- 
tinguishers from trucks, opening of 
roofs, floors and partitions, wreck- 
ing, and such other fire duties as are 
necessary in the judgment of the 
Chief. 

The members of the Chemical En- 
gine Company are usually six in 
number, including the Captain and 
Lieutenant, and they have charge of 
operating the engine tank, adjusting 
and manipulating the valves, and re- 
charging. They should be held re- 
sponsible for keeping the tank fully 
charged and ready for service at all 
times. 

In plants equipped with an in- 
terior standpipe system, a separate 
Standpipe Company should be organ- 
ized to handle the hose lines con- 
nected therewith. A sufficient num- 
ber of members, usually not less than 
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six, should be chosen so that at least 
four men will be available for each 
of the interior hose lines. In each 
squad, there should be a valve man 
whose duties are to remain at the 
valve to turn the water on and off, 
and to assist in unreeling the hose 
line. Where standpipe systems are 
supplied from gravity tanks or by 
means of connections with city water 
mains, there should be a main valve 
man who is responsible for seeing 
that the valve between the source of 
supply and the standpipe system is 
open or shut as directed by the offi- 
cer in charge. 

The members of the Hand Ex- 
tinguisher Companies must know the 
most effective methods for bringing 
into use the various types of ex- 
tinguishers provided in the plant. 
They should know how to handle 
each type of extinguisher properly, 
although any worker is permitted to 
use an extinguisher within his reach 
as soon as a fire occurs in his imme- 
diate vicinity. Where the plant fire 
system is supplied by local fire pumps, 
it is advisable that the engineer and 
his assistant be enrolled in the fire 
brigade so that they will be able to 
assure the proper working of the 
pump in case of fire. 

In plants where valuable stock or 
machinery is likely to be damaged by 
water, a company of men under the 
direction of a Captain and Lieuten- 
ant should be organized into a Sal- 
vage Corps. These men should be 
instructed in the best methods of 
covering up stock and machinery, 
and for saving valuable records. In 
some cases, suitable equipment such 
as rubber or fireproof blankets 
should be provided for the Salvage 
Corps, and located in a convenient 
place. 

The exact nature of the equipment 
used by the fire brigades will depend 
on the size of the plant, but in every 
case all equipment should be kept in 
first-class order at all times, and 
centrally located. Protective cloth- 
ing for the brigade members is also 
desirable, and such clothing should 
be kept in the proper location when 
not in use. Care must be taken to 
see that some of the members do not 
take such equipment home and fail 
to return it promptly. Gas masks 
and similar equipment are often pro- 
vided to cope with special problems 
that pertain to the individual plant. 

The success of any fire-fighting 
organization depends on the prompt- 
ness with which the brigade com- 
panies report and their efficiency in 
handling the equipment. Such effi- 
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When the Fire Alarm Sounds 
All Workers Must: 


Stop work. 

Shut off power. 

Stop machines. 

Shut off gas and other open 
flames. 

Close doors and windows 
opening upon or under fire 
escapes. 

Put chairs, stools and other 
obstructions on top or under 
benches to clear the passage- 
ways. 

Form line promptly with front 
of column facing the usual exit 
and wait for word of command 
from Floor Captain. 

At the command to march, 
march in an orderly manner 
from the building, two abreast, 
not crowding upon the couple in 
front, and following the aisle 
leaders. 

Preserve the space in lines 
between yourself and the couple 
in front of you. 

Retain formation until dis- 
missed or until the line is re- 
turned to building. 

Don’t run. 

Don’t lag behind, breaking up 
columns. 

Don’t scream or make un- 
necessary noise. 

Don’t laugh or talk. 

Don’t cause confusion. 

Don’t remain in toilet or 
dressing rooms. 

Don’t return for your clothing. 

Don’t try to use elevators. 

Don't try to leave the build- 
ing except in accordance with 
fire regulations. 

Don’t fail to assist in carry- 
ing out instructions. 


—————— — 


ciency can be developed only through 
frequent and thorough fire drills. 

It is best to hold drills at unex- 
pected times, and announce them by 
sounding the usual fire alarm. These 
drills should be thorough and seri- 
ous, and every individual in the fire 
brigade as well as throughout the 
whole plant should respond imme- 
diately, just as though there actually 
were a fire. The members of the 
various companies should go through 
their duties completely. 

When the fire drills are first held, 
there will be confusion and duplica- 
tion of effort. However, the Fire 
Chief and his Assistants should soon 
be able to straighten out matters 
and to delegate definite performances 
to each group. The Fire Chief 
should be directly responsible for all 
inspections, both of the plant and 
fire-alarm systems. 

Fire extinguishers should be kept 
fully charged, and all fire doors, and 
so on, should be maintained in first- 
class order. The employees in the 
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structed as to their actions in case 
of a fire alarm, and the Captains and 
Lieutenant in charge of the depart- 
ment must see that these rules are 
strictly obeyed. Usually the Cap- 
tain will delegate an individual to 
inspect all washrooms and lavatories 
when an alarm is sounded, in order 
that every employee may be duly 
warned of the danger. 

An example of a suitable fire alarm 
bulletin notice to all employees is 
given in the accompanying box. 
Employees should have occasional 
fire drills also so that they will know 
what to do when the occasion de- 
mands. 


Simple Method of Soldering 
Overhead Work 


CCASIONALLY it is necessary 

to solder overhead :seams and 
do other work of this sort, and un- 
less the mechanic has previously 
learned how, he is likely to find diffi- 
culty in preventing the solder from 
running off the hot copper. The op- 
eration may be performed by taking 
an ordinary soldering copper and 
forging or filing it to the shape 
shown in the accompanying illustra- 
tion; it will be noted that there is a 
slight curvature of the tip between 
a-b and c-d. 

The copper should be filed smooth 
on the curved surface and tinned in 
the usual manner. By touching the 
edge of the hot copper to a piece of 
rubber—an ordinary pencil eraser 
will answer—a narrow ridge of 
rubber may be built up on the edges. 


Soldering copper for use on Over- 
head work. 


By filing a soldering copper as shown, 
and building up a ridge a-b-c-d by 
touching the hot copper to rubber, 
molten solder may be held up against 
an overhead seam or other work to be 
soldered. 
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This ridge border is indicated by the 
neavy line in the illustration. This 
border should be completely carried 
around between points a, b, c and d. 
The molten solder will then be pre- 
vented from running off when the 
copper is lifted overhead and solder- 
ing may be carried out successfully. 

New York, N. Y. R. C. NASON. 
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Dirt Always 
Makes Trouble 


and when it gets inside of 
a transformer case will 
cause overheating 


OT long ago I called on an old 

friend who has long been asso- 
ciated with one of the largest indus- 
trial plants in a well-known southern 
city. He is an old-timer in operating 
and maintaining plant equipment, 
and has acquired a wealth of prac- 
tical information for which I have a 
wholesome respect. While sitting in 
the shade of a bank of high-line 
transformers, we threshed out some 
of the problems that every operating 
man has to solve. 

“Long ago,” he said, “I came to the 
conclusion that most of the trouble 
we operating men have, we bring on 
ourselves. For one thing, we abuse 
equipment and neglect it. Further- 
more, probably every piece of equip- 
ment gives us plenty of warning 
signs that trouble is brewing, but we 
are sometimes too careless to notice 
these signs. 

“I have been guilty more than once 
of doing these very things. The last 
time it happened was in connection 
with these transformers. A trans- 
former does its work without making 
much noise or fuss, even when it is 
neglected. Nevertheless, it requires 
a certain amount of attention and 
when it does not receive this atten- 
tion, it shows certain symptoms that 
every operating man should be famil- 
iar with. One of these signs is 
overheating at less than full load. 

“For nearly a year the tempera- 
ture on these transformers had been 
gradually increasing and we could 
find no evidence of increasing load. 
Finally the temperature reached 85 
deg. C. at only 80 per cent load, 
which is the maximum permissible 
top oil temperature for self-cooled, 
oil-insulated transformers. We de- 
cided to take one of the transformers 
apart, clean it, and see if we could 
find anything wrong. These trans- 
formers are rated at 600 kva. apiece, 
and step our power down from 13,200 
volts to 440 volts; so you can see that 
we had a real job on our hands. 

“First, the oil was drained off 
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and then the cover removed from the 
case and the coils and core taken out 
by means of a chain fall. The coils 
were found to be in the condition 
shown in the top picture. One glance 
was enough to tell us that this ac- 
cumulation of dirt and sludge was 
causing our trouble. 

“We scraped off as much of the 
dirt as we could, filtered the oil and 
then forced clean oil under pressure 
through the parts of the transformer 
that could not be reached with a 
brush or scraper. When we were 
through cleaning the transformer, I 
took the picture shown in the bottom 
illustration. 

“Just as we expected, the operat- 
ing temperature was found to be only 
45 deg. C, with an 80 per cent load. 
This was nearly normal. As soon as 
possible we cleaned the other trans- 
formers in the same way, and have 
had no more trouble with them. 

“Cleaning transformers in this 
manner is not a regular procedure, 
and you may tell the other readers 
of INDUSTRIAL ENGINEER that if 
their transformers show a tendency 
to overheat while underloaded, it is 
a pretty sure sign that they need to 
be thoroughly cleaned out.“ 
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As my old friend says, abuse, 
neglect, and failure to recognize or 
properly diagnose the signs that 
equipment in distress always gives 
out, account for most of the troubles 
that operators have to contend with. 
When you find a plant in which 
breakdowns of equipment are seldom 
heard of (and there are many such 
plants) you may be pretty sure that 
watching that equipment is a skilled 
operator whose eye and ear and hand 
are trained to detect the faintest 
sign of trouble. 

Sometimes those early signs of 
trouble are hard to detect and may 
be still harder to interpret. Prob- 
ably many of you have had some in- 
teresting experiences along this line. 
If so, send me the details and we will 
start what the doctors call a clinic 
and discuss some of those cases. 


Go CAC 
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G. A. VAN BRUNT, Managing Editor 


The Genius of Charles A. Coffin Will Live 
Long in the Electrical Industry 


HEN Charles A. Coffin, founder of the General 

Electric Company and long its president, passed 
away a few days ago, the electrical industry lost one of 
its most forceful and talented leaders. 

Mr. Coffin was not an inventor, but he was a human 
dynamo in the business and financial sides of electrical 
development. He invented methods of business for an 
industry that was in its beginnings when he came into 
it. And in this process he displayed a depth of origi- 
nality and imagination that is usually attributed to ar- 
tists, inventors, and great engineers. He was a master 
of finance and succeeded well in undertakings in which 
most other men would probably have failed. He used 
the same methods, exercised the same imagination, the 
same inventive power and the same rare vision in the 
field of finance that Edison has shown in the field of 
applied science and engineering. 

Mr. Coffin was a master organizer. His great work 
was, of course, the building up, from many component 
parts, of a far-flung electrical organization in which he 
was the guiding spirit as well as its chief inspiration. It 
was his attractive personality and proven capacity as a 
great leader in the industry that brought about, in 1892, 
the formation of the General Electric Company by the 
consolidation of the Thomson-Houston Company with the 
Edison General Electric Company. By this amalgama- 
tion of interests, the difficulties of a complicated patent 
situation were largely reduced, which ultimately gave to 
the electrical industry for the first time stability and 
the opportunity for development on sound lines. 

Mr. Coffin has left the stamp of his genius on the 
electrical industry. His death brings to an end a career 
of achievements of which any man might well be proud. 
His services to science, progress, and industrial effi- 
ciency will be remembered as long as the industry which 
he helped to create survives. 


Without Records of Past Performance It Is 
Impossible to Measure Progress 


ROM his first experience in industrial plants, every 
operating man is continually impressed with the 
necessity of securing uninterrupted operation. Prac- 
tically his entire time is directed toward the preven- 
tion of something which might cause a breakdown, or 
in getting the equipment back into service afterward. 
Comparatively few such men, however, know how well 
they are progressing toward the achievement of their 
aim—continuous operation—because they keep no 
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usable records of what they are doing. Keeping a num- 
ber of cumulative records takes time and many operat- 
ing executives do not have much office assistance. 

There are two records, however, which any man who 
desires to show regular improvement in his results 
should keep. These are cumulative and periodic records 
of man-hours in his department and also the hours-out- 
of-service of the machines for which he is responsible. 
The first of these, should, of course, take into account 
extensive new construction and variations in production 
in order to make the tabulations comparable. Such 
records, if kept up regularly, will not require much 
time to maintain, and the few minutes spent in study- 
ing them as the notations are entered will be well 
invested. 

It is advisable to have such records plotted in the 
form of curves for ready reference and for ease in com- 
paring data taken at different times. Use of such 
charts will be a big help in showing a plant man how 
well he is doing his job and the progress he is making. 


Money Kept in the Bank Will Not Cut 
Production Costs in the Plant 


AVING to report that a $50,000 installation of new 

equipment which you recommended is not produc- 
ing the expected results, is a job that the most stout- 
hearted might well dislike. When the Plant Engineer 
of a well-known industrial organization was forced to 
make such a report some time ago, his superior merely 
said, Ves, I know you are sorry, and you need not take 
the time to explain just why it doesn’t work properly. 
Go ahead and do whatever is necessary to make it 
right.” 

It turned out that a slight rearrangement of the 
equipment, with the expenditure of a comparatively 
small sum for additional devices, was all that was 
needed to make the installation perform even better 
than had been expected. 

The attitude that was shown in this present instance 
is typical of this organization. The management has 
always not only placed complete confidence in the engi- 
neering and operating executives, until conclusive evi- 
dence has been given that this confidence was not 
merited, but it has likewise been willing to make any 
expenditures that could reasonably be expected to re- 
duce operating and production costs. If it can be shown 
that an investment will produce a 4 per cent return, 
the expenditure is approved without argument. The 
executive who has proposed the change is then given 
every chance to make his project a success. Even in the 
face of apparent failure, his efforts are viewed with a 
sympathetic understanding that cannot help bringing 
out the best that is in him and, in the long run, seldom 
fails to produce the desired results. 

In consequence of this far-sighted attitude, the men 
are encouraged to submit their ideas for consideration, 
with the result that many good plans are put into opera- 
tion every year. The combined effect of all of these 
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betterments has been to place this company in such a 
dominant position that the management does not have 
to worry about rising labor costs or price competition. 

A penny-pinching attitude toward expenditures for 
needed equipment, or anything else that will improve 
operating conditions, may serve to keep down the capital 
invested, but it will never help any plant to make a 
reputation for efficiency of operation. 


Do You Welcome the Exchange of 
Operating Experiences? 
CONTRIBUTOR to INDUSTRIAL ENGINEER, in some 
correspondence regarding an article in which he 
discussed the solution of a difficult operating problem, 
recently made the following interesting statement: 


It has been my experience that the average operating in- 
dustrial engineer is altogether too reticent concerning 
problems which he encounters in his work, and in his solu- 
tion of them. Much must be done by these men toward 
improving operating conditions and reducing production 
costs. The dissemination of the solution of more of the 
problems met in the everyday activities of industrial engi- 
neers will tend to aid other men with similar responsibili- 
ties in obtaining a broader viewpoint and the equivalent 
of a practical experience in such problems without many 
of the disheartening features connected with the school of 
hard knocks. 

This man not only visits other industrial plants to 
pick up new ideas, but welcomes other men to his plant, 
as he knows that they have had experiences which may 
be new to him. His ability to build up his own expe- 
rience by seeking additional information from others is, 
no doubt, responsible for a good deal of his success in 
fitting himself for the promotions he has had. 

The pages of INDUSTRIAL ENGINEER are open for the 
discussion of operating problems and ways of solving 
them. The arrangement of the editorial pages into ar- 
ticles and departments makes it possible to discuss sim- 
ple as well as more complicated problems and other 
topics that are of interest to the operating executive in 
industrial plants. Now is a good time for those who 
have been receiving the benefit of the experiences of 
others through these pages to contribute some of their 


own experiences. 


Unsafe Protecting Devices Are Often 
Worse Than None at All 


ANY times auxiliary equipment, which is not a 

part of the operating mechanism and so is not 
absolutely essential to its continued use, is neglected 
because of the feeling that “it does not have to be fixed 
right away.” Safeguards of all kinds, and fire-fighting 
equipment, in particular, are often neglected for this 
reason. 

A safeguard is put on a machine for the purpose of 
protecting from injury the operator or anyone who 
comes too close to the working parts. A guard which 
does not function is of no more value than no guard at 
all. In many instances, such a guard is an extra hazard 
in that, due to its presence, the operator may rely upon 
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it and at the critical moment find it ineffective and so 
suffer injury. 

Fire-fighting apparatus is another type of equipment, 
the presence of which implies its availability for instant 
service. Altogether too often, the empty extinguishers 
or the battered thread on the hose couplings are not 
discovered until an emergency arises, when their worth- 
lessness may be responsible for a serious loss. 

Much of the responsibility for seeing that safeguards 
and fire-fighting equipment is always in operating con- 
dition rests on the men in the maintenance and operat- 
ing departments. They should realize that they are not 
through with repairing a machine until the safeguards 
are replaced and adjusted. Also, that their duty has not 
been discharged until every fire extinguisher has been 
refilled and replaced, after use. 

No guard to life nor property is of any value unless 
it is capable of rendering 100 per cent service. 


Are You Getting All You Should From 
Your Arc Welding Equipment? 
RC WELDING has been with us for a number of 
years and has received recognition in many indus- 
trial plants as a means of repairing broken parts. How- 
ever, one may well wonder if it is getting the recogni- 
tion that it deserves. Are you getting all that you 
should from your arc welding equipment? 

Arc welding equipment is an Aladdin-like glue pot, 
so to speak, which furnishes us with a means of stick- 
ing pieces of metal together much as though they were 
paper. This means that not only can broken parts be 
stuck together, but new parts can be manufactured. 
In most cases these new parts will be made from steel 
instead of cast iron. The result is that standard steel 
shapes obtainable in any steel warehouse can be cut 
and welded together to fabricate much of the shop 
equipment, such as benches, put up small buildings, 
repair old machine parts, or make new ones, and so on. 

A rough pencil sketch of what is desired is all the 
instruction that an experienced welder needs to have 
in order to make a very serviceable and rugged job 
from welded steel members. This eliminates the drafts- 
man, the pattern maker and the foundry; it cuts down 
the storage of patterns and the inventory of cast-iron 
parts. A job that would ordinarily take days now be- 
comes a matter of minutes. The resultant saving in 
time, money and reduced delay to production is worth 
much consideration. 

Arc welding is long past the experimental stage; it 
has reached the point where progressive plant execu- 
tives are not only using it as a means of making large 
reductions in repair and maintenance costs, but also 
in cutting costs of installation and erection. Many 
plants are using it in regular production with large 
savings in time and money. 

If you have not already done so, it will pay you to 
investigate thoroughly the savings in time, material and 
money that are possible by the use of arc welding. 
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Questions Asked ~- 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


question that you can j G 


answer from your ex- 
perience. 


Who Can Answer 
These? 


Bearings in Wet Lecatione—It is neces- 
sary to operate one of the bearings of a 
washing device under water. We have 
not been able to lubricate this bearing 
and have had considerable trouble due to 
extensive wear from lack of lubrication 
and. dirt in the water. Babbitted bear- 
ings have always been used but I should 
like to learn the experience of readers 
with other types of bearings operating 
under conditions somewhat similar to 
this. Perhaps someone can suggest a 
lubricant or method of application which 
will work. I shall greatly appreciate any 
information that readers may give. 

Des Moines, Iowa. : L. 


Operation of Electric Refrigerator — Would 
there be any objection to using brass 
valves, pipes and fittings, instead of cop- 
per, between the compressor and cooling 
coils of a small electric refrigerator, simi- 
lar to a household unit, that uses sul- 
puur dioxide as the refrigerating medium? 

hat material is best suited for use as 
acking and gaskets? What kind of 
ubricating oil is best adapted for the 
compressor? What pressures should be 
carried on the intake and on the dis- 
charge when the compressor is running, 
and when it is not running? What is 
the best method of charging a unit of this 
size? I shall be very grateful for any 
information that readers can give me on 
these questions. 
Oak, Neb. H. L. M. 
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Changing Speed of Induction Motor—I have 
a 10-hp., 1,200-r.p.m., 220-volt, three- 
Phase, 60-cycle, V estinghouse squirrel- 
cage induction motor that has 54 slots 
and 54 coils having a span of l-and-8s. 
Each coil is composed of 15 turns of two 
No. 16 d.c.c. wires in parallel. The wind- 
ing is six-pole and is connected two- 
circuit star. I wish to reconnect this 
winding so as to have the motor develop 
10 hp. at 1,800 r.p.m., when used on the 
same supply as before. Can some of the 
readers tell me how to reconnect the 
motor to obtain this result? 

Chicago, III. C. R. 
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Trouble with Storage Battery Charging 
Generator—We are having considerable 
trouble due to the reversal of polarity on 
a 50-kw., 120-volt, interpole generator 
which is used to charge storage batteries 
on vehicles. The machines were tested 
for grounds by means of a Megger and 
a heavy leakage to ground through the 
acid-soaked benches in the battery 
charging department was discovered. 
Having remedied this, the generator was 
started and immediately the voltmeter 
read backwards with no load on the ma- 
chine. We checked the leads from the 
machine, but they were of such size and 
80 taped together that it would be 
impossible to reverse them by mistake. 
We tried to re-excite the field, but could 
not; so the leads were reconnected so 
as to reverse them at the generator and 
not disturb anything at the switchboard. 
The generator worked satisfactorily for 
about three days, when the polarity again 
reversed itself. We reversed the genera- 


osition and 
een operat- 
do not know what 

of polarity and 


tor leads to their original 
since then the machine has 
ing satisfactorily. I 
caused this reversal 


should like to have readers give me 
their suggestions. 
Sacramento, Calif. J. T. 


e e $ $ 


Chord Factor—I 
any informa- 


Method of Determinin 
shall appreciate receivin 


tion from readers concerning satisfactory 
methods of findin 
the following winding. 
4-hp., 


the chord factor for 
The winding is 


on the stator of a 110-volt, 60- 


eww oo 


$ 2 39> ‘Empty slots used 
M x 22 by arte winging 


cycle, single-phase induction motor. The 
stator has 36 slots and four poles and is 
arranged with a starting winding. The 
main winging is connected as a whole 
coil, concentric, as is shown in the accom- 
panying diagram, which shows two pole 
groups. 

Milwaukee, Wis. J. M. 
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Grouping of Wires in Conduit for Two- 
Phase System—lI have installed some 3- 
in. conduit runs, to be used for two- 
phase power supply circuits. These con- 
duit runs are about 25 ft. long. In them 
I wish to place 500,000-circ. mil. cables 
and since it is possible to get only three 
cables of such size in a 3-in. conduit, it 
will be necessary to group the cables in 
two conduits. Will it be satisfactory to 
Place the two A-phase cables in one 
conduit and the two B-phase cables in 
the other? In a three-phase system, this 
should not be done; hence, I am doubtful 
about doing it with two-phase cables. 
Would it be preferable to place one A- 
phase cable and one B-phase cable in 
each conduit? If so, which of the two 
B-phase cables should be placed in one 
conduit with the first A-phase cable? 
1 give me some information on these 

nts. 
St. Lambert, Quebec, Can. J. M. 
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Will This Generator Operate Satisfactorily 
at Increased Speed?—-We have a Westing- 
house, Type C, 50-hp., alternating-cur- 
rent motor having a full-load speed of 
850 r.p.m., which we plan to use in driv- 
ing a General Electric direct- current 
55-hp. 725-r.p.m. 110-volt generator. We 
would like to couple these two units 
directly together instead of making a 
belt-driven unit. This would necessitate 
running the 725-r.p.m. generator at a 
speed of 850 r.p.m., or an increase of 17 
per cent in speed. I should like to learn 
from readers whether or not this genera- 
tor will operate satisfactorily at this 
speed, and also whether the increased 
voltage delivered by the generator can be 
reduced in any way so as to obtain the 
original voltage generated at 725 r.p.m. 
Hartford, Conn. H. V. D. 


Answers Received 


To Questions Asked 


Method of Checking Bearing Alignment. 
—I should like to know how to check 
the alignment of bearings on machines 
having three or more bearings sup- 
port ing the same shaft, or where two 
shafts are coupled together by means of 
rigid couplings. An example of this is a 
three-bearing, motor-generator set or a 
large, heavy-duty motor or pump having 
a pedestal bearing in addition to two 
regular bearings. I shall appreciate any 
suggestions that readers can give me for 
doing this work. 

Chicago, III. F. B. 


The problem of F. B. in the align- 
ment of relatively short shafts is con- 
siderably different from the alignment 
of long coupled shafts, such as line- 
shafts. Usually, the parts of such ma- 
chines as F. B. has in mind which are 
available for lining up are very short, 
and often the shafts are completely 
hidden beneath couplings. 

In the case of a motor- generator set, 
about the only place to do the aligning 
is on the couplings. If these cannot be 
removed except at great expense, the 
tests must be made on the peripheries 
and between their opposing faces. Such 
tests presuppose that the faces and 
rims of the couplings are true with 
the axes of their respective shafts; if 
they are not, they must be turned or 
ground true before the tests are of any 
value. Couplings may have been ma- 
chined concentric with their bores but 
the commercial allowance on bores and 
on shaft sizes may be such that the 
insertion of the driving key will pull 
them considerably off-center by the 
time a check is made at the outer sur- 
face. 

Alignment of shafts can be checked 
on flange couplings that are true and of 
the same diameter by the use of a steel 
rule and paper feeler or thickness gage. 
It is first necessary, however, to re- 
move the bolts which fasten the flanges 
together. The rule is placed succes- 
sively at the top and bottom and at 
the two sides of the couplings. While 
resting the edge of the rule on one-half 
of the coupling, a paper feeler is used 
between the far edge of the rule and 
the other half of the coupling. If the 
paper is tight at all four points it is 
safe to assume that the shafts are in 
line, after having made a check test 
by turning the machines over one-half 
revolution. A further check is made 
by applying the feeler between the flat 
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faces of the couplings at the same four 
points. 

With flexible couplings, the space be- 
tween the two halves may be more than 
the range of the common mechanic’s 
thickness gage and it must be supple- 
mented by a block that nearly fills the 
space, or such a block may be filed to 


an approximate fit and used with a 


piece of paper as a feeler. 

Such a test as described does not 
level up the machines and this point 
must be taken up separately. When a 
set is factory-built and the two units 
are mounted on a common base, the 
latter can be leveled up and there is 
every assurance that the machine is 
practically level. On small machines of 
this type, it is sometimes possible to 
drop a line from the outer shaft ends 
to the base and to do the same thing 
on the stub shafts in the center, just 
back of the couplings, and then to com- 
pare these with a line scribed on the 
base (or a straight-edge) which is used 
as a datum line. 


Couplings are seldom perfectly true 


and of the same diameter. In that case 
a simple tool for lining may be con- 
structed, as shown in illustration A, 
by attaching two pieces of flat iron to 
a piece of cold-drawn steel and putting 
a short pin in the outer end. A similar 
tool may be machined out of a solid 
block of steel, iron, or brass. The rea- 
son for making the tool of this general 
shape is to form a V-block which will 
keep itself parallel to the axis when 
placed on a shaft-or other round part. 
The difficulty of doing this with a piece 
having a single bearing line, such as a 
rule, is the chief objection to the first 
test, as described above. With the con- 
cave or V-block, this difficulty is over- 
come. The method of using this block 
is shown at B. Such a tool is cheap to 
make and very useful on jobs of this 
kind; it is equally useful on couplings 
and shafts and it can be made in any 
length suitable for the work in a par- 
ticular plant. 

All machines should be leveled up. 
When a set is mounted on a common 
base, or bedplate, there is always a 
chance to do the leveling on a planed 
upper surface of this. Otherwise, one 
has to clear the shaft of couplings or 
pulleys and level up by it. It is some- 
times possible to provide a foundation 
sufficiently level so that other checking 
is not necessary. When a truly level 
plane has been established in one of 
the ways named, the only deviation 
from this will come from wear in the 
bearings. 

On motor-generator sets where the 
shaft length is above the average, the 
foregoing check at the couplings does 
not line up the machines closely enough. 
It is obviously poor practice to line up 
a 10-ft. shaft on the periphery of a 
coupling whose radius is only 7 or 8 in. 

Illustration C shows a more accurate 
method of lining from a coupling. The 
device used consists of two pieces of 
light steel angles which have one leg 
of each bent at right angles to form a 
foot which is attached to the rim of 
the coupling by two screws. These 
angles can be any length that will 
swing without touching the floor or 
bedplate; long angles will permit mak- 
ing a more accurate check because it 
is further from the center. Angles are 
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This simple gage, A, is used with 
a feeler as at B for checking align- 
ment of short shafts at the rim of 
couplings. 


light, stiff, and cheap; an hour’s work 
will put these in place and the accuracy 
of alignment which may be obtained 
makes them worth more than this 
slight effort. Also, the angle irons may 
be kept and used on other couplings 
and also for periodic checking of the 
alignment. 

If the angles are made the same 
length, the ends should be squared off 
so that the test with a steel rule can 
be made at four points of revolution 
approximately 90 deg. apart. If one 
angle is made longer than the other, 
or the two flanges are not of the same 
diameter, scriber marks can be made on 
the longer one and the machines will 
have to be shifted until these marks 
made at opposite points finally coincide. 
The other check to be made with these 
angles is by use of a feeler between 
them. This test should also be made 
every 90 deg. These same tests may 
be applied to solid flange couplings, al- 
though it would be necessary to loosen 
or remove the bolts which hold them to- 
gether. | 

It might seem that undue emphasis 
has been placed upon the apparently 
simple test of checking up at the four 
90-deg. points, as indicated in the above 
paragraphs. However, with electrical 
machinery, all that there is to work 
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Feeler test 


Where the shafts are over 10 ft. 
long this type of gage is used at 
the couplings to check alignment. 
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with in most cases is the coupling and 
it is an impossibility for two shafts to 
have these several checks come out 
right unless the shafts are in line. 
Hence the method forms a check espe- 
cially adaptable to such jobs. 

For machines having an outboard 
bearing, it is essential that the shaft 
be true and its truth known for a cer- 
tainty. If there is a worn spot inside 
a bearing or a bend in the shaft, how- 
ever, all the painstaking labor of lining 
up will be in vain. 

Where it is known that the shafts 
are perfectly straight and have no worn 
spots inside the bearings, one of the 
easiest ways to check alignment of the 
bearings is to secure a length of shaft- 
ing of the same diameter and try this 
in the three bearings, which presumably 
are of the split type, divided hori- 
zontally. With the caps off, a level 
(having a grooved base) is used at sev- 
eral points to determine the straight- 
ness of the shaft as it lies in the cradles 
formed by the three half-boxes. 

The following method of checking 
against bent shafts assumes that some 
of the previously mentioned tests for 
alignment of bearings have been made. 
Bent shafts are difficult to detect on 
motor-generator sets and other types 
of machines with three bearings because 
of the armatures, rotors, or other parts 
which are mounted on the shaft. One 
of the easiest ways to check up a bent 
shaft in such cases is to secure a length 
of straight shafting of the same diam- 
eter and try this in the three bearings 
as described above. 

The foregoing is one of the easiest 
ways to check up a bent shaft, either 
the machine shaft or the length of 
shafting used for trial purposes. A 
bend in the piece of shafting will be 
plainly visible and readily caught if 
the level be tried on it at one or more 
points, trying it first “as is” and then 
trying it as turned over 180 deg. As- 
suming that it has been found to be 
straight by this test and the bearings 
have been scraped or lined up to it, the 
real machine shaft should lie in the 
half bearings in the same way and a 
check with slips of paper or the use of 
a little spotting material rubbed on 
the journals would quickly show if 
there were any bend in this piece. 

This special piece of shafting can 
also be used to spot up the bearings, in 
the same manner as when bearings are 
being scraped in. The outboard bear- 
ing is shifted, however, instead of be- 
ing scraped in. If it is possible to turn 
the machine over (rotate the shaft), its 
own shaft may be used in much the 
same way for spotting as a means of 
determining alignment; where the jour- 
nals are of two or more diameters, this 
will have to be done. 

Strips of paper laid under the shaft, 
when it is raised, will also show a high 
or low bearing. A strip of paper at each 
side of the shaft at each bearing will 
show lack of alignment sideways. 
These strips should extend in an inch or 
two between the shaft and its bearing 
and be pulled after the shaft is lowered 
again. The necessary adjustments may 
then be made and these tests repeated 
until the alignment is perfect. 

DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


376 


Armature Bande Overheat. — Five bands 
are used on a 220-volt, d. c. armature 
with which we are having trouble. 
The armature coils slope very sharply 
and to prevent the outside bands from 
slipping off the ends of the armature, 
the winder soldered copper strips across 
the bands so as to tie them together. 
Six -in. strips were placed parallel to 
the coils and spaced at equal distances 
around the armature. The bands as well 
as the copper strips are well insulated 
from the armature winding, but the bands 
and particularly the copper strips become 
very hot, presumably from some induced 
current. I would like to know what 
causes this heating and how it may be 
prevented. If it is induced current that 
causes the heating please explain what 
causes this current. Is there any way 
in which I can tie these bands together 
that will not cause the heating re- 
ferred to? 
Oelwein, Ia. L. T. M. 


Answering L. T. M.’s question, the 
copper strips parallel with the slots 
are conductors moving in live fields, so 
that when they are shorted by the 
armature bands, they act just like the 
main conductors in the armature, and 
have current generated in them. This 
often happens when wide bands are 
soldered into one sheet band. If L. T. M. 
will replace these copper strips with 
steel strips, which have eight times as 
much resistance, he can likely cut 
down the current flow enough to pre- 


vent heating. W. MONTELIUS PRICE. 
Seattle, Wash. 
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If L. T. M. had stated the size of the 
armature with which he is experienc- 
ing trouble from hot armature bands, 
and had also given the width of the 
individual bands, it would be possible 
to give him more definite information. 

The heating of the bands, however, is 
caused by eddy currents generated in 
them by the constantly changing mag- 
netic flux through the armature con- 
ductors. This flux cuts through the 
bands and is constantly changing from 
zero to maximum in one direction, back 
to zero, and up to maximum in the op- 
posite direction as the armature rotates. 

L. T. M. states that all five bands on 
this armature have been electrically as 
well as mechanically tied together. 
This, no doubt, is the cause of the ex- 
cessive heating of which he complains. 
These bands are probably each narrow 
enough so that if they were not con- 
nected together, they would not over- 
heat any more than is common with 
this portion of an armature. It seems 
to be necessary to tie these bands to- 
gether to prevent the outer ones from 
slipping off the armature. 

I would advise L. T. M. to insulate 
the tie strips connecting the bands to- 
gether by means of flexible micanite as 
shown in the accompanying illustration. 
He should first put down his tie strips 
around the armature, being careful 
that insulation is placed beneath each 
tie strip to prevent it from touching 
the core. Over these tie strips is 
placed the insulation that goes under- 
neath the bands. The outer bands, A 
and C in the accompanying illustration, 
are then wound on. Insulation should 
now be placed over the top of the bands 
A and C and the tie strip can be bent 
over this insulation and carried over 
to the center of the armature where 
the two ends of the strip may be 
soldered together, as is shown. Insula- 
tion may now be placed over the double 
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thickness of the tie strip for the center 
band B, which may then be insulated 
and wound on. From the illustration 
it can be seen that the bands A and C 
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Method of anchoring armature 
bands over coils that slope toward 
the armature shaft. 


are both insulated from the tie strip, 
and the tie strip holds these two bands 
from slipping off the ends of the arma- 
ture by reason of being anchored by 


the band B. J. M. WALSH. 
Assistant Chlef Engineer, 

Gurney Elevator Co., 

New York, N. T. 
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I was very much interested in the 
question asked by L. T. M., as I have 
had several experiences along the same 
lines that he has encountered. Al- 
though it is good practice to band the 
head of the armature, using clips 
spaced at short distances around the 
periphery, trouble may sometimes be 
caused if the same method is used for 
banding the core. This is especially 
true if the magnetic field of the ma- 
chine is very strong because the trouble 
will be exaggerated owing to the eddy 
current generated in the band. I re- 
call very distinctly one instance in 
which the heat generated by the. eddy 
current was so great that after the 
armature had been repaired and re- 
banded, the solder holding the banding 
wire was melted. The generator was 
rated at 500 kw., 250 volts, 500 r.p.m., 
and had 25 banding clips spaced at 
intervals of 10 in. around the periphery 
of the core. 

To overcome this trouble, new bands 
were wound around the core, but this 
time the clips were spaced the same 
distance apart as the poles of the ma- 
chine. As this was an eight-pole 
machine, four clips were used on each 
band and they were spaced 90 deg. 
apart. By thia arrangement the clips 
on each band are at any instant under 
poles of like polarity, and the tendency 
to induce currents in the band is re- 
duced to a minimum. It is also advis- 
able to have the bands as narrow as 
possible, using more bands in order to 
obtain mechanical strength. In the 
case mentioned above, after the new 
bands had been applied and clips at- 
tached to the core bands, the machine 
operated without any trouble whatso- 
ever. 

In the case of direct-current railway 
motors, it is almost universal practice; 
in this country at least, to hold the 
rotor windings in the slots by means of 
wire bands. The assumption often 
made that the losses due to these bands 
are negligible is not necessarily true. 
They are often of appreciable magni- 
tude, sometimes sufficiently large to be 
detrimental to the cooling of the ma- 
chine. By tests it has been found that 
the band losses vary according to the 
1.7 power of the frequency and from 
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the 1.35 to 1.8 power of the induction, 
depending upon the width and type of 
band. These losses were found to be 
chiefly due to the change in the radial 
component of the flux as the band 
passes by the pole tip. For the aver- 
age band, about 15 per cent of the 
losses (hysteresis and eddy current) 
are due to the tangential flux in the 
band. In large railway motors, losses 
may under certain conditions amount 


to 2 or 3 kw. HARRY J. ACHEE. 
Chief Electrician, 

City of Woodward, 

Woodward, Okla. 
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In reply to the question by L. T. M. 
regarding the tying of armature bands 
with copper strips, I would say that 
this is always unsuccessful due to the 
cutting of magnetic lines of force by 
the strips from one band to another 
and consequent building up of current 
in the bands and the connecting strips. 

The best way to place these bands is 
to use increased tension when putting 
on the band wire. Then it will be un- 
necessary to link the bands together. 
Some winders place too much insula- 
tion under the bands and when the 
armature heats up this insulation 
shrinks and the band becomes loose. 
Use as little insulation as possible and 
pull the band wire as tightly as pos- 
sible. L. T. M. might try linking the 
bands with strips of bright tin which 
can be easily soldered and are known 
to give better results than copper 


strips. LEE F. DANN. 
Chief Electrician, 

Donnacona Paper Co., DU; 

Donnacona, Que., an 
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Method of Marking Rubber Gloves. — I 
would appreciate receiving any informa- 
tion concerning satisfactory methods of 
marking linemen’s rubber gloves which 
are periodically subjected to electrical 
tests, as I wish to mark on the gloves 
the date of the last test. These gloves 
are used constantly for both inside and 
outside construction work. Any help that 
readers can give me will be greatly ap- 

reciated. 
owell, Mass. J. H. J. 


In reply to the question by J. H. J., 
our system of glove testing for a public 
utility company is to have the gloves 
tagged with a man's name and con- 
sider the gloves as belonging to John 
Smith.” The record is kept accordingly 
and John Smith is held responsible for 
his own gloves. 

Each man has two pairs of gloves 
which are tested at regular intervals for 
each district. The only requirement 
necessary in using this method is that 
the tester should be careful to prevent 
the tags from being mixed. 

Chief Electrician, E. J. MORRISSEY. 


Western United Gas & Electric Co. 
Aurora, III. 
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Answering J. H. J., I would say that 
in marking rubber gloves that are sub- 
jected to periodic tests, one is con- 
fronted with more or less of a problem. 
About the easiest way to mark each 
glove is to turn back the cuff and enter 
the date of test on the inside of the 
glove in ink, but this record is likely 
to be destroyed if the gloves are in 
constant use. A better method is to 
assign each man a pair of gloves, to be 
kept in a light-weight canvas bag. This 
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bag can be numbered by painting the 
desired numeral on it. A record is then 
made of the bag numbers and at stated 
intervals the gloves are all tested, and 
the condition of gloves, bag, and leather 
protectors for the gloves entered on a 
chart for that purpose, and filed for 
permanent record. PHIL D. COMER. 
San Bernardino, Cal. 
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How Much Ineulation Should be Put on 
Cable Splices?—Can some reader tell me 
how many layers of varnished cambric 
tape should be used for insulating the 
splices of lead-sheath power cables of 
the following voltages: 110, 220, 440, 
550, 4,000 and 20,000 volts. Do you think 
some other kind of tape preferable for 
this work? I shall be grateful for any 
information that readers can give me re- 
garding the amount of insulation that 
should be used when splicing cables of 
the above voltages, and also for any other 
information or suggestions as to the 
best method of handling it. 

Toledo, Ohio. S. J. M. 


In reply to S. J. M. 's question regard- 
ing insulation for power cables, I would 
suggest using one layer of splicing 
compound (unvulcanized rubber tape) 
covered with half-lapped friction tape. 
The rubber tape should be pulled on 
tightly enough to stretch it to about 
half its regular width. This insula- 
tion is for use on 110-volt cables. One 
layer of varnished cambric can be sub- 
stituted for the rubber, if desired. The 
rubber will stand about 300 volts per 
mil of thickness. The varnished cam- 
bric tape will stand about 1,000 volts 
per mil of thickness. The tensile 
strength of either of these tapes is not 
great and both should be protected by 
friction tape or some other protective 
tape. The average roll of varnished 
cambric tape is from 0.010 in. to 0.015 
in. thick by 3 in. wide. Other widths 
and thicknesses can be obtained. 

All cables below 600 volts are insu- 
lated practically alike, using two or 
three layers of varnished cambric tape 
half-lapped and covered with cotton or 
friction tape. The cotton should be 
painted or have hot paraffine poured 
over it because this tape when untreated 
has a dielectric strength of only 250 
volts per mil, but when treated the 
breakdown voltage is 1,000 volts per 
mil. On 4,000-volt cables use from 
three to five layers of half-lapped var- 
nished cambric tape, covered with one 
layer of treated cotton tape. 

The 20,000-volt cable is in the extra- 
high potential class and should have 
about six or eight layers of varnished 
cambric tape and one or two layers of 
treated cotton tape. Over all conduc- 
tors one or two layers should be 
wrapped before the lead sleeve is 
slipped in place. If the joints are not 
wiped, several layers of P. & B. tape 
should be applied over the whole and 
each layer heated with a torch before 
another is applied. This class of joint 
should be painted with P. & B. water- 
proof paint also. This makes a water- 
tight joint and will remain so if painted 
at intervals. GRADY H. EMERSON. 
Birmingham, Ala. 


R + g g 


General Electric Bulletin No. 87000E 
recommends for voltages not exceeding 
25,000 volts, the use of General Elec- 
tric splicing rubber to a diameter equal 
to that over the insulation on each 
conductor. This is then followed by 
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tape to give a total thickness equal 
to 13 times the thickness of insulation 
on a single conductor. The length of 
the taping should be 25 times the thick- 
ness of the insulation measured from 
the center of the splice outward or a 
total of 50 times the thickness for the 


entire length of splice, tapering the 


thickness in proportion to the distance 
from the center. This is followed by 
taping the individual conductors with a 
band of varnished cambric in order to 
separate them. The thickness of this 
band should equal the thickness of the 
insulation on the single conductors of 
the cable. The three conductors are 
then taped together with two belts of 
varnished cambric 13 in. wide and 14 
times as thick as the cable belt, follow- 
ing this with linen twine to prevent 
unwrapping. 

In straight runs of cable I have used 
a layer of rubber tape followed by var- 
nished cambric, half lapping each layer 
and painting each layer with a coat of 
air-drying varnish. ‘This makes a very 
stiff joint, but it can be made extra 
tight. The whole secret is in tight tap- 
ing and uniform lap. 
Chief Electrician. E. J. MORRISSEY. 
Western United Gas & Electric Co., 
Aurora, III. 
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Determining Number of Poles in Stator 


by Use of Compnass.—(1) Can some 
reader give me a simple method of 
determining the number of poles in 


two- and three-phase stators when the 
nameplate is missing? That is, can I 
pass direct current from dry cells or 
other source through the winding and 
use a compass to locate the poles? Or 
Will it be necessary to trace out the 


winding? How should I go about trac- 
ing out a winding to find the number of 
Peles? (2) Why does the terminal on 
the positive pole of a storage battery 


corrode, While the negative terminal does 
not? I shall appreciate your help. 
Worcester, Mass. R. S. 


In reply to R. S. T., I would say that 
the best way to test a.c. motors for 
polarity is as follows: 

In a two-phase machine, connect one 
phase to a source of direct current, 
preferably a lamp bank in series with 
a 110-volt, d.c. line, and test with a 
compass for the number of poles. 
Reversal of the compass needle will 
indicate when the compass passes from 
one pole to the next. The number of 
poles in both windings is the same. 
The lamp bank also should not permit 
more than 50 per cent of load current 
to flow through the winding and usually 
a much smaller current is sufficient. 

In a three-phase, _ star-connected 
machine, one of the test leads may be 
connected to any one of the motor 
terminals and the other one should be 
connected to the star point. 

In a delta-connected machine, the 
phases should be separated at one of 
the terminals, and the test leads should 
be connected across any phase. 

One way to determine the number 
of poles without the compass test is to 
count the number of coil groups on the 
stator and divide that number by the 
number of phases. 

The third method is to use the for- 
mula, P = (f X 120) + r. p. m., where P 
= number of poles and f = frequency. 
As an example let us consider a 60- 
cycle machine having a speed of 1,800 
r. p.m. This machine will have (60x 
120) + 1,800 = 4 poles. 

Brooklyn, N. Y. MICHAEL REUTER. 
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In reply to R. S. T.’s question, I 
would say that if the motor is in run- 
ning condition he can find the r. p.m 
with a speedomotor and by the accom- 
panying table he can tell the number of 
poles the motor has. 


Speeds and No. of Poles of 
Induction Motors 


; 60 Cycle 25 Cycle 
No. of Synchronous Synchronous 
Poles R. L. Al. R. P. M. 
2 3,600 1,500 
4 1,890 750 
6 1.200 500 
8 900 375 
10 720 300 
12 600 250 
14 714.2 215 
16 450 166.6 
18 400 187.5 
24 300 125 
36 200 83.3 


A check may be made also with a 
compass. Pass a direct current of ap- 
proximately 5 per cent of the full-load 
current rating through one phase of 
the winding; then slowly move a com- 
pass around the inner periphery of the 
stator. On the stator mark the polari- 
ties as indicated by the compass. The 
number of times the compass reverses 
indicates the number of poles. 


Harry J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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In answer to the question by R. S. T., 
J would advise that a simple and con- 
venient method of determining the num- 
ber of poles in a winding is by the use 
of a compass and battery or other 
source of direct current, taking care to 
limit the current flow safely within the 
carrying capacity of the winding. First, 
remove the rotor, if this has not al- 
ready been done. If the winding is 
three phase and star-connected, connect 
one lead of the d.c. supply to one motor 
lead and the other d.c. lead can be con- 
nected to the star point, which is the 
junction of the phase-winding ends. 

Then by placing the compass inside 
the stator and moving it from a given 
starting point, following around the 
stator closely to the laminations. back 
of the starting point, it will be observed 
that the needle has swung through a 
number of half-turns. Count the num- 
ber of times the needle has reversed its 
position; this number will be the num- 
ber of poles the motor has and will be 
the number which was stamped on the 
motor nameplate. 

If the motor is three phase, delta- 
connected, the procedure will be the 
same as with the star winding except 
that the delta must be opened and the 
d. e. supply connected to only one phase. 
Then use the compass as before. 

For a two-phase, four-wire motor 
connect the d.c. supply to the two motor 
leads of one phase. For a two-phase, 
three-wire motor, connect the d.c. sup- 
ply across the ends of one of the phase 
windings and count the number of poles 
as indicated by the compass. 

Muncie, Ind. GEORGE CROPPER. 
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Replying to R. S. T.’s inquiry, the 
number of poles may be easily found in 
two- or three-phase machines by check- 
ing the speed of the motor and making 
a few simple calculations. If a 60-cycle 
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motor runs 3,600 r.p.m., the winding 
must be two pole; if 1,800 r.p.m. on 60 
cycles, it is four pole; 1,200 r.p.m. for 
six pole; 900 r.p.m., eight pole; 720 
r.p.m. for ten poles, and so on. To 
obtain the number of poles, simply 
divide the number of alternations per 
minute by the r.p.m. The number of 
alternations per min. for 60 cycles 
27,200, for 25 cycles it is 3,000. Then 
for 60 cycles the equation will be (60x 
60 2) Tr. p.m. and for 25 cycles the 
equation will be (25 x 60 x 2) r. p. m. 

In case the motor is burned out and 
the nameplate is missing it will be 
necessary to check the winding. First, 
count the number of slots or coils and 
if the motor is three phase, divide the 
number of coils by three. This gives 
the total number of coils per phase. 
Next count the coils in series per pole- 
phase group and divide this number 
into the number of coils per phase. 
This result is the number of poles. 
The equation is (number of slots or 
coils number of phases) number 
of coils in series per phase group. The 
following is an example of a three- 
phase stator having 96 slots and 96 
coils: 96 — 3 = 32 = number of coils 
per phase. Then, as there are four coils 
in series to form a pole-phase group 
and since 32 + 4 = 8 it follows that 
the stator has eight poles. 

The number of poles can also be 
found by connecting two or three dry 
cells across one phase of the winding 
and checking around the inside of the 
bore of the stator with a compass. 
Each reversal of the needle indicates 
a pole and equal numbers of both north 
and south poles will be found. 

Answering R. S. T.’s second question, 
there are several explanations in re- 
gard to the corrosion of the positive 
terminal of a storage battery. The 
most likely one is the action of elec- 
trolysis. This builds up a greenish- 
looking substance common to all bat- 
teries. The cause is probably the 
action between the terminals as they 
are not absolutely sealed from the air 
and moisture creeps in, causing the 
deposit to form on the terminal. This 
can largely be avoided by a generous 
application of vaseline on the terminal 
before making the connection. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., 
Donnacona, Quebec, Can. 
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The number of poles in a stator can 
be determined by connecting a battery 
to the terminals and using a compass 
to determine the number of poles—as 
a matter of fact, this is a common test 
which is frequently employed. 

If the machine is star-connected, the 
battery is applied to the start and 
finish of a phase, but if it is delta- 
connected the delta is opened and the 
battery connected to the two ends 
opened. A piece of chalk is used to 
mark the compass deflection on the core 
as the compass is moved over each pole. 
The number of times the compass re- 
verses per phase indicates the number 
of poles. 

Another method is to determine the 
number of coils in a group by count- 
ing the series connections. If there 
are no series connections, then there is 
but one coil per group; but if two 
series connections are used, then there 
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are three coils to the group, etc. This 
does not take into consideration odd 
groupings, in which groups may have 
different numbers of coils in them, each 
circuit or the complete circuit being 
evenly balanced by proper distribution 
of coils. 

As an example, let us take a machine 
having 72 slots and, as there are two 
coil sides to a slot it stands to reason 


Method of finding number of poles 
in a stator winding. 
A compass is used to determine the 


polarity of each le-phase group, 
the reversals of the compass indi- 
cating when it passes from one 
group to the next. The number of 
pole-phase groups divided by the 
number of phases equals the num- 
ber of poles. 


that there are 72 coils. We find two 
series connections which make three 
coils per group and since it is a three- 
phase machine then it follows that 
(72 coils 3 coils per group) + 3 
phases = (72 + 8) + 3 = 8, or the 
machine has eight poles. 

In the illustration I have shown a 
three-phase, four-pole stator with two 
coils per pole-phase group or a total 
of 24 coils. The arrow on each pole- 
phase group indicates the polarity as 
obtained by a compass. Note that adja- 
cent arrows oppose each other. The 
number of arrows per phase indicates 
the number of poles. Only the A phase 
is shown; B and C are connected like- 
wise and are single-circuit. If this were 
a two-phase job the arrows would be 
somewhat different in that they would 
be in groups of two. 

The winding illustrated will have one 
series connection and is generally re- 
ferred to as a l-and-4 connection, or a 
top-to-top, referring to the fact that 
the coil side in the top of the slot is 
connected to the coil in the top of the 
slot on the next group. 

I would suggest the R. S. T. get in 
touch with the McGraw-Hill Book Co. 
for books on armature winding. He 
will find it entertaining and of great 
benefit in understanding what is going 
on inside his stators. 

The corrosion referred to in the 
second question is caused by the 
natural sulphation of the positive ter- 
minal, caused by discharging too far 
or allowing the battery to stand for a 
long period without charging; wrong 
specific gravity of electrolyte will also 
tend to cause this corrosion and it can 
be cured by correcting the above and 
by the application of vaseline to pre- 
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vent sulphation. A method of prevent- 
ing this formation is overcharging at 
periodic intervals, but this should be 
done in a careful manner. 

Chief Electrician, E. J. MORRISSEY. 


Western United Gas & Electric Co., 
Aurora, III. 
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In answer to R. S. T.’s query, I 
would say that if a d.c. power supply is 
handy, it is quite an easy matter to 
find out how many poles a stator has, 
by testing with a compass. 

On a star-connected motor, stick a 
scriber, or any other piece of metal 
that has a sharp point, into the star 
connection; tie one line of the d.c. to 
it, and the other end to one line lead. 
Now pass the compass around the sta- 
tor on the inside, and mark the rever- 
sals of the compass N and S or + 
and — on the stator at the point at 
which the reversals take place. 

If you want to check a stator for 
polarity, you will have to repeat this 
operation on the remaining two legs, 
leaving the same d.c. line on the star 
connection until the test is completed. 
Always withdraw the compass from the 
stator before you break the d.c. cir- 
cuit or you may reverse the polarity 
of the needle of the compass and upon 
testing the succeeding phase, mislead- 
ing results will be obtained. When the 
test is completed, the polarity marks 
will alternate. Let us assume that on 
a certain stator we have made a total 


of 18 marks, three + marks and three 


— marks for each of the phases. This 
proves there are 18 pole-phase groups 
in the whole stator. 

As we were testing a three-phase 
stator, we must divide the total num- 
ber of groups by the number of phases 
therein. Therefore, the stator has 
18 ＋ 3 = 6, or six poles. Such a stator 
will have a synchronous speed of 1,200 
r.p.m. on 60-cycle power. 

The formula to figure this out is as 
follows: (120 x 60) + 6 = 1,200 r.p.m. 

If it were a 50-cycle machine it would 
run at (100 x 60) + 6 = 1,000 r.p.m. 

A 25-cycle machine would run, 
(50 x 60) + 6 = 500 r.p.m. 

I believe it is much quicker, however, 
to count the groups, either by the num- 
ber of leads, or the connections coming 
out of the winding. There are two 
leads to a group, one top lead and one 
bottom lead. Count either all tops or 
all- bottoms, but not the two together. 
Divide the number of leads counted by 
8 for a three-phase stator or by 2 for 
a two-phase stator, to obtain the num- 
ber of poles. 

This can be done by just removing 
the end shield on the lead side, while 
with a compass you would have to slip 
out the rotor. Also with a delta con- 
nection, a compass test might be mis- 
leading, unless you open one side of 
the delta.. 

To find whether a stator is star- or 
delta-connected, proceed as follows: 
If the leads that connect the stator 
winding with the line connect to only 
one group, it must be a single-circuit 
star. If a line lead connects with two 
groups, the winding is either a two- 
circuit star or a single-circuit delta. 
If the two groups come out of the same 
phase it must be a two-circuit star. 
To check this, call one group A and 
count A, B, C, A, B, C, and so on, 
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until you get to the other group that 
connects with that line. If this is an 
A group then you know it is a two- 
circuit star winding; otherwise, it must 
be a single-circuit delta winding. 

A delta-connected winding will al- 
ways have twice as many group con- 
nections to the line as it has circuits 5 
that is a two-circuit delta will have 
four group connections to the lines, 
while a two-circuit star has only two 
and so on. NICHOLAS J. WEISS. 
West New York, N. J. 
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Answering the question by R. S. T. 
I would say that this can be done by 
applying direct current to the winding. 
The direct current voltage should be 
sufficient to cause about 30 per cent of 
the full-load current to flow. 

In checking a three-phase, star- 
conneeted winding for the number of 
poles, the test is made as shown in 
Fig. 1. The positive lead of the direct- 
current supply is connected to the A 
lead of the winding and the negative 
to the star connection. The compass 
is now moved slowly around the bore 
of the stator and its deflections noted, 
marking the bore with chalk, using 
arrows to indicate the polarity. After 
completing the test on one phase, the 
positive lead is shifted to the B lead 
and then to the C lead, leaving the 
negative wire always connected to the 
star connection. After checking all 
three phases there should be a circle 
of arrows pointing in alternate direc- 
tions as indicated in the diagram. 

On a delta-connected winding the test 
can be made with one Set-up as shown 
in Fig. 2. Here the delta connection is 
opened at any one of the leads (in Fig. 
2, it is opened at the junction of A and 
B phases) and direct current applied 
so that current flows through all three 
phases in series. If the compass is now 
passed around the bore of the stator it 
will indicate alternate polarities just 
the same as in the test on the star-con- 
nected winding. 

On a two-phase winding, direct cur- 
rent is applied to the ends of each 
phase separately, Fig. 3, as Al and 42 
or BI and B2, in which case the correct 
polarities would be as indicated in the 
diagram; that is, the pole groups alter- 
nate in pairs. Figs. 1 and 2 are both 
six-pole windings giving a speed of 1,200 
T. P. m. at 60 cycles, while Fig. 3 is an 
eight-pole winding for 900 r.p.m. at the 


same frequency. P. Justus. 
Chief Electrician, 

Chandler Motor Car Co., 

Cleveland, Ohio. 
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When the nameplate of an a.c. motor 
is missing and all connections are in 
place, even though the motor is burned 
out and has to be rewound, the number 
of poles in the winding may be deter- 
mined as follows: On two-phase mo- 
tors there are twice as many coil groups 
as there are poles; likewise on a three- 
phase motor there are three times as 
many coil groups as poles. Therefore, 
by dividing the number of coil groups 
by 3 the number of poles may be ascer- 
tained on a three-phase motor, and on 
a two-phase machine there would be 
one-half as many poles as coil groups. 

The coil groups can easily be recog- 
nized by the stubs or series connections 
from each individual coil to the others 
in that particular coil group. A coil 
group is seldom less than two coils, in 
which case there would be one stub; 
a coil group of three coils would have 
two stubs, and the remaining two ends 
would tie to the next coil group in that 
phase or to the line, in some parallel 
connections. The number of stubs will 
be one less than the number of coils 
forming that particular group. 

In counting the groups in a stator of 
Which the nameplate is gone, it is a 
good idea to check up the number of 
oils in several groups to be sure that 
the number is the same in each group. 
{f they are found to be unequal, it is 
a bastard grouping and the poles will 
not divide into the number of coils by 
an even number, a six-pole machine 
with 48 coils being an example. Here 
18 groups are necessary, but 18 goes 
into 48, 2§ times and this would neces- 
sitate an unequal grouping. There 
would be, accordingly, 12 groups of 
3 each and 6 groups of 2 each. These 
would, of course, have to be arranged 
so that there would be an equal num- 
ber of coils in each phase, and also so 
that they would be equally spaced 
around the stator. 

Occasionally, the poles of a storage 
battery corrode, which is caused by the 
action of sulphuric acid on some metal 
other than lead, especially copper. This 
is probably due to the battery post 
being loose. R. S. T. will find that the 
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Direct current is passed through 
the windings and the number of 
poles found with the aid of a 
compass. 


Fig. 1 shows how the direct-current 
should be applied to a three- hase, 
star connecte nang while Fig. 2 
shows how it is applied to a delta- 
connected winding. Fig. 3 shows the 
method of connecting for a two- 
phase winding. 


, B 
Ne 
“Direct current connected here 
FIG.2 
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negative will also corrode, but not so 
much as the positive. Just why the 
positive corrodes more than the nega- 
tive I have been unable to find. Com- 
mercial vaseline applied to these termi- 
nals will prevent this and washing the 
top of the battery in a solution of com- 
mon soda dissolved in water will be of 
aid. A weak solution of commercial 
ammonia is also good. 

Birmingham, Ala. GRADY H. EMERSON. 
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Drying Out Direct-Current Motors.—One 
of our largest steel works was recently 
flooded, due to the breaking of a dam. 
About 500 direct-current, shunt-wound, 
250-volt motors, ranging in size from 
10 to 250 hp. have been under water 
for 10 days. Our problem is to dry 
out these motors in the shortest time. 
The greatest difficulty encountered is in 
drying out the shunt-fleld coils. Dry- 
ing out in an oven is rather slow, due 
to the large number of motors that must 
be taken care of. I would greatly ap- 
preciate learning from readers what 
methods they would suggest for drying 
out these motors, particularly the field 


coils. 
Bressoux, Liege, Belgium. P. V. H. 


In reply to P. V. H. 's question re- 
ferring to the drying out of d. e. motors, 
the writer had a similar experience 
after a mine explosion in the West 
where the 500-volt motors used had 
been under water for several weeks. 
These motors ranged in size from 5 to 
200 hp. 

We proceeded at first by stripping 
the outside insulation off the coils and 
washing them with benzine. The coils 
were wiped dry and put in an electric 
oven used for baking armatures. How- 
ever, this process was too slow, since 
a coils dried out on the outside surface 
only. | 

It was urgent that we have these mo- 
tors in operation at the earliest possible 
time; so we arranged to connect the 
shunt coils inside the oven in series 
with a resistor, applying about 75 per 
cent of normal field voltage, while the 
oven temperature was regulated at 180 
deg. F. for 6 to 12 hr., depending on thge 
size of the coils. 

After this treatment the field voltage 
was raised to normal, the oven temper- 
ature was gradually raised to 220 deg. 
F. and the coils were baked for about 
2 hr. The coils were then tested, dipped 
in a baking varnish, allowed to drip, 
and baked again for 10 hr. at a tem- 
perature of 190 deg. The series and 
interpole coils were treated as above, 
except a heavier resistor was used for 
controlling the increased current re- 
quired to raise the temperature of the 
heavier copper. We experienced diffi- 
culty in removing the sludge and mud 
from the armature and interpole coils, 
but found that by first drying (not 
baking) the windings and applying a 
benzine wash, the mud was easily re- 


moved. WILLIAM J. MILDON. 
Supt. Power & Equipment, 

Madelira-Hill Coal Mining Co., 
Philipsburg, Pa. 
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Answering P. V. H.’s question, if a 
generator or other source of power is 
not available I would suggest that he 
dry out one of the motors in any 
convenient manner and use it as a gen- 
erator. After removing the armatures 
of the other motors the field windings 
can be dried out by connecting a num- 
ber of them in series and passing cur- 
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rent from this generator through them. 
This scheme will enable him to save 
time, if the motors can be grouped 
conveniently. Care must be taken, 
however, to limit the current to a safe 
value so that the windings will not be 
overheated. Covers should be used for 
each machine, to keep the heat in. Also, 
grids or other heating devices may be 
placed in the base of each unit to 
furnish additional heat. 

For drying out the armatures, I sug- 
gest that these be covered with an 
asbestos pad. Resistance wire of suit- 
able length and size for the voltage 
employed should be wound over the 
asbestos covering. When current is 
passed through the resistance wire it 
will heat up enough to dry the ar- 
matures out very satisfactorily. The 
asbestos covering is needed as an insu- 
lator, as well as to give protection from 
local overheating. 

Vigilance must be exercised during 
the drying-out process to prevent 
damage. A temperature of 175 to 185 
F. can be safely used and maintained 
constant by the use of a rheostast or 
by regulating the generator voltage. 


Chief Electrician, E. J. MORRISSEY. 
Western United Gas & Electric Co., 
Aurora, III. 
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Overload Protection for Generators.— 
(1) We have installed in our power 
plant, two 2.000-kva. generators and two 
4,000-kva. generators all of which are 
rated at 2.300 volts, three phase, 60 
cycles, 3,600 r.p.m., and are driven by 
steam turbines. What protection should 
we have on these generators? Should 
reverse power relays, or overload relays, 
or both be used? Are these relays neces- 
sary and also what other protection is 
required on these machines? The four 
machines are arranged to be paralleled 
together and quite often all of them are 
running simultaneously. (2) We have 
installed one 50-kw., 125-volt, motor- 
driven generator which operates in par- 


allel with two 100-kw. steam-driven ex- 


e citers for Supplying field excitation for 
synchronous motors. Should we have 
circuit-breaker protection on these ma- 
chines and if so, should a three-pole 
circuit breaker be used? I shall appre- 
ciate any information that renders can 
give me regarding these questions. 
Detroit, Mich. R. J. 


The following are my answers to 
R.J.B.’s questions regarding the over- 
load protection required for generators. 

(1) The accepted practice, when a 
number of generators are operated in 
parallel, is not to install any protection 
against direct overloads on the gen- 
erating equipment. This practice is 
due to the possibility of one of the gen- 
erators being tripped through faulty 
relay setting or operation, thus throw- 
ing more load on the other generators. 
This condition is particularly liable to 
occur when the load is variable and the 
prime movers driving the generators 
have governing characteristics which 
are markedly different. 

Experience indicates that protection 
should be installed only for faults in 
the generators themselves. This pro- 
tection should operate as quickly as 
possible and immediately disconnect a 
generator when the trouble occurs. For 
this purpose the so-called differential 
protection is most used. To apply this, 
it is necessary, however, to have the 
ends of each phase winding brought out 
of the generator winding so as to per- 
mit the insertion of current trans— 
formers. While this is possible in a 
new generator, those of the older type 
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usually have only three line terminals 
and the bringing out of the other three 
may not be a simple or an easy matter. 
In these cases a reverse power relay 
could be installed, but the protection 
would not be as good as with the dif- 
ferential method. 

The accompanying diagram shows 
the connections for the differential pro- 
tection of a three-phase generator. The 
connections are shown for the condi- 
tion when the main oil circuit breaker 
is open. This form of protection con- 
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Connection scheme for protection 
of generators. 


This scheme provides what is known 
as differential protection and puts the 
enerator out of circuit in case of 
aults developing in the winding. It 
is deemed inadvisable to protect the 
generator against straight overloads 
due to too much load. 


sists of balancing the current leaving 
the generator at one end of the wind- 
ing against the current flowing through 
the same section but at the other end 
of the winding. This scheme of protec- 
tion is usually accomplished by con- 
necting a current transformer at each 
end of each phase winding, connecting 
their secondaries in series, and then 
connecting a current relay across these 
secondaries, as shown in the diagram. 
As long as the secondary currents are 
equal, no current will flow through the 
relay windings. Any leakage of cur- 
rent, however, to other phases or to 
ground will upset this balance, and send 
current through the relay. The relay 
in turn operates to trip the circuit 
breaker and disconnect the faulty 
equipment. 

The scheme as shown has limitations 
in that it will not always protect 
against short-circuited turns in the 
generator winding. Also, it will not 
always protect against a low- resistance 
ground on account of the very small 
unbalance and also because the very 
low setting of the relay required would 
be too sensitive for practical operation. 
A ground relay can be used if the gen- 
erator is not connected directly to the 
bus, but with all machines stepping up 
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separately through transformers there 
is no trouble. In general the scheme 
shown is fairly satisfactory without 
special equipment. 

It should be understood that where 
machines have grounded neutrals and 
all connect directly to the bus, only one 
neutral can be closed at one time. 
Should the generators be operated with 
a grounded neutral, the differential 
protective scheme will allow the in- 
stallation of an additional relay to pro- 
tect a generator from a fault to ground 
by inserting a current transformer in 
the ground connection, as shown in the 
diagram. 

The relay used in connection with 
differential protection is the same as 
the straight overload type of relay ex- 
cept that it operates at a much lower 
current. One manufacturer makes a 
relay for this purpose that operates at 
a range from 0.5 to 2.5 amp. 

(2) For exciters operated in parallel, 
experience indicates that a reverse- 
current relay is sufficient protection. 
Regarding the question of circuit 
breakers, nothing is said of the type of 
machine in service, but under any con- 
dition for a straight shunt or com- 
pound - wound machine a two pole 
breaker on a two-wire excitation system 
is satisfactory. 


C. OTTO VON DANNENBERG. 
Pe Ene, Engineer, 
General Engineering & Management Corp., 
New York, N. Y. 
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In answer to the questions asked by 
R. J. B., I have the following to say: 

(1) The general practice, and the 
one which is more reliable for a power 
plant installation, is to have the gen- 
erators installed without overload pro- 
tection. This practice should be fol- 
lowed when using only one generator, 
or when there is more than one, for 
it gives an assurance of continuous 
operation without the danger of shut- 
down. Alternating-current generators 
of the size and capacity which R. J. B. 
has, are usually well built and solid 
enough to withstand severe strains and 
stresses. The winding, as a rule, is 
lashed to prevent the twisting and 
raising action caused by overloads. 
The generators will stand without in- 
jury several times full-load current if 
it is of short duration. 

In case of a short-circuit, turbine- 
driven, alternating-current generators 
will deliver about 15 times full-load 
current for a few seconds after which 
the current will drop to about one and 
a half to two times full-load current. 
This is because of two factors: The 
reactance of the generator winding, and 
the degree of field excitation that the 
exciter will furnish under the circum- 
stances at the time. These things make 
generators of this class able to take 
care of themselves in case of extreme 
overloads, or at least, until an attendant 
can correct the trouble. If over-load 
protection were used and trouble should 
occur on the system, such as a short- 
circuit, ground, failure or stalling of a 
large motor, or a heavy line surge, 
enough current might be taken to cause 
the overload relay to trip, thereby shut- 
ting down the entire plant, while if the 
generator did not have overload pro- 
tection, it would take care of the over- 
load until the overload relays on the 


August,1926 


feeder switch protecting the circuit on 
which the trouble occurred, could oper- 
ate and open the switch, thereby cut- 
ting off only the one circuit and thus 
preventing a station shutdown. With 
proper operation and attention, it will 
not be necessary to have either the over- 
load relays or the reverse power relays 
for generator protection. The power 
plant operation will be more satisfac- 
tory without them, as far as power 
troubles are concerned. 

(2) If the motor-driven, direct-cur- 
rent generators and the turbine-driven 
exciters are used to excite the fields of 
the alternators, there should be no cir- 
cuit breaker protection on them for if 
the circuit breakers should open from 
any cause whatsoever, the alternator 
field would be killed which would result 
in a complete interruption to the elec- 
trical power output of the station. If 
the exciters are being used to excite 
the field of the synchronous motors 
only, circuit breakers could be used if 
desired, but even for motor field excita- 
tion it would be better not to use a 
circuit breaker, for if by chance the 
breakers should open while the motors 
were loaded, the motors would take 
such a large amount of current that 
the windings would be ruined within a 
very short time unless proper overload 
protection were provided for the motors. 


Muncie, Ind. GEORGE CROPPER. 
* + * * 
Trouble with Solder. — We are having 


considerable trouble in making soldered 
joints hold on rectangular wire in coils 
that are subjected to rather high tem- 
perature, such as might be the case in 
series fleld coils and brake series coils. 
We have tried an 80 lead—20 tin solder. 
but it melts due to the excessive heat. 
Can our readers suggest any methods 
that will enable us to join these wires 
together in a manner that will stand 
rather high temperature? I shall be 
very much indebted to any reader who 
can give me some help in this matter. 
Norton, Va. W. H. 


Replying to W. H.’s question in the 
March issue, I would say from past 
experience that the trouble is due to 
high resistance in the joints, rather 
than high operating temperatures. If 
W. H. will use a 95 per cent pure tin 
solder, I feel quite sure that his troubles 
will disappear. 

While this type of solder has a much 
lower melting point than the kind he 
is using, it also has a much lower re- 
sistance, thus causing less local heating 
at the joint. I have had exactly the 
same trouble with field and armature 
connections and in both cases it was 
eliminated by the use of 95 per cent 
tin solder. R. R. SCHELLENGER. 


Electrical Engineer, 
Elk Horn Coal Corp., 
Wayland, Ky. 
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In answer to W. H.’s question relative 
to trouble with solder on series field and 
brake coil connectors, the usual custom 
is to allow the ends of the wire to 
extend far enough beyond the coil being 
wound to double the wire and use a 
suitable connector or clamp which will 
eliminate the soldering process. If this 
is inconvenient, the splice or connection 
can be brazed with a spelter composed 
of four parts zinc to one part copper. 
This alloy melts at a temperature of 
1,275 deg. F. The melting temperature 
can be raised by addition of copper. 
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To braze, it is important that the 
spelter should melt at a lower temper- 
ature than the material to be brazed 
and that the ends of the wires should 
be thoroughly cleaned. Apply a small 
amount of a good brazing flux and 
keep the neutral flame of a small acety- 
lene torch moving over the part to be 
brazed, to prevent it from fusing. When 
space is limited, it may be advisable to 
use pieces of sheet asbestos to prevent 
overheating of the insulation. 

WILLIAM J. MILDON. 


Supt. Power & Equipment, 
Madefra-Hill Coal Mining Co., 
Philipsburg, Pa. 


t „ „ „ 


Changing 25-Cycle Brake Coll to 60- 
Cycle Service —I am having a little 
trouble in changing over. a brake coil 
from 25-cycle to 60-cycle service. This 
coil is used on the brake on the hoist 
motion of a 10-ton traveling crane. The 
coil was originally wound with about 
1,400 turns of No. 21 magnet wire for 
25-cycle service. I have rewound the coil 
using 800 turns of No. 15 wire, but the 
coil only lasted a few days before burn- 
ing out. and it does not seem to have 
the lifting power of the old coil when 
used on the 25-cycle service. This coil 
was formerly connected across a 440-volt 
25-cycle power supply and will be used 
on the same voltage for the 60-cycle 
service. The diameter of the smallest 
turn is about 2 in. and the largest turn 
about 4 in. The coil is in reality a 
solenoid with a plunger working through 
the center of it. Can some reader tell 
me how many turns to use on this coil 
and what size of wire should be used 
in order that I may use it on the 60- 
cycle power supply? 

Green Bay, Wis. H. B. 


In reply to H. B.’s question, the num- 
ber of turns in the coil is, for practical 
purposes, inversely proportional to the 
frequency, thus: Ni: N: :: F. : Fi, 
where Ni and Fi represent the original 
number of turns and frequency, respec- 
tively, and N: and F., the new number 
of turns and frequency. Then (1,400 x 
25) + 60 = 583, say 600 turns. 

The corresponding larger size of 
wire to use is No. 17. Since the wind- 
ing volume is not given, I checked this, 
based on s.c.c. wire and find that No. 17 
wire will not quite fill the winding 
space. Therefore, each layer of wire 
should be well insulated from the suc- 
ceeding layer by dry insulating paper, 
to make the diameter of the coil as 
large as conditions will permit to 
reduce the heating. 

The coil apparently is used on a 
shunt brake, intermittent duty and 
should be dipped or impregnated in 
insulating varnish. In many cases it 
is cheaper to obtain the proper coil 
from the manufacturer of the appa- 
ratus as it is oftentimes difficult to 
wind and treat coils properly with the 
equipment at hand. 

Bobbin-wound coils are dipped in 
heated insulating varnish and then 
baked for several hours. Form-wound 
coils are impregnated by being placed 
in vats with the insulating compound 
and subjected to pressures up to and 
including 100 Ib. per sq. in. The coils 
are then removed and baked for sev- 
eral hours in an 18- to 20-in. vacuum. 
This treatment removes all of the mois- 
ture and keeps the coil from absorbing 
moisture. Also, the insulation between 
adjacent turns and layers is very much 
improved. | E. H. LAABs. 
Engineering Dept. 


The Cutler- Hammer Mfg. Co., 
Milwaukee, Wis. 
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In reply to H. B., if this brake coil is 
wound with 585 turns of No. 17 wire, 
I think no further trouble will be 
experienced. 

Whenever the line frequency is in- 
creased 2.4 times, the number of turns 
has to be decreased accordingly, since 
increasing the frequency increases the 
impedance. 

As the resistance is very small in 
comparison to the reactance the turns 
will have to be reduced to (25 ~ 60) 
x 1,400 = 583 turns. No. 21 wire 
has an area of 810 cire.mils and in 
order to increase the size 2.4 times, 
the area would have to equal 810 x 2.4 
= 1,944 cire.mils. No. 18 wire has an 
area of 1,624 circ.mils and No. 17 has 
2,048 circ.mils; therefore, No. 17 would 
be the better size to use. However, as 
the same amount of work is expected 
of the coil, that is, foot-pounds to be 
lifted, and since it is also operated on 
the same voltage, the size of wire is 
not so important as might at first be 
thought. | 

The reason why the rewound coil 
did not stand up under the new fre- 
quency was because the number of 
turns was not decreased sufficiently to 
reduce the impedance to its original 
value. This cut down the current flow 
below its former value. With the con- 
sequent reduction in flux, the coil was 
not able to lift the plunger high enough 
so that the reactance would cut the 
current to a safe value. 


NICHOLAS J. WEISS. 
West New York, N. J. 
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H. B.’s problem is one which can be 
solved by using the old transformer 
formula, maximum flux = (volts x 
10°) — (4.44 x turns x frequency). 
To obtain the same lifting power from 
the solenoid on a 60-cycle supp'y as on 
a 25-cycle supply, the voltage remain- 
ing constant, it will be necessary to 
keep approximately the same value of 
maximum flux. 

It is evident from the formula that 
the number of turns in the coil must 
be changed inversely as the frequency, 
that is, the number of turns are de- 
creased in the same proportion that 
the frequency is increased. Therefore, 
the correct number of turns for the 
new coil must be (25 x 1,400) ~ 60 
= 584. 

H. B. will be able to see why the 
lifting power with 800 turns was not 
so great on 60 cycles as it was with 
1,400 turns on 25 cycles. The maxi- 
mum flux was only (25 X 1,400) + 
(60 x 800) = 0.73 or about 73 per 
cent of what it was before. The rea- 
son for the coil burning out with this 
winding of No. 15 wire was probably 
the lack of pulling power to raise the 
plunger to a point in the coil which 
would make the reactance great 
enough to cut down the current to a 
safe value. 

A No. 17 B. & S. gage wire could be 
wound in the coil space very nicely 
with 584 turns and should give a coil 
which will perform as ‘well on 440 
volts, 60 cycles, as the old coil did on 
the 440-volt, 25-cycle power supply. 

J. M. WALSH. 


Asst. Chief Engineer, 
Gurney Elevator Co., 


. New York City. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular 


operating conditions are invited from readers. 


The items may 


refer to inspection, overhauling, testing, and emergency or special installations. 


Comparative Advantages 
of A.C. and D.C. Motors for 
Larry Car Service 


HEN larry cars are propelled at 

constant speed, the question of 
whether to use a.c. or d.c. motors is 
often very properly determined by the 
kind of current available. Alternating 
current can be used but the following 
disadvantages will be encountered, some 
of which can be overcome by proper 
application and installation of the 
motors and other equipment. 

(1) Alternating current requires the 
installation of an extra trolley wire or 
rail with extra insulated supports, 
guards, and so on, as well as additional 
labor for installing. (2) The induction 
motor has a maximum torque for start- 
ing and under some conditions would 
fail to move the load, whereas a d.c. 
series motor, if correctly applied, would 
either move the load or slip the wheels. 
(3) The starting current drawn from 
the line by a d.c. series motor is much 
less for the amount of torque exerted. 
(4) The series motor speeds up under 
light loads and will propel a light car 
faster than the a.c. motor. (5) With 
a series motor it is possible to obtain 
creeping speeds with either high or low 
torque. As an induction motor is in- 
herently a constant-speed machine, it 
has a very steep characteristic at par- 
tial speeds and becomes very unstable, 
particularly at low torque values. (6) 
In case the supply voltage is low, the 
torque exerted by an induction motor 
is reduced to direct proportion to the 
square of the impressed voltage, that 
is, if the voltage were 90 per cent of 
full value, the torque would be 81 per 
cent. Reduction in d.c. voltage has no 
effect on the torque of a series motor. 
All of these objections, with the excep- 
tion of (5) can be overcome if the 
motors are properly applied. 

It is difficult to obtain slow speed 
with an induction motor, although slow 
speed can be obtained by the use of a 
d.c. series motor with properly designed 
control equipment. If low speed run- 
ning is required with high torque, fair 
results can sometimes be obtained with 
an induction motor by putting an arti- 
ficial load on the motor by a solenoid 
brake and inserting resistance in the 
secondary. This method is not econom- 
ical of power and also puts considerable 
extra wear on the brake. Slow speed 
and low torque are practically impos- 
sible to obtain with an induction motor 
and the advantages of the d.c. series 
motor become more pronounced. 

An illustration of motor requirements 
may be seen in a foundry which has a 
larry car for hauling sand to the leach- 


ing boxes, where the sand is poured into 
the sand boxes, then smoothed over by 
means of a plow, and finally sprinkled, 
after which the larry car returns to the 
sand chute. All of these operations are 


Connections on Ist. controller point 


Fig. 3—This shows the controller 
connections for a series d.c. motor 
on a larry car. 


performed by the car. When hauling 
the sand, moderate torque and high 
speed are required. In spreading the 
sand, high torque and low speed are 
required. For sprinkling, low torque 
and low speed are required. Fig. 1 
shows the characteristics of a slip-ring, 
variable-speed, induction motor of the 
type generally used in crane hoist serv- 
ice. The accompanying table gives the 
operating requirements of the motors. 
based on the various operations of the 
larry car. 

Comparing the a.c. data in the table 
with Fig. 1 it will be noted that points 
A and B are 96 and 98 per cent speeds 
respectively. This is according to what 
one would expect, since the induction 


motor is essentially a constant-speed 
machine. In other words the larry car 
returns empty at only a slight increase 
in speed. Points A and B in Fig. 2, 
which give the characteristics of the 
d.c. motor, show 140 and 170 per cent 
speeds respectively. A series motor 
speeds up under light load and conse- 
quently the car will be returned empty 
for another load of sand at a higher 
speed. 

Referring to operation 3 in the table, 
it will be noted that the car must pro- 
ceed under heavy load and at slow 
speed, because the plow is spreading 
the sand and the speed should be re- 
duced to approximately 9 per cent. In 
Fig. 1 it will be seen that 9 per cent 
speed and 98 per cent torque occur at 
point C. It should also be noted that 
point C occurs on curve No. 4, which is 
obtained on point No. 4 of the control- 
ler shown in Fig. 3. This is a very 
unstable point as is evidenced by the 
steepness of the curve. If the torque 
is increased from 98 per cent to 108 
per cent, due to the binding of the car 
wheels on the track or some other 
cause, the car will stop. If the torque 
is reduced 10 per cent due to a slight 
dip in the track, the speed will be dou- 
bled. Referring to the corresponding 
point C in Fig. 2 an increase or de- 
crease in this amount of torque on a 
d.c. series motor will mean an increase 
or decrease in the speed of only ap- 
proximately 1 per cent. This is due to 
the flatness of the curve which is ob- 
tained by a shunted armature connec- 
tion, as shown in Fig. 3. 

In order to propel the car when 
sprinkling acid, it is required to have 
a creeping speed of 26 per cent; the 
torque is then light instead of heavy 
because the larry car has dumped its 
load of sand, and the plow for spread- 
ing the sand has been raised. For the 
induction motor, the conditions which 
caused unstable operation at slow speed 
and heavy torque have now become 
aggravated, due to the decrease in 


Load and Duty Cycles for 
A. C. and D. C. Motors in Larry Car Service 


PER CENT 


OPERATION 


. Propel car at full speed with 
load of sand 

. Propel car at full speed empty... 

. Propel car when spreading sand. 

. Propel car when sprinkling acid. 
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D.C. 


August,1926 


torque. Point D in Fig. 1 falls on 
curve No. 1 which is the first point on 
the controller. It will be seen that a 
very small increase in torque will stall 
the motor and a very small reduction 
in torque will accelerate the motor to 
practically full speed. In fact, the 
speed-torque curve of the induction 
motor becomes very steep at this low 
range of torque, so that it is rather 
difficult to tell the exact speed because 
of the large variation for a slight in- 
crease or decrease in torque. In Fig. 
2, point D falls on the shunted arma- 
ture connection curve. As in cases of 
spreading sand at high torque and low 
speed, a moderate increase or decrease 
in torque will not materially effect the 
speed of the car and for practical 
purposes may be disregarded. 

As suggested previously, fairly pass- 
able results can be obtained from the 
induction motor by putting an artificial 
load on it and inserting resistance in 
the secondary. This results in placing 
the operating point on a flatter curve. 
For example, enough load can be put 
on the motor by tightening the brake 
to get 62 per cent of full-load torque 
and the resistance in the secondary will 
be obtained by advancing the controller 
handle to the third point, or E in Fig. 
1. It will be seen that operating condi- 
tions here are much more stable than 
at point D on the same diagram, but 
do not compare with operating condi- 
tions as given for point D of the series 
motor, in Fig. 2. If a very consider- 
able amount of running is done with 
the brake on, it may result in exces- 
sive wear and heating of the brake 
shoes. This method should be recom- 
mended only for short and occasional 
operation; it should never be used for 
continuous service. 

With the series motor, it is possible 
by adjusting the values of resistances 
R., R, and B., B., to get various slopes 
for the first curve at the bottom of the 
diagram in Fig. 2 to suit practically 
any combination of torque and speed 
that the conditions require. If the 
values of R., R: are increased, they will 
cause this curve to become flatter and 
to cross the abscissa at a higher torque 
value. It will also slightly increase 
the value at which the curve crosses the 
ordinate at zero torque. Increasing 
Bi, B, instead of R., R, will have 
exactly the reverse effect and will give 
a steeper curve. In this case, it is 
assumed that the high-torque, slow- 
speed point C is somewhat lower in 
speed than the low-torque, low-speed 
value D. This lends itself to the slope 
of the shunted armature curve. If it 
is necessary to have the high-torque 
point C at a higher speed value than 
26 per cent shown at D, it will be 
necessary to use a controller which will 
provide two shunted armature points. 

The use of the shunted armature con- 
nection has certain limitations in ob- 
taining a creeping speed. If the speed 
is so low that a very flat, low curve is 
required, it may mean a shunted current 
of high value with a resulting large 
number of resistance boxes. This 
would not be economical of space or 
power. 


In the great majority of cases found 
in the various industries, where a creep- 
ing speed is necessary, the requirements 
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Figs. 1 and 2—Operating require- 
ments for alternating- and direct- 
current motors in larry car service. 


Fig. 1 shows the speed-torque curves 
for a slip-ring, variable-speed induction 
motor. The numbers on the curves 
correspond to the various positions of 
the controller. Fig. 2, speed-torque 
curves of d.c. series motor. 


are such, however, that the shunted 
armature connection can be success- 
fully used. R. F. EMERSON. 


Industrial Engineering Dept., 
neral Electric Co., 
Schenectady, N. Y. 


How to Determine Power Factor 
with Slide Rule 


OW that the slide rule is losing 
most of its mystery, some of the 
practical uses to which it may be put 
are interesting to know. It is often de- 
sirable to calculate the power factor of 
a circuit, a load, or a motor, when it 
is not possible to get simultaneous 
readings in kilowatts, amperes and 
volts. Most formulas for finding power 
factor require the use of trigonometric 
tables; a slide rule, however, will do 
just as well and is handier to use. 
For three-phase circuits, the power 
factor may be found by using a slide 
rule and the formula (a — b) = 
(a + b) X V3 = the tangent of the 
angle of which the cosine is the power 
factor. In this case a and b are either 
the readings of two integrating watt- 
meters or the single-phase readings 
from a polyphase wattmeter. The ex- 
pression (a — b) — (a + b) x V3 
may be replaced by reactive kva. kw. 
when the readings from a wattmeter 
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and from a reactive kilovolt-ampere 
meter are available. The expressions 
just given may be solved with or with- 
out the slide rule, as desired, to com- 
pute the value of the required tangent. 
In using the slide rule, the following 
procedure is required: Set the slide 
so that the end of the 45-deg. line or 
the tangent scale coincides with the 
end of the D scale. Then place the 
hairline against a number on the D 
scale corresponding to the tangent 
value previously found, and read off 
the angle on the tangent scale. Since 
the slide rule has no cosine scale but 
tangent and sin scales only, the sin 
scale has to be used. The cosine of an 
angle is equal to the sin of its comple- 
ment or its difference subtracted from 
90 deg. Therefore, subtract the angle 
already found from 90 deg. and with 
the slide in the same position, and the 
hairline placed against this comple- 
mentary angle on the sin scale, read 
the sin value on the A scale. This 
number is the required power factor. 
For tangent values below 0.9, the 
following method, although a little 
longer, will be found more accurate on 
account of the difficulty of obtaining 
accurate readings near the right-hand 
end of the sin scale, due to close spac- 
ing. For any angle, the sin divided by 
the tangent is equal to the cosine. Fol- 
lowing the same procedure as before 
find the tangent value and read off the 
corresponding angle on the tangent 
scale; then on the A scale read the sin 
value of this angle (this is not the 
complementary angle) on the sin scale. 
Set the slide to divide this sin value 
by the tangent value already found and 
the quotient will be the power factor. 
Although this method may appear 
rather cumbersome and requires a long 
explanation, it will be found easy to 
apply with very little practice and the 
power factor can be worked out to 
within ; per cent in less than a minute. 
A few examples will illustrate the 
procedure. Suppose you are using a 
polyphase recording wattmeter to check 
the load on a motor and you want to 
know the power factor. Take two 
single-phase readings by disconnecting 
either the potential or the current coil, 
as most convenient, first on one phase 
and then on the other. We will say 
that the single-phase readings are 414 
and 126 respectively. Substituting 
these values in the formula, (a — 5) 
+ (a + b) X V3 to find the tangent, | 
we will then have (414 — 126) + 
(414 + 126) x 1.732 = 0.923, the re- 
quired tangent. Now set the hairline 
at 923 on scale D, with the slide placed 
so that the scale ends coincide; the cor- 
responding angle on the D scale wi'l be 
42 deg. 40 min., approximately. Since 
0.923, the value of the tangent, is over 
0.9 use the first method. Subtract 42 
deg. 40 min. from 90 deg.; this gives 
47 deg. 20 min. Using the sin scale 
and the A scale, read the sin value of 
the angle 47 deg. 20 min., which is 
found to be 0.735. This value of 0.735 
is also the cosine of 42 deg. and 40 min. 
and is the required power factor. 
Again, if the average power factor of 
a load is required for say a month 
from the readings of two integrating 
wattmeters, which are 72,850 kw.-hr. 
and 43,710 kw.-hr. respectively, sub- 
stituting in the formula (72,850 — 
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43,710) + (72,850 + 43,710) x 1.732 
= 0.433, the required tangent. Set 
the hairline against 433 on scale D, 
as before, and read 23 deg. 25 min., 
approximately, on the tangent scale. 
As 0.433, the value of the tangent, is 
less than 0.9 the second method is more 
accurate. On the 4 scale read the sin 
of the angle 23 deg. 25 min., which will 
be about 0.397. Divide 0.397, the value 
of the sin, by 0.433, the value of the 
tangent. This will give 0.917, approxi- 
mately, as the power factor required. 
When it is necessary to find the 
power factor from the readings of the 
wattmeter and a reactive kilovolt-am- 
pere meter, all that is necessary is to 
divide the reactive kva. reading by the 
kw. reading, the quotient giving the 
tangent of the angle of which the co- 
sine is the power factor. Then proceed 
as in the examples given, according to 
whether the tangent value is above or 


below 0.9. J. H. GALLANT. 
Canada Cement Co., T.td. 
Belleville, Ontario, Can. 

— > — 

Chart for 


Determining Horsepower of Slope 
Hoist Motors 


N COMPUTING the horsepower 
necessary to operate slope hoists, the 


cycle of operation is hard to determine, - 


but the following approximate method 
will give horsepower values sufficiently 
close for all practical purposes. 

The total unbalanced weight to be 
hoisted may be calculated or estimated. 
Maximum values should be used if the 
hoist is to be operated continuously, 
and if it is to be used only for intermit- 
tent service, the motors should be able 
to carry the overloads for a short time. 
This is usually taken as 4 hr., and if 
the motor does not overheat in this 
length of time, it is assumed that it 
will be sufficiently large to carry all 
loads that may be imposed upon it. 
The selection of the values should be 
made with due consideration for the 
limitations of the installation; in some 
cases even the track and rope friction 
have to be figured. 

Per cent grade is found by dividing 
the difference in elevation by the 
distance hoisted. Some difficulty may 
be encountered when the grade is very 
flat in some places and comparatively 
steep in other places. In any event, 
it is necessary to hoist the load and for 
that reason one should consider the 
steepest grade. 

Hoisting speed in feet per minute 
would, under most circumstances, be 
an average value of the load speed. 
The maximum value used would be 
dependent upon the curves and the 
other physical characteristics of the 
track. The hoisting speed, per cent 
grade, and total unbalanced weight are 
directly proportional to the horsepower 
necessary for the hoist motor, but the 
efficiency of the mechanism is inversely 
proportional to the horsepower. 

The over-all efficiency of the hoist 
will be the one factor that may be 
increased by proper care and attention 
and will also be governed by the method 
of speed reduction used. The over-all 
efficiency will decrease as the hoist be- 
cames older and eventually the appa- 
ratus will be uneconomical to operate. 
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Since the efficiency decreases with age, 
the first or assumed value must be 
liberal, so that the motor will continue 
to operate the hoist for several years. 

In laying out the accompanying 
chart, the following formula was used: 
Hp. = (W x P x V) + (16.5 x E), 
where hp. is the horsepower of the 
hoist motor, W the total unbalanced 
weight in tons, P the per cent grade, 
V the hoisting speed in feet per minute, 
and E the efticiency of the hoist. The 
per cent grade and the efficiency are 
used as decimals on the chart. 


This chart is used for determining 
the horsepower required by motors 
to operate slope hoists. 


Assume that an unbalanced load of 
10 tons has to be hoisted up a 10 per 
cent grade at 1,000 f.p.m., with an 
efficiency of 60 per cent for the hoist 
and reduction gears. A straight-edge 
placed at 10 on the A scale and 10 on 
the B scale will intersect the C scale 
at point J. Connect point J with 1.000 
on the D scale and it will intersect 
the E scale at point L. Place the 
struight-edge on point L and 0.6 on 
the F scale and it will intersect the 
G scale at point N. which reads 100 
hp., for the required motor rating. 


Total Tons Unbalanced Weight Hoisted 
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In using the chart, note that the 
scales are lettered consecutively A to G 
in the order of their use. First place 
a straight-edge on the value of the 
unbalanced weight to be hoisted and 
on the value of the per cent grade. 
The intersection of the straight-edge on 
the pivot scale C is noted. Then place 
a straight-edge on this point of inter- 
section on the C scale and the value 
of hoisting speed used, on the D scale, 
and note the intersection of the 
straight-edge on the pivot scale E. Do 
likewise with this point of intersection 
on E and the efficiency value required 
on scale F and note the intersection 
point on the G scale. This point on 
the G scale is the value of horsepower 
necessary for the conditions given. The 
problem worked out on the chart will 
illustrate the procedure. 

This chart will be found a time 
Saver, as a ready reference and, after 
a little practice, extremely simple to 
use. The range of values are so de- 
termined that they will meet the usual 
requirements. 

CHARLES F. CAMERON. 
Rock Springs, Wyo. 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 


ing element through the auxiliary transmitting equipment to 


Selecting 
Worm Gear Speed Reducers of 
Proper Capacity 


HE gear speed reducer has become 
a very important factor in the 
past few years as a menas of stepping 
down high-speed commercial motors 


and other prime movers where they. 


are to function with machinery and 
equipment operating at lower speeds. 
This same statement applies equally to 
the spur, worm, and herringbone gear 
types of speed reducers, all of which 
have certain uses for which they are 
best adapted. 

The worm gear speed reducer is 
suitable for use in installations where 
the direction of the power drive must 
be changed at right angles. This ar- 
ticle will be confined to a discussion of 
the worm gear speed reducers with 
particular attention to how these 
reducers can be applied in meeting 
individual speed reduction or power 
transmission problems. Basic informa- 
tion giving formulas and a knowledge 
of the applications of speed reducers 
to practical problems is important to 
the executive or engineer, when he has 
in mind the use of speed reducers in 
new equipment, or for replacements. 
This article follows closely the lines 
of a previous article (page 96, Feb- 
ruary, 1926) which described the 
methods employed in the selection of 
spur gear speed reducers of proper 
capacity. 

In dealing with worm gear speed 
reduction problems practically the same 
information relative to loads, horse- 
power and torque, is necessary in mak- 
ing the calculations as is required for 
the spur gear type. It must be remem- 
bered that, theoretically, the same 
horsepower is delivered by the reduc- 
ing units as is delivered by the prime 
mover. The speed, however, decreases 
through the worm reducer, depending 
upon the reduction ratio used, and the 
torque or twisting moment correspond- 
ingly increases. 

It must be borne in mind, also, that 
worm drives are inherently less effi- 
cient than spur gear reducers, and 
the power delivered to the driven unit 
will be considerably less than the power 
received, because of frictional and 
other losses in the worm drive. There- 
fore, this factor must be considered in 
making calculations. The formulas to 
be used in making computations for 
spur gear speed reducers and examples 
of their application were given in the 
item which appeared on page 96, in 
the February, 1926, issue of INDUS- 
TRIAL ENGINEER and will not be re- 
peated here. To make a proper selec- 


tion of the correct size of worm gear 
reducer to meet a given set of condi- 
tions, it is necessary to have a clear 
understanding of the relation of the 
various elements involved. Simple 
formulas show the relation of horse- 
power, load, and torque, and how to 
calculate the capacity of worm gear 
speed reducers required to meet certain 
conditions. The symbols used in the 
formulas are as follows: 


P = Load in pounds on drum or 
pulley. 
P, = Standing load in pounds on 
worm gear. 
21 R = Circumference of worm gear 
(inches). 
= Revolutions per minute 
(r.p.m.). 
T = Torque or twisting moment 
in inch-pounds. 
= Work done. 
Hp. = Horsepower. (33,000 ft.-lb. 
per min.) 


Torque or twisting moment is that 
force which tends to produce rotation 
in a shaft or pulley and is equal to 
the product of the force acting times 
the length of the lever arm. This is 
expressed by a formula, T = P X R 
(see Fig. 1). 

Work done is equal to the product 
of the force acting on the object, times 
the distance through which it moves. 
When D = distance traveled, then 
W =P x D. 

The distance through which the force 
acts in one revolution is equal to the 
circumference of the circle, which is 
27R. Work done in one revolution is 


Horsepower = 
PITRY rpm. 
33, 000412 


Fig. 1—This diagram 
is the basis for deter- 
mining horsepower re- 
quirements of speed 
reducers. 


all driven machines. 


expressed, W = P X 2rR in.-lb. Where 
the drum or pulley makes more than 
one revolution the total work done will 
be, W = P X 2rR x N in.-lb. 

Since 1 hp. is equivalent to 33,000 
ft.-lb. per min., the horsepower re- 
quired to revolve the pulley N times 
per minute against the weight P 
will be: Hp. = (P X 2rR X N) + 
(33,000 x 12). 

Other useful formulas derived from 
these equations are as follows: 


Hp. = (T x N) + 63,025; 

T = (63,025 x hp.) + N; 

Trx Re = T — R; 
= T + P: 

W = 2r XT XN. 


In dealing with worm drives it is 
necessary to take into consideration 
standing and running loads on the gear 
teeth. By standing load is meant the 
back pressure on the gear due to the 
load on the driven unit while at rest. 
Thus, Fig. 2, by applying the formula 
for torque it will be found that the 
torque necessary to move the load on 
the driven shaft will require a gear 
with radius R, but the standing load 
on the gear will make necessary a gear 
of larger radius, Rı, on such applica- 
tions as elevator hoist drives, and 
the like. 

To arrive at the proper radius 
for the worm gear in cases of this 
kind it is necessary to calculate stand- 
ing and running loads, as follows: 
P, = (P Xx R) + R, but T = P X R, 
then P. = T ~ R, and R, = T — Pi. 
Then R, will be the radius of the worm 
gear strong enough to withstand the 
standing load. 

By using one or more of the above 
formulas it is possible to solve prac- 
tically any speed reduction problem 
which may be presented; some of the 
methods used are indicated in the 
simple problems which follow. Let it 
be borne in mind, however, that in 
actual practice, the efficency of both 
the reducer and the driven machine 
must be considered, when selecting 
reducers of the proper size. Some ex- 
amples of the practical applications of 
these formulas on worm gear speed 
reducer problems may be given as 
follows: 

(1) If we have a drum with a 
radius of 6 in. and a load of 1,000 lb. 
to be moved, find the torque necessary 
to move it. 

T = P x R = 6 x 1,000 = 6,000 
in.-lb. torque. 

(2) If the drum is to be driven at 
1 r.p.m. how much work will be done 
during this revolution? 

W = 2r x T x N = 6.28 x 6,000 
x 1 = 37,680 in.lb. 
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(3) How much horsepower will be 
required to drive the above drum at 
15 r.p.m.? 


Hp. = (rR XP XN) + (33,000 
x 12) = (6.28 x 1,000 x 15) + 
(33,000 X 12) = 1.42 hp. 


(4) If we knew that the torque on 
the drum shaft was 6,000 in.-lb. and 
the speed 15 r.p.m., what horsepower 
would be required to drive it? 


Hp. = (T x N) + 63,025 = (6,000 
x 15) + 63,025 = 1.42 hp. 


(5) If 1.42 hp. is required to drive 
this drum at 15 r.p.m. what is the 
torque in inch-pounds on the center 
of the drum shaft? 


` T = (63,025 x hp.) + N = (63,025 
x 1.42) + 15 = 6,000 in.-lb. 


(6) If the torque or twisting mo- 
ment at standing load on the drum is 
6,000 in.-lb. and radius of the drum 
is 6 in., what is the load on the drum 
in pounds? 

P = T ~ R = 6,000 ~ 6 = 1,000 lb. 

(7) If the torque on this drum is 
6,000 in.-lb. and the load on the drum 
is 1,000 Ib., what is the radius of the 
drum? 

R = T P = 6,000 = 1,000 = 6 in. 
radius or 12 in. diameter. 

(8) If the drum radius is 6 in., the 
load 1,000 lb. on the drum, and the 
radius of the worm gear is 8 in., what 
is the standing load on the worm gear? 
P x R) + R. = (1,000 x 6) 


(9) If the torque on the drum shaft 
is 6,000 lb. and the standing load on 
the worm gear is 750 lb., what must be 
the radius of the worm gear to with- 
stand the load? 

Ri = T - P, = 6,000 + 750 = 8 in. 
radius or 16 in. diameter. 

Let us now assume the conditions 
for a problem and carry the calculation 
through to the selection of the proper 
size and type of worm gear reducer 
to do the work. Assume that we have 
an elevator whose efficiency is 95 per 
cent (i.e., the friction loss in bearings, 
sheaves, and so on equals 5 per cent). 
The elevator drum or sheave shaft is 
18 in. in diameter and is to be driven 
by a worm gear speed reducer at a 
speed of 15 r.p.m. The total load to 
be lifted is 3,548 lb. Speed of the driv- 
ing motor is 800 r.p.m. The computa- 
tions are as follows: 


Hp. = (2rR x P x N) + (33,000 
x 12) = (6.28 x 9 x 3,548 x 15) + 
(33,000 x 12) = 7.6 hp. 


As the efficiency of the elevator is 
95 per cent, the actual hp. required 
will be: 7.6 -- 0.95 = 8 hp. 

Assume the average efficiency of the 
worm gear speed reducer as 70 per 
cent; therefore, the size of motor re- 
quired will be 8 hp. + 0.70 = 11.43 hp. 
(Size of motor required which also 
indicates the load on the reducer.) The 
5 ration is 800 to 15 or 53.33 
o 1. 

Manufacturers generally list re- 
ducers according to capacities and 
reduction ratios and with the above 
information a selection of the proper 
machine can be easily made. It is 
necessary, also, to calculate the actual 
standing load for this particular 
problem and compare it with the safe 
standing load listed by the manufac- 
turer, to make sure that the reducer 
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Values of Tan A for 
Helix Angles 


Tan. A 


8 0.577 30 
0.176 10 0.700 35 
0.839 
1.000 


selected will withstand the load. Stand- 
ing load is determined as follows: 

P. = (P x R) + R. = (3,548 x 9) 
13.5 = 2,365 lb. | 

The capacity of the driving unit 
must always be great enough to com- 
pensate for frictional and other losses 
in the reducing unit and driven unit 
and to start the load on the driven unit 
even though the power required while 
running is much less. 
The efficiency of worm gear speed 
reducers varies considerably, depending 
upon the following factors, which are 
listed in the order of their importance: 


(a) Helix angle of the worm. 

(b) Pitch line speed of the worm. 

(c) Materials used in the worm and 
worm gear. 

(d) Nature of lubricant used. 

(a) The curves in the accompanying 
chart (Fig. 3), clearly show the rela- 
tion of helix angle to efficiency. To use 
the above efficiency curves it is first 
necessary to determine the lead or 
helix angle, as the figures used across 
the bottom of the curve, Fig. 3, rep- 
resent degrees. To obtain lead or helix 
angle use the following formula. 

A = Helix angle; L = Lead in 
inches. 

P.D. = Pitch dia. of worm. 

Tan A = L + P.D. 


The accompanying table gives values 
for the tangent in steps varying from 


Figs. 2 and 3—Force diagram of 
worm reducer and worm gear effi- 
ciency curves. 


The drawing at the left indicates the 
action of the load on a worm gear and 
is used in connection with the formu- 
las. The chart at the right shows the 
relation of the helix angle of the worm 
to the efficiency. The figures across 
the bottom of the chart represent the 
helix angle in degrees. This helix 
angle is determined by using the 
accompanying formula and table, as 
described in the text. 
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5 to 45 deg. which will assist in locat- 
ing on the efficiency curve the result 
arrived at by solving the above for- 
mula for various leads and pitch diam- 
eters of the worm. 
In cases where worm reduction units 
are operated under heavy loads at com- 
paratively slow speeds the efficiencies 
will be considerably lower than in- 
dicated by the curve. In such cases 
the efficiency may be increased some- 
what by using a heavy grade of lubri- 
cant which prevents the oil film from 
squeezing out and breaking down. 

(b) The factor of the pitch-line speed 
of the worm should be considered in 
selecting worm reducers, and motors to 
operate them. Pitch-line speed of worm 
should preferably stay below 1,000f.p.m. 

(c) Long experience and numerous 
tests by reducer manufacturers have 
indicated that the combination of a 
steel worm and bronze worm gear give 
good results and high efficiency for 
continuous service. For intermittent 
service, the steel worm and semi-steel 
worm gear have been found very satis- 
factory. 

(d) The influence of the lubricant 
used on the efficiency is a minor factor, 
but the highest efficiencies will 
maintained by following the recom- 
mendations of the manufacturer for 
lubrication of a given unit. 

For certain classes of work such as 
hoists, inclined conveyors, or where the 
load must be suspended after the power 
has been shut off, it is desirable to have 
worm gear speed reducers which are 
self-locking, to prevent a reversal of 
the reducer. Where such reducers are 
required a worm with a smaller lead is 
necessary. Such a worm may be cal- 
culated as follows: 


PD = Pitch diameter of the worm 
gear in inches. 

C = Center distance between 
shafts of worm and worm 
gear. 

P. D. = Pitch diameter of worm. 

H = Cotangent of helix angle of 
worm. 

E = Lead in inches of worm 
thread. 

P. D. = 2C — PD. 
H = (r N P,D,) + E. 


For a single-thread worm the lead E 
equals the distance between threads; 
for multiple worms, multiply this 
distance by the number of separate 
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threads. If the angle whose cotangent 
is equal to H is less than 5 deg. the 
worm will be self-locking. 

Chief Engineer. HARRY C. PETERSON. 


Foote Bros. Gear & Machine Co. 
Chicago, III. 
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Method of Checking 
Parallel Alignment of Machines 
With the Lineshaft 


ECENTLY, I had occasion in con- 

nection with the installation of a 
battery of broad drop hammers, each 
driven by two belts from pulleys at each 
end of the hammer shaft, to devise some 
method whereby the alignment of the 
shafts of the hammer could be made 
absolutely parallel with the lineshaft. 


This device was used to check the 
distance between the ends of the 
shafts of broad drop hammers with 
the lineshaft, to secure perfect 
alignment. 


The bearing at the right is bushed to 
fit the shaft of the broad drop hammer. 
The distance to the Ilmeshaft is then 
measured exactly by the micrometer. 
The equipment is then moved to the 
other end of the shaft and the opera- 
tion repeated. The difference in the 
micrometer readings shows how much 
the shafts are out of alignment. 


To do this the special gage shown in the 
accompanying sketch was constructed. 
This consists primarily of a brace and 
two pieces of steel tubing, one of which 
will slide inside the other but still has 
a close enough fit so that it will not 
allow any side motion. A clamp per- 
mits fastening the two tubes together in 
any position. 

The piece of 1i-in. tubing is 10 ft. 
long and the piece of 13-in. steel tubing, 
which fits inside of it, is 12 ft. long. 
There should be a minimum of 2 ft. 
overlap of the two tubes. When ex- 
tended to full length, this device may be 
used to check the alignment of shafts 
about 20 ft. apart, or it may be short- 
ened up to about 104 ft. as a minimum 
distance. These lengths may, of course, 
be made to fit any special conditions al- 
though probably the length indicated 
above would be the maximum for con- 
venience in handling. 

The brace consist of three aluminum 
castings and four wires or braces with 
turnbuckles in them. The four-armed 
spider in the center of the brace may be 
made either from an aluminum casting, 
or built up by welding. The ends of the 
brace were made from aluminum cast- 
ings, as shown. The large casting at 
the right is made to clamp around the 
piece of 14-in. steel tubing; the bearing 
which is at right-angles to the steel 
tubing is bored out to a larger diam- 
eter than any of the shafts on the broad 
drop hammers. Hammer shafts of dif- 
ferent diameters were taken care of by 
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using various sizes of split bushings. 
When in use this bearing is clamped onto 
one end of the shaft of the hammer. 
The casting on the other end of the 
device holds an inside micrometer, as 
shown, and is moved along on the tub- 
ing until close to the lineshaft and then 
clamped. It is then possible to make a 
careful adjustment and measurement of 
this distance. Additional adjustments 
for distance may be made by loosening 
the clamp in the center and sliding the 
13-in. tubing in the larger tubing. 
After taking measurements at one 
end, the device is then moved to the 
other end of the hammer shaft and the 
operation repeated. The difference in 


the readings of the micrometer shows 
the amount that the shafts are out of 
alignment. 


After the machine is 


I$ Steel tubi 
Are tubing 


Aluminum bearing, bore 
to receive split bushings 
of various S 
straightened around, the alignment is 
again checked in the same way. This is 
repeated until there is no change in the 
micrometer readings. 
Mechanical ated W. W. NICHOLS. 


. P. Brown . 
Detroit, Mich. = 


Selection of Gears and Pinions 
for Steel Mill Service 


E HAVE experimented with gears 

and pinions on cranes and mill 
motors for a long time. Several dif- 
ferent manufacturers’ products have 
been used, many of which have given 
excellent results. For several years our 
experiments were confined to pinions 
which revolved at high speeds, and con- 
sequently wore out most frequently. 
We felt that a worth-while saving could 
be made, if a satisfactory gear material 
could be found. About 20 years ago 
we purchased three so-called tool steel 
pinions made by the Tool Steel Gear 
and Pinion Co., Cincinnati, Ohio. These 
pinions had 14 teeth, 3 diametral pitch, 
5-in. face, 24-in. tapered bore for use 
on a No. 38-B Westinghouse motor 
armature shaft. Two of these pinions 
were installed on the motor drive of the 
bridge motion of the tilting tables of a 
structural mill, and the third was used 
on the ram of an ingot stripper. These 
pinions were inspected frequently for 
wear and at the end of six months, 
when no wear was apparent, more 
armature pinions were purchased. 
Although the record of the two pinions 
on the mill tables was lost, we know 
that the pinion on the stripper lasted 
six years, which is about ten times the 
life of a hard, forged pinion. From 
subsequent records of the tool steel 
products we find that this is a conserva- 
tive average life. 

As the manufacturer did not advise 
or recommend running tool steel pin- 
ions into tool steel gears, it was not 
until 12 years ago, that we tried doing 
this. By running a tool steel pinion 
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in mesh with the tool steel gear, we get 
still more service and reap the benefit 
of longer life of our large motor gears 
on our many important cranes and ma- 
chines. Such excellent results were ob- 
tained from our motor gears and 
pinions that for the past ten years we 
have been using tool steel pinions 
almost exclusively on the trolleys and 
bridges of 150 cranes. 

We have used certain special, heat- 
treated gears, also rolled-steel gears, 
and have found them to give much bet- 
ter service than cast-steel gears. We 
have tried a special hardening process 
on cast-tooth gears, cast in our (and 
other) foundries, but very poor results 
were obtained. This was probably due 
to lack of knowledge of how to correctly 
heat-treat the gears. The hardening 
was not altogether confined to the teeth, 
as intended, but got over the shrouds 
and the ends where it made machining 
impossible. Quite a number of castings 
were scrapped on this account. One 
14-tooth, 7i-in. face pinion, which was 
installed on a stripper, ruined the teeth 
of the rack in a few days.‘ The cause 
of this was hard, flinty, sharp spots on 
the teeth, the first evidence of which 
had been removed by grinding before 
the pinion was received. This, with the 
installation of two 17-tooth, 2-in. circu- 


lar pitch pinions on an open hearth fur- 


nace charging machine, which ruined 
the gear in a short time, ended our ex- 
periments with that special hardening 
of cast-tooth gears. 

On constant-speed motors we use 
common forged steel, tool steel, raw- 
hide, Fabroid, and Bakelite Micarta 
pinions. Where steel pinions must be 
used on account of heavy pulls and 
sudden shocks, tool steel is far superior 
and more economical than forged steel. 
Rawhide pinions are very good, and 
are noiseless, but have a higher initial 
cost and unless the spares are kept in a 
damp place they shrink very rapidly 
in diameter and loosen up in the rivets. 
A Bakelite Micarta pinion on a gear 
cutter in the electric machine shop has 
been in use for seven years and shows 
very little wear. A steel pinion on this 
application did not last a year and in 
addition was very noisy. 

Common, open-hearth cast-steel gears 
can be heated and shrunk onto shafts, 
giving a very tight fit for hard service, 
or they can be driven or pushed into 
place. Tool steel cannot be driven with- 
out injury, as the teeth of the pinions 
will be fractured and the webs of the 
gears may be cracked. As it cannot be 
heated except in boiling water, all tool 
steel pinions are ordered “push fit.” No 
extra care in lubrication is required. 

Rawhide pinions require perfect fit- 
ting on the shaft and key and are hard 
to remove after they have been in serv- 
ice for some time. Nothing should be 
used for their lubrication except a light 
coat of melted tallow occasionally. 
Fabroid absorbs oil which may get on 
it from adjacent gearing or due to care- 
lessness in oiling. Nothing should be 
used for lubrication of this type of 
pinion except dry graphite which should 
be rubbed on the teeth only infre- 
quently, when required. 

D. W. BLAKESLEE. 


Electrical Engineer. 
Jones & Laughlin Steel Corp. 
Pittsburgh. Pa. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 


Changing Phase and Voltage of 
Turbo-Generator 


LARGE industrial concern bought 
from a second-hand dealer a turbo- 
generator whose rating at the a.c. end 
was supposed to be 625 kva. 230 volts, 
60 cycles, three phase. However, when 
this machine was connected to the line 
it would not deliver its full rating and 
would become hot in spots. The manu- 
facturer of the machine was consulted 
and it was learned that the generator 
was originally rated at 625 kva., 450 
volts, 60 cycles, two phase. The wind- 
ing had 48 slots, 24 coils, one coil side 
per slot, being of the bar-and-end-con- 
nection type, back pitch 1l-and-14, front 
pitch 1-and-12. 
What the dealer had done to make it 
a three-phase machine was to cut out 
six coil bars and connect the machine 
two-parallel star. Eliminating the six 
bars or three coils caused heating and 
left 21 active coils in the machine or 
21 + 3 = 7 coils per phase. As this was 
a two-pole machine there were two 
groups per phase and the dealer had 
put three coils in one group and four 
in the next and then paralleled the two 
groups, which resulted in an unbal- 
anced condition, setting up circulating 
currents. To obtain proper results the 
six coil bars were put back into service 
and the following alterations made. 
The coil pitch was changed to 1-and-12, 
rear, and 1-and-10, front, the same end 
connection being used by springing 
them together for the shorter throw. 
The reasoning involved was as fol- 
lows: For the two-phase, 450-volt 
winding, the pitch was 1-and-14; then 
the voltage per phase for three phase 
equals (450 x 2 ~ 3) (0.955 = 0.905) 
= 316.56 volts for the line voltage of a 
series-delta connection. But only 230 
volts are required. If the stator were 
connected series-star the line voltage 
would be 316.56 X 1.73 = 547.65 volts and 
a two- parallel star connection would re- 
duce the voltage to 547.65 — 2 = 273.83 
which would still be too high and the 
chord factor would have to be reduced 
in this case to 230 273 = 0.843. The 
span is 180 deg.; full pitch equals 48 
slots + 2 poles = 24 and the chord factor 
at full pitch or 24 equals 100 per cen: 
which is also the sine of one-half the 
angle covered by the coil throw. Span 
at full pitch equals 180 24 = 7.5 deg. 
per slot and for a throw of 1l-and-14 it 
would be 13 x 7.5 or 97.5 deg. The sine 
of one-half of 97.5 deg. = 0.7509 or the 
chord factor at l-and-14. The 230-volt 
factor must equal 0.7509 x 0.843 = 0.6330 
which is the sine of 39.3 deg., or the coil 
throw angle equals 78.6 deg., and the 
coil pitch equals 78.6 = 7.5 = 10.5 slots. 


Now, when there is only one bar per 
slot the pitch has to be odd; that is, 
l-and-12, l-and-14, and so on. The 
l-and-10 pitch would be too short and 
the l-and-12 pitch would give a chord 
factor of 0.66; this is 0.66 ＋ 0.75 = 88 
per cent reduction, or the line voltage 
would be 273 x 0.88 = 240 volts, which 
is only 4 per cent high and will work 
all right. 

The machine was then reconnected 
two-parallel star, pitch l-and-12, using 
all 24 coils, eight coils per phase and 
four coils per pole-phase group, which 
worked satisfactorily. A. C. RoE. 
Wilkinsburg, Pa. 
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How to Make a Soldering Iron 
Heated by a Carbon Are 


OTH industrial and commercial 
electric repair shops have a large 
amount of soldering to do. 

Under these conditions the use of 
the ordinary soldering iron heated in 
a furnace or fire pot is rather costly 
and not altogether satisfactory, as time 
is lost in waiting for the irons to heat 
and frequent filing and tinning are 
necessary. Also, inasmuch as the irons 
cool off rapidly it is sometimes difficult 
to obtain a smooth soldering job, so that 
filing or scraping may be required. 

On the other hand, some types of 


This soldering iron will stand con- 
tinuous service and may be oper- 


ated at an almost negligible cost. 
It is connected in series with resistance 
to the 230-volt d.c. power supply and 
requires a current of 24 amp. The 
only materials required to make th's 
iron are a forged copper bit, a 4-in. 
arc carbon, a few pieces of strap iron, 
some copper wire leads and an 
asbestos board screen. 


Mica insulation q- 


electric soldering irons will not stand 
continuous operation when kept hot 
enough to do any volume of work. 

The soldering iron shown in the 
accompanying illustration has been 
used with good success for a number 
of years in one of the large steel works 
in Pittsburgh. The use made of it is 
mainly for soldering commutators in 
the armature repair shop. An unusual 
feature of this iron is that the solder- 
ing bit is heated by means of a carbon 
arc. This arc is held between a car- 
bon electrode and the copper bit itself. 
The carbon electrode is held in a handle 
in such a manner that it may be moved 
forward gradually as it is burned up. 
The soldering iron requires about 23 
amp. and is fed from a 230-volt, direct- 
current supply using enough resistance 
in series with it to hold the current at 
the value given. The cost of operation 
to the user when employed in a large 
industrial works, will be found to be 
almost nothing. 

The soldering bit is made of forged 
copper and is machined and drilled ac- 
cording to the dimensions shown on the 
accompanying sketch. It will be noticed 
that there are three 3-in. holes drilled 
in the rear end of the bit. These are 
tapped for machine screws. One lead 
from the power supply is fastened to 
the bit by means of a machine screw, 
as is shown in the illustration. A metal 
support made of strap iron and bent 
to form a handle is fastened to the 
copper bit by means of one of the other 
machine screws. The third machine 
screw is used for attaching a small 
strap iron clamp to which is fastened 
an asbestos board screen which en- 
closes the hollow end of the copper bit 
so that the eyes of the operator will 
be shielded from the arc while it is 
in use. 


F Are light carbon 


“Strap iron carbon holder 


~Asbestos board 


and tin surface 
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One end of a strap iron clamp is 
attached to the lead connected to the 
copper bit and the other end of the 
clamp holds the carbon electrode in 
the center of the bit, as shown. The 
second lead from the supply is attached 
to the strap iron clip. This clip is 
insulated from the first lead by means 
of mica insulation. The asbestos board 
screen has a hole drilled through it 
that fits around the carbon very loosely 
so that the latter may be gradually 

pushed forward as it is consumed by 
the arc. The two leads, together with 
the strap iron handle are all taped 
together so as to make a handle hav- 
ing sufficient strength and balance to 
give convenient operation. The carbon 
electrode is an ordinary 4-in. arc car- 
bon and is held in the clip with only 
enough friction to prevent any move- 
ment- while using the iron and yet 
permit a forward movement of the 
carbon when the iron is jarred slightly. 


Electrical Engineer, D. W. BLAKESLEE. 
Jones & Laughlin Steel Corp. 
Pittsburgh, Pa. 


How to Make 
Inexpensive Lathe for Banding 
Armatures 


HEN banding armatures it is 
common practice in repair shops 
to use a special banding lathe, or an 
ordinary lathe with special attach- 
ments. However, special armature- 
banding lathes are rather expensive for 
shops that do not have to band many 
armatures, while some of the make- 
shift devices that are sometimes used 
do not turn out a satisfactory job. 
The illustration shows a very satis- 
factory banding lathe that was made 
from an old worm-gear reduction, some 
structural steel shapes, and a few ma- 
chined parts. This lathe has an over- 
all length of 7 ft. 114 in., height 3 ft. 
104 in., and width 2 ft. 3 in. The cen- 
ter line of the armature to be banded 
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was fixed at 3 ft. 2 in. from the floor 
level. This height seems to give about 
the right working distance for any 
armature that the machine will handle. 
The machine will accommodate an 
armature whose shaft length does not 
exceed 5 ft. 8 in. or whose maximum 
diameter does not exceed 27 in. The 
armature should not weigh over 1,500 
Ib., although if the tail stock is kept 
close to either of the legs, a weight of 
500 lb. extra may be safely handled. 
Parts B, C and D, the legs, were 
made from 23-in. by 23-in. by zin. 
angles. Parts E, F, G and H, the hori- 
zontal supports for the tail stock and 
worm-gear reduction, were made from 
24-in. by 33-in. by §-in. angle iron. 
The braces L and M at the bottom 
may be made from any small angle 
iron, such as 14-in. by 14-in. by 4-in., 
as they do not bear any of the weight 
of the machine. The two longer legs, B 
and C, were made 2 ft. long while the 
length of the two shorter legs is gov- 


erned by the height of the gear redue- 


tion, as it is necessary to keep the 


center of the driveshaft on the gear 


reduction at the same height as the 
center of the tailstock screw. The 3- 
in. gusset plates shown as part A on 
the sketch are 6 in. by 6 if.. and were 
cut to fit the angles used. The legs of 
the angles B and C were turned in and 
the gusset plates placed between them 
and the horizontal members. The con- 
struction at the corners may be seen 
from the sketch. It will also be noted 
that the longer leg of the horizontal 
members is used vertically, so as to se- 
cure the greatest stiffness. 

The tailstock consists of six differ- 
ent pieces, exclusive of nuts, bolts and 
lockwashers. The sliding support J 
consists of an 8-in., 18 %-lb. channel 


This armature-banding lathe was 
made from an old worm gear re- 
duction, structural steel shapes and 
a few machined parts. 
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iron, drilled so that it may be bolted 
at various distances from the gear re- 
duction, to allow for variation in arma- 
ture shaft length. Upon it are bolted 
two L-shaped pieces, T, made of 3-in. 
by 6-in. steel bar. Block P, which car- 

ries the tailstock screw, is a block of 
steel 4 in. by 4 in. by 6 in. tapped for a 
13-in. standard machine bolt. It is 
also drilled and tapped for bolting to 
the two L-shaped pieces, T, which are 
in turn bolted to the sliding, channel- 
iron base. The tailstock screw itself is 
a 13-in. machine-bolt, 12 in. long 
tapered to a center point at one end 
and hardened. It is also equipped with 
a crank or handwheel for turning. It 
is necessary to have a setscrew, O, in 
the tailstock block, and this should be 
tightened whenever the machine is in 
use; otherwise the tailstock screw may 
turn when the machine is running 
which would either bend the armature 
shaft or wreck the machine. 

A channel, bolted between the two 
eross- members, supports one side of the 
worm-gear reduction while the other 
side is supported by the table angle. 
The channel may also form a support 
for one side of the motor base. 

All angles and other parts were 
bolted together, lockwashers being used 
In all cases. Holes should be dril'ed 
ty in. oversize unless unusual care is 
used in laying them out. Riveted con- 
struction is, of course, to be preferred, 
but bolted construction will give satis- 
factory results, provided the nuts are 
turned up tightly. The use of }-in. 
machine bolts is recommended for the 
construction of the framework, while 
in the tailstock assembly j-in. bolts 
may be used. 

The driveshaft on the gear reduction 
was turned down at one end and hard- 
ened. A keyway was also cut in the 
tapered end of this shaft, and a slotted 
faceplate such as is used on a lathe 
was keyed to it. When banding an 
armature a lathe dog is fastened to the 
shaft, the other end of the dog engag- 
ing in the slot in the faceplate. A 
3-hp. 1,760-r.p.m., d.c. motor is used 
on this machine, the speed being cut 
down by the gear reduction from 1,760 
r.p.m. to about 4 r.p.m. A double-pole, 
double throw, knife switch and starting 
rheostat were mounted on the machine 
by means of brackets. It is important 
that the starting rheostat and knife 


. Switch be placed within easy reach of 


the operator. All moving parts such 
as gears or live electrical parts should 
be guarded so that injury to the opera- 
tor is impossible, 

_ At the present time the banding wire 
is placed on a reel near the machine 
and tension is secured by running the 
wire through two pieces of fiber 
clamped upon a horizontal member of 
the machine at the point where the 
banding is to be done. In winding 
brake coils or other coils in which insu- 
lated wire is used, the wire reel is 
placed a short distance behind the ma- 
chine on a rack. The desired tension 
is secured by hanging a steel wire with 
weights on each end in the grooves 
on the reel. The tension may be 
changed by varying the weights. 

The advantages of this lathe are low 
cost and greater durability and utility 
than are found in ordinary makeshifts. 
Toronto, Ohio. HERBERT KING. 
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New Equipment 


for plant operation and maintenance 


ndustrial plant executives concerned with the selection and 
22 07 mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Covered Plug Fuse Cutouts 


N ORDER to meet the demand of 
1 localities which now require 
the use of dead-front cutouts in place 
of the old style, in which the terminals 
are exposed, the 
Trumbull Elec- 
tric Mfg. Co., 
Plainville, Conn., 
is listing a new 
two- and four- 
circuit, covered 
cutout to meet 
these require- 
ments. The for- 
mer is shown in 
the accompany- 
ing illustration. 
Covers for these 
cutouts are 
made of steel, 
which are backed by an insulating plate 
with test holes, which permit testing 
without removing the covers. The test 
holes are well insulated and in plain 
sight. The cutouts may be wired for 
single fusing with two- or three-wire 
mains, or for double fusing with two- 
wire mains. It is stated that the screws 
cannot fall out when the covers are 
removed for wiring and when the units 
are arranged in gangs, the screws hold 
the covers together, which insures pres- 
sure connections for grounding pur- 
poses. The grooves shown in the side 
are for the meter connections. The con- 
nection to ground is easily determined 
by location and color. Because the 
covers extend over the contact ter- 
minals, which are recessed in the porce- 
lain, it is claimed that no barriers are 
required. This type of cutout is made 
in the 30-amp., 125-volt size. 
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Elevating Platform Truck 


NNOUNCEMENT is made of a 

new elevating platform truck, 
designated as the Yale K 23 E, by the 
Yale & Towne Manufacturing Co., 
Stamford, Conn. This truck is de- 
signed primarily for heavy loads. Al- 
though this machine is not of the high- 
lift type, such as the Yale K 22, it does 
embody the self-loading feature. The 
short turning radius and the narrow 
width of this machine are said to make 
it easy to drive in and out of box cars 
or narrow aisles. Hardened steel 
steering pivots with bronze bushings 
and the high-pressure lubricating sys- 
tem reduce friction and make steering 
easy, it is stated, even when carrying 
a full load. 

The triple spur- gear elevating 
mechanism consists essentially of the 
same unit as is used in the K 22 truck, 
making the major replacement parts 
interchangeable between models. The 


elevating platform is raised by means 
of two large eccentrics mounted on the 
hoist unit shaft, which draw the plat- 
form forward and upward on the plat- 
form links. The majority of parts, 
units and sub-assemblies of this truck 
are standard and interchangeable with 
those of all other models in the K 
series manufactured by the company. 


Synchronous Motor Control 


VELOPMENT of a_ completely 

self-contained, oil-immersed auto- 
matic starter for 2,300-volt synchronous 
motors has bgen announced by the Elec- 
tric Controller & Manufacturing Co., 
Cleveland, Ohio. This unit is built for 
across-the-line starting of slow-speed 
motors, and for reduced voltage start- 
ing of the higher-speed motors. The 
illustration shows a_reduced-voltage 
type starter. The full-voltage equip- 
ment for starting slow-speed motors is 
of similar appearance except that the 


height is reduced. It is stated that in. 


each case the operator simply pushes 
a button to start the motor and as the 
motor approaches synchronous speed, 
the ag excitation is automatically ap- 
plied. 

According to the manufacturer’s de- 
scription, the reduced-voltage starter 
consists of a welded boiler-plate tank 
which contains an automatic, double- 
throw switching mechanism, a power 
transformer for providing starting volt- 
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age, potential transformers for provid- 
ing 220 volts for operating the master 
switch and the current-limit transition 
relay, which connects the motor to full 
voltage when it has been accelerated to 
about 85 per cent of synchronous speed. 

A dustproof steel cabinet on the out- 
side of the tank encloses a field switch- 
ing mechanism, field discharge resistor, 
timing relay and d.c. field ammeter. 
This cabinet may also contain an auto- 
matic starter for operating a magnetic 
clutch. The full-voltage starter is of 
similar construction except that the 
starting auto-transformers are omitted. 

This equipment is said to be complete 
in a single unit and makes possible 
floor-mounting of all equipment re- 
quired for starting synchronous motors. 


Thermal Relay 


HE “Inducto-therm” relay, which 
can be adapted to a wide range of 
horsepowers without changing the ther- 
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or 
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mal element, has been placed on the 
market by the Allen-Bradley Co., 286 
Greenfield Ave., Milwaukee, Wis. The 
company is using this relay as the 
protective unit on some of its standard 
a. c. switches and starters. The type 
J-1552 across-the-line starting switches 
are now available with this new relay 
incorporated in them. 

The operation, referring to the ac- 
companying sketch, is as follows: The 
motor current flowing through the 
magnetizing coil, 6, creates a pulsating 
magnetic flux in the core, 2, and this 
flux induces eddy currents in the ther- 
mal element shown at 8, by transformer 
action. 

If the current flowing through the 
relay exceeds a predetermined maxi- 
mum, the magnetic flux in the core 
becomes sufficiently dense to heat the 
copper thermal element 3 sufficiently to 
melt the solder which holds the ratchet 
wheel 4. The ratchet wheel then turns 
and opens the relay contacts. 

As soon as the motor current is in- 
terrupted the thermal element cools 
and the solder automatically sets and 
holds the ratchet wheel ready to repeat 
its performance. The relav contacts 
must be reset by hand after the ratchet 
wheel has again become fixed. The 
contact mechanism is maintained in a 
closed position by the reset lever 5, 
which engages the ratchet wheel. 

The magnetic core is adjustable and 
can be raised or lowered according to 
the scale so as to vary the current at 
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which the relay will trip. The relay 
can be adjusted over a range of from 
1 hp. to 5 hp. for a given voltage, and 
all intermediate horsepower ratings 
can be obtained without changing the 
thermal element. The same type of re- 
lay can be used on larger horsepower 
ratings of controllers with the same 
degree of flexibility. 
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Portable Saw Table 


ARKETING of the. Wonder port- 

able saw table for use with either 

cut-off or rip saws is announced by the 

St. Louis Machine Tool Company, 1429 
Pine St., St. Louis, Mo. 

The portable saw unit that is shown 
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Primary Resistor Starter 


EVERSING primary resistor 

Starters for squirrel-cage induc- 
tion motors have been announced by 
the General Electric Co., Schenectady, 
N. Y. Two three-pole line contactors 
are provided with this starter, which 
is designated by the style number 
CR-7055-A-1. 

These contactors are electrically 
and mechanically interlocked and are 
mounted back-to-back on the panel. A 
magnetic time interlock provides a pre- 
determined definite time of from one to 
three seconds between the closing of 
the line contactor and the accelerat- 
ing contactor. 

Two-point starting is provided by a 
resistor designed to confirm to Electric 


Power Club classification No. 16. A 


in the accompanying illustration is 
operated by a 1-hp., ball-bearing, 1,750- 
r. p. m. motor. This motor is of the 
semi- enclosed type and can be furnished 
for operation on either direct current 
or single-phase alternating current at 
110, 220, or 440 volts, 60 cycles. If 
desired, a 1-hp., 1,750-r.p.m., 1-cylinder, 
4-cycle gasoline engine may be sup- 
plied in place of the motor. 

The table top is made of cast iron, 
while the frame is constructed of angle 
irons bolted together. The motor or 
gasoline engine is bolted to a jackshaft 
which, in turn, is belted to the saw 
through an idler pulley. The entire 
saw unit is pivoted at the base around 
the center line of the jackshaft and by 
means of a foot-controlled lever the 
saw is swung through an arc and thus 
advanced through the work which is 
held stationary. 


Brass Cups for Traffic Markers 


ARKERS for aisles and traffic 

lanes in industrial plants, as well 
as for street service, have been devel- 
oped recently by the Bridgeport Brass 
Co., Bridgeport, Conn. These consist of 
round brass cups which are driven into 
the floor or pavement or set into new 
floors and pavements. These traffic 
markers are made in two diameters, 3 
in. for pedestrian markings and 43 in. 
in diameter for heavy traffic lines. The 
manufacturer states that these are 
highly visible, easily inserted and re- 
quire no upkeep. They may be inserted 
in asphalt, macadam, wood block, 
Amasite, Warrentite, new concrete work 
and other similar materials. 


temperature overload relay with an ex- 
ternal resetting mechanism furnishes 
overload protection. The inclosing 
case is of sheet metal, semi-ventilated, 
and is provided with feet for wall 
mounting. When mounted, the panel 
occupies a position at right angles to 
the wall. Doors are provided at back 
and front. 


Ball-Bearing Hanger Box 


DOPTION of the Fafnir bearing as 

an incorporated part of its own 
line of transmission equipment has been 
officially announced by the T. B. Wood’s 
Sons Co., Chambersburg, Pa. Fafnir 
ball bearings have been used in “U.G.” 
hanger boxes, Wood’s loose pulleys and 
friction clutches for many years, but 
they are now adopted as a standard 
part of the entire Wood line of power 
transmission equipment. The most re- 
cent addition has been the Wood-Fafnir 
hanger box which is shown in the ac- 
companying illustration. The housings 
are made in several styles with bosses 
designed to suit the different types of 
hanger frames that are of standard 
manufacture. 

The manufacturer states that plain or 
babbitted bearing boxes can be re- 
placed without removing the present 
hanger frames and that the Wood- 
Fafnir ball-bearing hanger box needs 
no adjustment when mounting on the 
shaft as it is necessary simply to slide 
the box and the two locking collars to 
place on the shaft and into the frame, 
then draw up the frame bolts and 
tighten the collars. It is also stated 
that the hanger box is dustproof and 
leakproof. Lubricant is 
through two tapped holes which are 
fitted with standard pipe plugs and, 


>» 


supplied 
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according to the manufacturer, lubrica- 
tion is generally necessary only twice 
a year. 

It is the purpose of this company to 
make not only ball-bearing hanger 
boxes, but also ball-bearing post 
hangers, pillow blocks, loose pulleys, 
and friction clutches: in fact, a com- 
plete line of ball-bearing- equipped 
transmission machinery. 


Automatic Refrigerating Unit , 


1 American Engineering Co., 
Philadelphia, Pa., announce an im- 
proved, self-contained, automatic, 2-ton 
refrigerating unit as an addition to the 
Juruick line. This unit, which is shown 


in the accompanying illustration, is es- 
pecially designed for automatic opera- 
tion and includes a motor, compressor, 
condenser, and ammonia storage tank 
compactly mounted on one base and 
provided with all necessary controls. 
A 3- to 5vhp. motor is provided, ac- 
cording to conditions. This unit may 
be used for factory lunch rooms, circu- 
lating water systems, or other indus- 
trial applications within its capacity. 


Light-Weight Welding Torch 


OR work not requiring the usual 

standard torch, The Alexander 
Milburn Co., Baltimore, Md., has per- 
fected a small, type J-Jr., light-weight 
welding torch. This is said to be a 
sturdy, compact torch giving a high 
degree of efficiency and economy. The 
torch uses the same tips as are supplied 
with the standard larger torches and, 
according to the manufacturer, is adapt- 
able to all classes of welding. It uses 
low and approximately equal pressures 
of oxygen and acetylene. 

The J-Jr. torch is adapted to gas 
supplied either from generators or com- 
pressed in tanks. The torch is made of 
bronze forgings and drawn stainless 
tubing. It is said to be simple in con- 
struction, with all parts easily accessible 
and the head set at an angle of 674 
deg. 

The manufacturer states that this 
torch is well balanced, is easily manip- 
ulated and will not tire the operator. 
The J-Jr. is 18 in. long, weighs 25 oz., 
and is furnished with three welding tips 
adaptable to a wide range of welding. 
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Trade Literature 


you should know about 


Copies of literature which is described 
to the manufacturer whose name and address 
It is always advisable to state the name and 
desired, as given in these columns. 


obtained by writing 
are mentioned. 
number of bulletin or catalog 


Tape A number of circulars describe 
each of the various types of tape for 
different uses put out by this company. 
he Okonite Co., Inc., Passaic, N. J. 


Water Softener— Bulletin 509 illus- 
trates and describes the Graver Zeolite 
water softener.—Graver Corp., East 
Chicago, Ind. 


Grounding Condulets—Folder 39 and 
bulletin 2089 illustrate and describe the 
Crouse-Hinds condulets for grounding 
service wires in conduit systems.— 
Crouse-Hinds Co., Syracuse, N. X. 


Balancing Device Treatise No. 2 dis- 
cusses the Gisholt method of balancing 
armature shafts, pulleys, crankshafts 
for gas engines and numerous other 
high-speed rotating parts.—Gisholt 
Machine Co., Madison, Wis. 


Slate—A circular, which is accom- 
panied by a sample, discusses the mer- 
its claimed for Monson slate in elec- 
trical, chemical and structural uses.— 
The Monson Maine Slate Co., 112 Water 
St., Boston, Mass. 


Fire Extinguishers—A circular de- 
scribes the Rego Fire Stopper which is 
a portable, non-liquid fire extinguisher 
said to be particularly adapted for pro- 
tection against fires in oils and flam- 
mable liquids.— The Bastian-Blessing 
Co., Chicago, III. 


Acetylene Generator A circular an- 
nounces a reduction in prices on all 
sizes of Smith’s automatic acetylene 
generators in portable and stationary 
types. — Smith Welding Equipment 
Corp., 2633 4th St., S. E., Minneapolis, 
Minn. 


Welding Rods—A 24- page booklet 
entitled, Effect of Surface Materials 
on Steel Welding Rods,” stresses the 
advantages of Weldite welding rods 
for gas and electric welding. Chicago 
Steel & Wire Co., 103d St. and Tor- 
rence Ave., Chicago, III. 


Motor Control—A series of bulletins 
entitled “Mill Motor Gossip” describes 
in an interesting manner the lines of 
new equipment brought out by this com- 
pany and the work they will do. The 
description is brought out in an imagi- 
nary conversation carried on between 
the various mill motors.—The Clarke 
Controller Co., 1146 E. 152d St., 
Cleveland, Ohio. 


Static Condensers—Leaflet 20,286 dis- 
cusses the application, construction 
and installation features of static con- 
densers for power factor correction on 
motor circuits of 220, 440 and 550 volts. 
A table gives the corrective kva. for 
various ratings of three-phase, 60-cycle, 
type, CS squirrel-cage induction motors 
ranging from 4 to 200 hp.—Westing- 
house Electric & Mfg. Co., East Pitts- 
burgh, Pa. ` 


on this page can be 


Watt-Hour Meters—Bulletin 71 con- 
tains instructions for the installation, 
operation and maintenance of the San- 
gamo type D-5 watt-hour meter.— 
Sangamo Electric Co., Springfield, III. 


Centrifugal Oil Purifier—A six-page 
circular describes the De Laval method, 
of purifying transformer and switch 
oil.—The De Laval Separator Co., 165 
Broadway, New York, N. Y. 


Car Spotter—A circular describes 
the Caldwell vertical-capstan car spot- 
ter which is made in two sizes operated 
by 5-hp. and 10-hp. motors and with 
capacities up to three or six cars re- 
spectively.—H. W. Caldwell & Son Co., 
1700 S. Western Ave., Chicago, Ill. 


Compression Clutch—Bulletin 35 de- 
scribes the Conway compression clutch 
which is made as a clutch, clutch 
coupling and clutch pulley for trans- 


‘mission work as well as for machine 


application—The Conway Clutch Co., 
1935 W. Sixth St., Cincinnati, Ohio. 


Conveyors—A circular describes the 
Stearns carriers, idler pulleys, and re- 
turn rollers for belt conveyors and their 
methods of lubrication, as well as the 
Holotile storage bin for coal and other 
loose material.—The Stearns Conveyor 
Co., E. 200th St. and St. Claire Ave., 


Cleveland, Ohio. 


Graphic Meter— Bulletin 525 de- 
scribes and illustrates the equipment, 
operation and application of the Ester- 
line-Angus quick-trip graphic meter 
which speeds up the drive automatically 
whenever trouble occurs and automat- 
ically returns to normal speed at the 
end of the disturbance.—The Esterline- 
Angus Co., Indianapolis, Ind. 


Wire Rope—The May issue of “The 
Yellow Strand,” a monthly house organ, 
celebrates the occasion of the 50th an- 
niversary of this company, giving its 
history, a description of the plant and 
numerous illustrations of applications 
of Yellow Strand wire rope.—Broderick 
& Bascom Rope Co., 801-809 N. First 
St., St. Louis, Mo. 


Refractory Gun—A circular describes 
the use of a Quigley refractory gun for 
making quick repairs in the mainte- 
nance of furnace linings, as well as for 
industrial plastering and stuccoing.— 
Quigley Furnace Specialties Co., Inc., 
26 Cortlandt St., New York, N. Y. 


Motors — Circular GEA-6 describes 
the G.E. squirrel-cage motors of the 
500 series. Circular GEA-71 describes 
the types MT and MQ wound-rotor 
induction motors of the 900 series for 
constant or adjustable varying speed. 
Circular GEA-246 describes the general- 
purpose synchronous motor of the 7500 
series.—General Electrice Co., Schenec- 
tady, N. Y. 
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Diesel Engine—Bulletin 707 describes 
the Foos type L Diesel engine units 
which are made with two to eight cylin- 
ders, with a power range of 50 to 475 
hp., and in speeds up to 900 r.p.m.—The 
Foos Gas Engine Co., Springfield, Ohio. 


Magnetic Brake—Bulletin 102 de- 
scribes the Clark Three-C magnetic 
brake for use with series or shunt- 
wound direct-current motors on cranes 
and similar applications—The Clark 
Controller Co., 1146 E. 152nd St., Cleve- 
land, Ohio. 


Oil Engine—A 32-page catalog illus- 
trates and describes the application, 
construction and operation of the 
Ingersoll-Rand type PO direct-ignition 
oil engine—Ingersoll Rand Co., 11 
Broadway, New York, N. Y. 


Portable Recording Instruments— 
Bulletin GEA-304 describes the con- 
struction and operation of type CP-4 
and CP-5 portable recording instru- 
ments for direct and alternating cur- 


rent.—General Electric Co., Schenec- 
tady, N. Y. 
Conveying Equipment—A circular 


describes some of the screw and bucket 
conveyors manufactured by this con- 
cern and gives particular attention to 
the lubricated gear countershaft box 
end for helicoid and sectional flight 
screw conveyors.—H. W. Caldwell & 
Sons Co., 1700 South Western Ave., 
Chicago, III. 


Tramrail Systems—An_ eight-page 
circular describes and illustrates the 
use of Cleveland hand and electric tram- 
rail systems for handling waste paper 
in bales in storage and in paper mills. 
Another circular describes applications 
of similar equipment in rubber mills.— 
The Cleveland Electric Tramrail Divi- 
sion of The Cleveland Crane & Engi- 
neering Co., Wickliffe, Ohio. 


Portable Power Shear—A circular 
describes the Unishear which is a 
motor-operated, portable shear for cut- 
ting flat sheets up to 14 gage steel and 
12 gage soft metal at a speed of 15 
f.p.m. This shear may be used on 
either straight or irregular cutting of 
gaskets of any material, as well as 
sheet metal for guards or ducts.—The 
Unishear Co., Inc., 170 5th Ave., New 
York, N. Y. N 


Pneumatic Tools Catalog 15 de- 
scribes the complete line of Thor pneu- 
matic drills, hammers, chisels, hoists 
and other tools, together with instruc- 
tions for their maintenance.—Independ- 
ent Pneumatic Tool Co., 600 W. Jackson 
Blvd., Chicago, III. 


Inserts—A circular describes a type 
of Truscon insert for placing in con- 
crete forms before pouring, to provide a 
means of attaching fixtures, such as 
sprinkler systems, plumbing and heat- 
ing equipment, and suspending shaft- 
hangers, tramrails and other equipment 
from the ceiling.—Truscon Steel Co., 
Youngstown, Ohio. 


Fuswitches and Disconnecting 
Switches—Bulletin 501 gives a complete 
description of the Matthews equipment 
in various ratings, discusses safety fac- 
tor, rupturing capacity, flashover, con- 
struction, and other important details. 
W. N. Matthews Corp., 3718 Forest 
Park Blvd., St. Louis, Mo. 
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Layout of Distribution System 


and Power Drives in a Small F actory 


HIS article gives the details of 
/ the new power drive installa- 
tion in a factory using 188 
motors. The wiring layout is 
described, following which is a dis- 
cussion of the types of motors se- 
lected, kind of control required, and 
the arrangements provided for con- 
necting the motors to the machines 
driven by them. 


LECTRIFICATION of the candy 

factory of Croft & Allen, Inc., 
presented a number of interesting 
problems. In the first place, their 
old plant at Philadelphia, which was 
originally steam driven and later 
had the lineshafts cut into sections 


By J. L. MERRILL 
Consulting Engineer, Philadelphia, Pa. 


driven by 115-volt d.c. motors, was 
to be discontinued and the same 
candy-making equipment was to be 
moved to their new plant at Bethle- 
hem, Pa. In the new location all of 
the machines were to be individually 
driven by motors. The new plant 
was a one-story building, being a 
radical departure from the accepted 
type of modern, candy-making plants. 
This in itself involved the working 
out of quite a few new ideas. The 
building at Bethlehem had originally 
been erected and equipped as a 
printing plant, and was wired for 


These chocolate chasers were formerly driven by a 
steam engine through a lineshaft and bevel gears. 


The lineshaft was removed and the 
outboard bearing on each chaser 
discarded. A worm 
gear De Laval speed 
reducer was mount- 
ed on the foun- 
dation formerly 
carrying the 
bearing 
for the 
bevel 
gears 
for each 
chaser. 


Se p 


two-wire, 220-volt, direct-current, 
power service. Inasmuch as it was 
desired to use three-phase, alternat- 
ing current motors changing of 
the wiring presented several inter- 
esting problems. In addition, the 
changing over from group drive to 
individual drive developed several 
interesting angles in the selection of 
the proper method for connecting the 
motors to their driven machines. An 
interesting result of the change from 
group to individual drive was that 
the total horsepower installed was 


394 


considerably less than was the case 
with the old group drives. There 
were several good reasons for this, 
however. 

The building at Bethlehem, Pa., 
was of the brick and steel type ar- 
ranged as shown in the diagram on 
this page. Inasmuch as it was in- 
tended for operation as a printing 
plant, the power wiring was for 
two-wire, 220-volt, direct-current 
service. In this installation power 
was purchased at 13,000 volts, three 
phase, and transformed to 250 volts, 
direct-current, by means of trans- 
formers and rotary converters. The 
power for lighting was stepped down 
to 115-230 volts by means of a 100- 
kva. transformer. 

The old distribution switchboard 
was located in the center wing of the 
building, as shown at H in the dia- 
gram on this page, and consisted of 
four panels, one a.c. lighting panel 
having circuits to the various light- 
ing distribution cabinets and three 
d.c. panels having two power circuits 
on each, or a total of six power cir- 
cuits. These six power circuits ter- 
minated in six power distribution 
panels located in cabinets. Four of 
the power distribution panels are 
in the main building, about half way 
from the center to the wing at either 
end on each side of the building, as 
shown at A, B, C and D of the dia- 
gram. A fifth circuit runs directly 
to F which is located in the section 
built out from the center of the main 
building opposite the machine shop. 
In this section are the office and two 
wings, one now used for a restaurant 
and rest room, and the other for the 
printing shop and box storage, as is 
shown in the diagram. The sixth 
circuit runs to E as shown in 
the diagram, and serves the 
machine shop. The circuits 
running to A, B, C and D are 
composed of two 500,000-circ. 

mil cables each, while the cir- 
cuit to E in the machine shop 
is composed of two No. 6 
cables, and the circuit to F is 
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composed of two No. 0000 cables. 

The conduit arrangement was very 
simple indeed. Five 4-in. conduits 
were taken from the trench back of 
the main switchboard at H to pull 
boxes located just inside of the wall 
of the main building, as shown at G 
in the diagram. These pull boxes 
were filled with pothead compound 
so as to insure their being kept dry 
and free from dust. Two of the con- 
duits were then carried either way 


in the floor along the wall to the dis-. 


tribution cabinets halfway down the 
room, at B and at D. The remain- 
ing three conduits were carried di- 
rectly across the room to pull boxes 
on the opposite wall as at J in the 
diagram. From this point conduits 
were carried each way along the 
walls to A and C, at which the power 
distribution cabinets are located. The 
remaining conduit was carried to F, 
to a power distribution cabinet sup- 
plying that wing of the building. The 
conduit run to the sixth power dis- 
tribution cabinet at E was a separate 
run from the switchboard trench 
direct to the distribution cabinet in 
the machine shop. 

Each power distribution cabinet 
controls four circuits, which are 
carried in conduits in the floor at the 
foot of the walls of the building. For 
example, the power distribution cabi- 


The power distribution layout in 
this plant is very flexible. 


There are six feeders running to dis- 
tribution cabinets as shown. From 
each of these cabinets four circuits are 
run along the wall so as to enable 
extensions to be' quickly run to any 
location. Junction boxes were located 
every 15 ft. from which extensions are 
carried up the wall to a fuse box, 
thence to the controller, and then to 
the individual motor. 


Printing Shop 
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net at B has two circuits running 
each way along the wall from it. On 
each of these circuits were placed 
three or four junction boxes at the 
floor level, which are spaced 15 ft. 
apart. From each of these junction 
boxes a circuit was run up the wall 
to a fuse box after which the circuit 
goes to the control for the indi- 
vidual motors on that circuit. 

In the illustration on page 395 is 
shown four control cabinets sur- 
rounding a fuse box. A conduit can 
be seen running from the fuse box 
in the center to the floor. At this 
point in the floor is one of the junc- 
tion boxes just mentioned. These 
junction boxes are made of iron with 
a heavy iron cover and are filled 
with pothead.compound. The cover 
is supposed to be made water tight 
by the use of rubber gaskets and al- 
though these were not used in every 
case, the pothead compound is re- 
lied upon to keep the moisture en- 
tirely out of the box. From the fuse 
box shown in this illustration the 
circuits are carried to the four mag- 
netic controllers that are mounted in 
the sheet-iron cabinets, and from 
these controllers conduits go down 
the wall and through the floor to the 
individual motors. 

Inasmuch as practically all of the 
drives are constant speed it was de- 
cided that it would be preferable to 
use a three-phase, alternating-cur- 
rent, power supply instead of the 
220-volt, direct-current supply that 
the wiring in the building was 
originally laid out for. By draw- 
ing a third wire into each of the 


circuits that have been described in 


the foregoing, the wiring could be 

changed for use on 220-volt, three- 
phase, alternating - current, 
power supply. 

The direct- current cables 
were in good condition and 
also the 4-in. conduits were 
large enough to accommodate 
a third cable. Consequently, 
a third cable of the same size 

as the other two in the circuits 
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running to the four panels in the 
main building, that is, circuits to the 
distribution cabinets, A, B, C and D, 
was pulled in. Also a third wire 
was pulled in for the circuit running 
to the distribution cabinet at E in 
the machine shop. Three-wire dis- 
tribution panels were substituted for 
the two-wire panels in the steel cab- 
inets at A, B, C, and D of the main 
building. The small panel in the ma- 
chine shop at E was easily changed 
from two-wire, four-circuit, to a 
three-wire, two-circuit panel. 

All of the distribution panels ex- 
cept that in the office wing were well 
located for the present purposes. It 
was not definitely known what the 
machinery layout was to be when the 
installation was started so the 
branch eircuits running from the 
distribution centers were equipped 
with the extra wire only as they 
were required. It soon developed 
that the concentration of load at the 
center of the building was beyond 
the capacity of the existing circuits, 
so the four-circuit, 500-amp., two- 
wire panel in the office wing at F 
was changed to a two-circuit, 400- 
amp., three-wire panel, and installed 
on this circuit at the first pull box 
in the main building, that is, at G. 
This gave plenty of capacity at the 
center of the building, which was 
the point at which trouble was 
expected. : 

It was also necessary to change 
the main switchboard from two-wire, 
d.c. panels, to three-wire, a.c. panels. 
Three new panels were substituted 
for the three panels formerly used. 

There are 188 motors in the plant, 
giving a total connected load of 550 
hp. The largest motors in the plant 
are two 50-hp., synchronous motors 


Individual motor drive greatly sim- 
plified the control of these chocolate 
chasers. 


Push button stations controlling the 
across-the-line starters shown in the 
center background, give quick con- 


trol of the machines. The center 
cabinet is the fuse box and surround- 
ing it are four across-the-line starters 
for the double squirrel cage motors 
driving the chasers. On the floor 
directly beneath the fuse box is a 
junction box that connects with one 
of the power distribution cabinets 
shown in the layout on page 394. 


which drive ammonia compressors, 
and one 20-hp., wound-rotor induc- 
tion motor which gives variable 
speed on a fan drive. A great many 
fractional horsepower motors are 
used. In fact the average horse- 
power obtained by dividing 550 hp. 
by 188 is slightly under 3 hp. With 
the exception of the two synchronous 
motors, the 20-hp., wound- rotor mo- 
tor and four, 5-hp., wound- rotor mo- 
tors, all of the motors are of the 
squirrel cage type. It was necessary 
that new motors be purchased, for 
the motors in the old plant were 
suited only for a 115-volt, direct cur- 
rent supply, while the power supply 
at the new plant is 220 volts, three 
phase alternating current. 

In order to avoid the use of com- 
pensators and to take care of the ex- 
tremely high starting torque re- 
quired by a great many of the ma- 
chines, practically all motors of 5 hp. 
and larger are of the double squirrel- 
cage or FTR type manufactured by 
the General Electric Co. Where a 
very high starting torque was re- 
quired on some of the 8 hp. drives the 
type FTR motors were also used. 
The experience obtained on these 
drives using FTR motors for heavy 
duty service would have justified 
their use in a great many of the ap- 
plications where only 1- and 2-hp. 
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motors were required. However at 
the time of purchasing these motors 
the small sizes of motors of this 
type could not be obtained. 

The type FTR motor is a double 
squirrel cage motor that can be 
thrown directly across the line with- 
out reduced voltage obtained by 
means of a compensator or starting 
resistance. It has a starting torque . 
of 250 per cent with a maximum 
running torque of 200 per cent of 
full-load torque. The motors there- 
fore come up to speed quickly with 
peak current values of short dura- 
tion. The starting current is within 
the N.E.L.A. rules without the use 
of a compensator or primary re- 
sistance starter. This motor is in 
general suitable for applications re- 
quiring a constant speed and high 
starting or accelerating torque. It 
is thrown directly across the line 
and therefore the control for it is 
very simple. The control may be 
either automatic, push-button con- 
trol, or semi-automatic control. 

All of the type FTR motors in use 
in this plant have a synchronous 
speed of 1,200 r.p.m. Motors of this 
speed were used so as to keep the 
power factor and efficiency as high 
as possible. For the smaller drives, 
that is those requiring motors of 
3 hp. and less, the type KT, General 
Electric motor was used. The ma- 
jority of these had a speed of 1,200 
r.p.m., although a few had a syn- 
chronous speed of 1,800 r. p.m. On 
certain operations it was necessary 
to have variable speed and on these 
drives type M, General Electric, 
wound-rotor motors were used. The 
control for these provided for 50 per 
cent speed reduction, the standard 
manually - operated, resistance - type 
starter being used. 

On account of using the double 
squirrel cage motors the control for 
the various drives was greatly sim- 
plified. Across-the-line starters are 
used for all of the squirrel cage 
motors. On the motors below 3 hp. 
in capacity the type CR 7005 starter 
was used while the motors above 
3 hp. use the type CR 7006 starter, 
both types being manufactured by 
the General Electric Co. These two 
starters consist of a three-pole mag- 
netic contactor equipped with mo- 
mentary contact, push button sta- 
tions, and undervoltage protection. 
Aside from the difference in capacity, 
the two types differed in that one 
has a thermal overload cutout while 
the other has a resetting circuit 
breaker. The starters are enclosed 
in steel cabinets and are arranged 
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on the wall as shown in the illustra- 
tion on page 395. In this manner 
the contactor panels were assembled 
along the walls where the fuse cut- 
outs were located. These locations 
are comparatively free from the 
sticky dust characteristic of a candy 
factory. The push button stations 
are located at the machines thereby 
giving quick control of the opera- 
tion of the machine. The control but- 
tons are small and do not take up 
valuable space or get out of order 
easily. 

On the smallest motors, including 
the fractional- horsepower motors, 
snap switches were used to a great 
extent. The control for the wound- 
rotor motors is of necessity special 
in that variable speeds are involved. 
Likewise, special controllers were re- 
quired for the 50-hp., synchronous 
motors. On the chocolate chasers 
special three-point push button sta- 
tions were used as shown in the 
illustration on page 395. These push 
buttons provide a start button, a 
jog button, and a stop button. 
About ten of these push buttons 
were used altogether. 

As was explained previously, the 
candy making equipment used in 
this factory was taken from the old 
plant at Philadelphia. The old plant 
was originally engine driven from a 
series of lineshafts on the different 
floors. Later in its history the line 
shafts were cut up into sections and 
group drive, 115-volt motors were 
used. At the time of transition from 
the old plant to the new plant, which 
was also the time of changing from 
group drive to individual drive, quite 
a few tests were made to determine 
the size of motors as far as possible 
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and primarily to determine the total 
power that would be required from 
the public service company. Tests 
in the old plant in Philadelphia in- 
dicated that a considerable portion 
of the load was lineshaft losses. Be- 
cause the only power tests that could 
be made in the old plant were on the 
motors driving the lineshaft operat- 
ing various machines, the power 
actually used by the machines indi- 
vidually could not always be de- 
termined very satisfactorily. Also 
the mechanical condition of some of 
the older machines was very poor. 
Cast-iron bearings seemed to prevail 
and most of them were badly worn. 
As a matter of fact after the final 
installation of new motors had 
been made in the new plant, it was 
found that 375 hp. of individual 
motors was carrying the load for- 
merly handled by 603 hp. in group 
drive motors. On account of the 
condition of the old equipment it 
was impossible to use gears or 
couplings to connect the motors to 
the drives. It was decided that silent 
chains or roller chains would be 
the best solution of the power drive 
problem, in changing to individual 
drive. Putting the chains in over- 
size would lengthen their life if the 
machines were properly motored on 


Silent chains are used for con- 
necting most of the motors to their 
driven machines. 


Inasmuch as all of the equipment was 
originally arranged for driving from a 
steam-engine-driven lineshaft, it was 
rather difficult to obtain motor speeds 
suitable for connecting motors directly 
to the machines. Also, in many cases 
mounting the motors so as to couple 
directly was sometimes difficult. Use 
of silent and roller chains provided a 
very flexible arrangement for connect- 
ing these machines for individual drive. 
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the first trial, and also they would 
not have to be changed if the motor 
size had to be increased. 

In general individual drive was 
used throughout the plant. How- 
ever it was found that some of the 
cooking kettles and polishing pans 
would require such a low speed that 
a double reduction would be neces- 
sary. Further investigation showed 
that these drives could be very con- 
veniently grouped. A double reduc- 
tion chain drive was used, the high 
speed reduction being made by means 
of a silent chain and the low speed 
by arollerchain. Where these groups 
are used, the countershaft is car- 
ried underneath the frame work 
supporting the kettles or pans, and 
the resulting drive is simpler and 
more compact than individual double 
reduction drives would have been. 

A few back-geared motors were 
used with roller chains from the 
slow-speed shaft to the machine. 
However, it was found that a double 
chain or standard, silent gear reduc- 
tion or speed reducer was somewhat 
less expensive and very much more 
satisfactory than the back-geared 
motors originally thought necessary. 
Hence the first lot of these which in- 
cluded three 3-hp., and four 14-hp. 
motors were the only ones used. 

The illustration on this page shows 
a typical installation of chain drives. 
At this point it might be stated that 
all of the silent chains are of Link- 
Belt manufacture. This illustration 
shows a Mogul and Depositor. The 
Depositor is driven by a 13-hp., 
1,200-r.p.m. motor through a chain 
drive. This motor is on the floor at 
the left of the illustration. The 
Mogul is driven by a I-hp., 1,800- 
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r.p.m. motor mounted on top of the 
machine as shown at the right of the 
illustration. The shaft that carries 
the silent chain gear on the Depositor 
formerly carried a tight and loose 
pulley with a belt shifting mechanism 
operated by a lever on the opposite 
side of the machine. The Mogul was 
formerly controlled by another belt- 
shifting mechanism which was oper- 
ated by the Mogul tender on signal 
from the operator at the Depositor. 
Both motors are now controlled to- 
gether or individually by means of 
push button stations located at the 
operator’s, station on the opposite 
side of the Depositor from the motor 
which drives it. Only one man is 
required to control the two motors. 
Provision is also made for one or 
more emergency stop buttons which 
are within convenient reach of any 
other tenders of the Mogul. 

The only places where belts are 
used in the plant are on a fan in the 
machine shop, and on the chocolate 
enrobers, where the standard drives 
furnished by the manufacturer of 
the machines are used. 

Worm gear speed reducers made 
by the De Laval Company are used 
for obtaining the proper speed. The 
speed reducers are connected to 
their motors by Lipe flexible coupl- 
ings. These couplings have had con- 
siderable effect in relieving the shock 
of the quick start on these drives. 
These drives are 
page 393. These chasers were orig- 
inally driven from a countershaft, 
and the pedestal for the outboard 
bearings for the shaft carrying the 
bevel pinion and the tight and loose 
pulleys was not removed. This out- 
board bearing pedestal may be noted 
on the outside of the bedplate carry- 
ing the De Laval speed reducer. The 
reduction in the worm gear speed 
reducer, is from 1,140 r.p.m. to 90 
r. p.m. The illustration on page 395 
shows the control used on the chasers. 
A push button control station is lo- 
cated right at the chaser, as is shown 
in the center of the illustration, and 
magnetic across-the-line starters are 
mounted at the wall. This layout 
of control is typical of that used 
throughout the plant. The two con- 
trollers at the left of the illustration 
control the motors driving the two 
chasers shown in this illustration. 
The two push button stations on the 
chaser at the right form the control 
point for these two chaser motors. 

The lighting circuits which were 
originally laid out for three-wire, 
220-110 volt, alternating-current, did 
not have to be changed. The power 
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is obtained from the present power 
transformers. The 110-volt tap on 
one of the present transformers is 
brought out to provide the center 
wire of the three-wire system. 

The engineers of the local public 
service company went over the old 
plant in Philadelphia and estimated 
that the new plant would use about 
45,000 kw.-hr. per month on a mini- 
mum demand of 200 kw. However, 
tests in the old plant indicated that 
a considerable portion of the load 
was due to lineshaft losses and the 
power company was induced to re- 
duce the minimum of the preliminary 
contract to 100 kw. with the promise 
that if at the end of the construction 
period this was found to be excessive 
it would be further reduced. Until 
the hot weather set in this summer, 
the peak did not exceed 64 kw., but 
since then it has reached 121 kw. 
Consequently the original contract 
will not be changed. It should be 
noted that the peak is caused by the 
compressors supplying refrigeration. 
In the Philadelphia plant, these com- 
pressors were steam driven and 
hence were not included in the 
original estimate. 


Arc Welding Reduces Steel 
Required in Buildings 


RECTION of two structural 

steel buildings that will un- 
doubtedly make steel history, has 
been announced by the Westing- 
house Electric & Mfg. Co. The 
structural steel in both of these 
buildings will be arc-welded through- 
out instead of riveted. 

The two proposed structures in- 
clude a one-story building to be used 
as an engineering laboratory in the 
East Pittsburgh Works and a five- 
story, mill-type building to be used in 
the manufacture of transformers in 
the Sharon Works. 

The five-story building at Sharon 
will, when completed, be the largest 
arc-welded or rivetless building in 
the world, and is said to be the first 
application of arc-welding to the 
building of multiple-storied struc- 
tures. It will be the first building 
in the world with all joints and mem- 
bers designed for arc-welding. It is 
a radical departure from previous 
practice in that practically none of 
the members could be joined except 
by arc-welding. The one-story East 
Pittsburgh structure is unusual, in 
that it is being erected partly of 
scrap roof trusses. 

Arc-welding as applied to the erec- 
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tion of structural steel has been in 
process of development by Westing- 
house engineers co-operating with 
the American Bridge Company for 
some time, during which tests con- 
ducted in the Carnegie Institute lab- 
oratories have developed the fact 
that arc-welded joints are stronger 
than riveted joints and are, in fact, 
stronger and more resistive to 
pressure and stresses than the ad- 
jacent beams. It was also found 
that the saving in steel effected in 
arc-welded structures was consider- 
able, not only because of the elim- 
ination of the thousands of plates 
and angles now necessary in riveted 
buildings, but also because lighter 
beams could be used, thus making the 
entire structure weigh less. In 
riveted construction, the size of the 
beams is frequently determined by 
the strength required of the riveted 
joint rather than of the members 
joined. In the Sharon building, in 
which approximately 700 tons of 
steel will be used, there are 100 tons 
less steel than would be necessary if 
the structure were to be riveted. 
This alone means a saving of about 
12 per cent in steel cost. A consider- 
able benefit to be derived from arc- 
welded structures also lies in the 
elimination of the noisy riveting 
hammer, whose nerve-wracking 
noises now herald the erection of all 
steel structures. 

In the steel fabricating mill, the 
arc-welded members will entail a de- 
cided change in the process of as- 
sembly. The present system in- 
cludes the design of thousands of 
angles and bracing plates, all of 
which, together with the beams, are 
laid out and punched, before being 
delivered to the riveting gangs for 
assembly. With the new process, the 
work will be laid out on the floor 
where the arc-welder will supplant a 
gang of riveters. 

The new process means a return 
to days of long past in structural 
steel history, when nearly all of the 
men in the shop had to have prac- 
tical knowledge and skill in the 
fabrication of steel members. It 
will mean a thorough knowledge of 
the assembly of steel members from 
beginning to end. Arc-welding jobs 
must be laid out on the floor, which 
will eliminate a number of processes 
now used, by which the steel mem- 
bers are delivered to the shop 
workers, already punched and fitted. 
The assembly process in arc welding 
will undoubtedly require a higher 
average type of workman and more 
technical supervision. 
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Step-by-step operations in 


Erecting and Aligning a 
Lineshaft Drive 


erection and aligning of a line- 

shaft vary according to the 
building construction, as was pointed 
out in a previous article entitled, 
“Groundwork Necessary Before 
Erecting a Lineshaft,“ which ap- 
peared on page 519 in the Novem- 
ber, 1925, issue of INDUSTRIAL EN- 
GINEER. This previous article dis- 
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cussed some of the general problems 


encountered in such work and gave 
particular attention to the special 
difficulties incidental to the construc- 
tion of the building. It covered 
merely the work necessary in the 
supporting of the hangers, and did 
not take into any account the method 
of installing and aligning the shaft. 

The procedure in installing a 
shaft which is of considerable length 
is so extensive as to be difficult to 
explain and show in detail in a single 
illustration. 
presented some very interesting fea- 
tures and problems, and also was 


A recent job, however, 


By GEORGE TRIMM 
Millwright Superintendent, Chicago 
Pulley & Shafting Co., 
Chicago, Ill. 
small enough so that it can be shown 
complete in a single view and to 
permit of a discussion of the various 
steps involved. A larger job, which 
involves several lengths of lineshaft- 
ing would be erected in exactly the 
same manner and would be a repeti- 
tion of the steps explained in connec- 
tion with this installation. Follow- 
ing the discussion of the problems 
incidental to this installation, other 
features commonly met in such work, 
will be considered in a later article. 

This installation is an addition to 
the buffing department of a plant 
specializing in electroplating and 
was erected on the top floor of a mill- 
constructed mill. One of the most 
difficult features connected with this 
installation lay in the fact that the 
room had a sloping ceiling. 

The millwrighting consisted of in- 
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This is the last step in lining up 
a lineshaft. 


The method of taking care of the con- 


struction problems incidental to a 
sloping ceiling, by using hangers of 
different sizes and blocking as neces- 
sary, is described at length in the ac- 
companying article. After the ball 
bearings were put in the hanger boxes 
and placed in position in the hangers, 
the shaft was leveled with a level 
having a V-base, by adjusting the 
vertical screws in the four-point ad- 
justable hanger. A line was then 
stretched parallel to the shaft and 
fastened to targets (which, in this case, 
consist of boards nailed to the ceiling 
joists). The line is fastened to a tar- 
get at one end and the target at the 
other end, which is held by a single 
nail, is then adjusted so that the dis- 
tance from the line to the shaft is the 
same at each end before the second 
target is nailed securely. The final 
step in aligning is to see that this dis- 
tance from the line to the shaft is the 
same at all hangers, and then tighten 
up the side-adjusting screws. e 
shaft is then checked over both with 
the level and with the rule. 


stalling one 24-ft. section of 2 f- in. 
lineshaft, six ball-bearing, loose- 
pulley countershafts, six buffing 
wheels and the erection of a platform 
for supporting the motor, together 
with the necessary pulleys and belts. 
The installation of the exhaust pipe 
and branches, together with the ex- 
haust fan and necessary wiring, will 
not be covered in this article. 
Practically always the first step in 
any similar millwrighting job is the 
installation of the lineshaft because 
all other equipment is aligned from 
the shaft. A mill-constructed build- 
ing, as explained in the previous 
article, is usually the easiest type of 


September, 1926 


construction for erecting the neces- 
sary groundwork, providing the 
structure is substantial enough to 
hold the shaft and the groundwork 
rigidly. In this case the roof struc- 
ture is very substantial and as the 
shaft was to be placed close to a 
wall, its alignment would not be 
likely to be affected by a snow load 
on the roof, as might be the case if 
the lineshaft were placed nearer the 
center of the joist span. 

In erecting the groundwork for the 
shaft the sloping roof offered two 
obvious methods of construction. I 
am a firm believer that the best 
method of supporting lineshaft 
hangers in mill-constructed buildings 
is to attach them to a pair of hori- 
zontal stringers extending in the 
same direction as the shaft. One 
method of doing this would be to 
build staging from the ceiling struc- 
ture and attach the stringers to it. 
This procedure would have made the 
stringers practically level and all 
shaft hangers could have been of the 
same dimensions. However, this 
method would have required consid- 
- erably more structure; also, as the 
ceiling drop in the length of the shaft 
is about 12 in., this type of structure 
would have been somewhat more diffi- 
cult to brace securely than the type 
of construction chosen. On the 
whole, this method would have been 
more expensive, although a small 
amount would have been saved in the 
cost of the hangers in that all hang- 
ers would have been of uniform 
size. 

The method of support shown in 
the illustration on page 398, which 
consists in attaching the stringers 
to the joists by means of §-in. by 
6-in. lagscrews gives a footing for 
the hangers which, I believe, is as 
substantial as the building, in that it 
is subject only to misalignment 
which may be due to movement of 
the joists or ceiling. These footings 
were made of pieces of 3-in. by 8-in. 
yellow pine and were lagscrewed 
directly to the joists. In places where 
the joists were uneven thin blocks 
‘were placed under the stringers so 
that they lie in practically a straight 
line, instead of being pulled up or 
pushed down by tightening up 
against uneven joists. 

The first step, however, was to lay 
out roughly the location of the 
various machines to get the approxi- 
mate location of the countershaft, 
and from this the position of the 
pulleys on the shaft, so that no 
hangers would be placed where they 
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Partial List of Materials 
and Equipment Used 


24 ft. 2 3/16-in. turned line- 
shaft 

1 14/16-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hanger | 

1 18/20-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hanger 

3 22/24-in., Chicago, No. 4, 
four-point adjustable, medium- 
duty, drop hangers 

6 SKF double-race, industrial- 
type, medium-duty, self-aligning 
ball bearings 

6 Chicago special hanger 
boxes for SKF ball bearings - 

1 32-in. by 8-in. Oneida steel 
split pulley 

6 28-in. by 10-in. Oneida wood 
split pulley without crown 

2 18 -in. collars with set 


screws 
6 Daggett ball-bearing loose 
pulley countershafts 
209 ft. 4-in. Allen, Supertan 
waterproof, single leather belt 


57 ft. 8-in. Alexander double 
leather belt (17 ft. on exhauster 
drive) 

2 pkgs. No. 5 Clipper belt 
fasteners 

1 20-hp., 800-r.p.m., 230-volt, 
compound-wound, General Elec- 
tric, d.c. motor 

1 25-hp., 1,150-r.p.m., 230-volt, 
Western Electric d.c. motor (for 
exhauster) 

1 8-in. by 10-in. Rockwood 
motor pulley 

1 6-in. by 10-in. Rockwood 
motor pulley (on exhauster 
drive) 

1 American Blower Co. 60- 
in. exhaust fan 

2 Trumbull Type C, two-pole, 
100-amp. safety switches 

2 Cutler-Hammer motor. 
starters 

1 Cyclone separator 

12 Galvanized-iron exhaust 
hoods with 5-in. pipe connection 

1 Galvanized-iron main ex- 
haust pipe varying from 8 in. to 
26 in. in diameter and 90 ft. 
long with 20 5-in. inlets (only 
12 are now in use) 


would interfere with the operation 
of a pulley. Also, it is good practice 
to place all pulleys, wherever pos- 
sible, so that they are the width of 
the belt from a hanger. The reason 
for this is that if the belts should 
slip off the pulleys there is less 
danger of their getting caught if 
pulleys and hangers are not too 
close together. For the same reason 
pulleys should not be too close 
together. 

The diameters of the pulleys deter- 
mine the distance of the shaft from 
the wall. In this instance it was 
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necessary to take into consideration 
the location of a pipe line and the 
building pilaster which projected 
about 6 in. from the wall into the 
room between the third and fourth 
hangers from one end, as may be 
seen in the illustration. The pulleys 
driving the ball-bearing, loose-pulley 
countershaft are 28 in. in diameter 
and the main driving pulley is 32 in. 
in diameter. The required distance 
was, therefore, the radius of 16 in., 
plus the thickness of the belt, plus a 
minimum safe allowance of 3 in. be- 
tween the pulley and the wall, plus 
the 6-in. pilaster, which gives a 
total distance from the wall of ap- 
proximately 25 or 26 in. a 

The next step was to measure o 
on the ceiling this distance of 26 in. 
from the wall to determine the loca- 
tion of the two ends of the center 
line of the groundwork. A line 
stretched between these two points 
should lie directly above the lineshaft 
when it is put in. This line, which 
should be of heavy cord that does not 
stretch, can be supported from spikes 
driven into the joists at each end. 
The distance of the center of the 
stringers from this line is equal to 
one-half of the distance between the 
centers of the slotted bolt holes in 
the feet of the hangers. In this case 
hangers of three different dimen- 
sions were used. This distance was 
chosen to fit the feet on the middle- 
sized hanger. 

The stringers were then lined up 
from this tight line to the center of 
the stringer or, as it is easier to 
measure from the edge of the 
stringer, half of the width of the 
stringer was subtracted, which gave 
the distance to the inside edge of the 
stringer. 

The next step was to erect the five 
hangers, which were spaced about 
5 ft. 8 in. apart. Although the 
standard spacing for shaft hangers 
is 8 ft. it was considered advisable 
here to put the hangers closer to- 
gether because the heavy pull of the 
motor and buffers, particularly when 
starting, came from one side of the 
shaft. The shaft was permitted to 
extend from each end. hanger, par- 
ticularly at the end nearest the 
camera where it may be necessary 
later to add another piece of shaft- 
ing. To make it unnecessary to do 
a great deal of blocking or staging 
beneath the feet of the various 
hangers on account of the sloping 
ceiling, hangers of three different 
drops were used. The first hanger, 
counting from the end next the 
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camera, has a 14/16-in. drop, the 
second hanger an 18/20-in. drop and 
the other three hangers have a 
22/24-in. drop. These drops took 
care of the sloping ceiling very well 
and blocking was required under the 
feet of the last two hangers only. 

The first hanger was then posi- 
tioned. The bolt holes for this 
hanger were located and centered up 
by measuring from the edge of the 
stringers, although if these had not 
been so accurately placed it would 
have been necessary to measure 
from the line that was already 
stretched between the stringers to 
get the center of the bolt slot in the 
feet. 

The overhead line between the 
stringers was then taken down and 
stretched on a level with the side- 
adjusting screws of this first hanger. 
This was a leveling line and was used 
to indicate the level of the center of 
the openings on all hangers. This 
line was drawn taut and fastened to 
boards or targets nailed to the joists 
and extending down from the ceiling. 
This line was leveled up with a line 
level, which is a very light spirit 
level with hooks at the ends for at- 
taching to the line. This line must 
be level, but it is not necessary to 
have it absolutely parallel with the 
shaft, although it is best to have it 
approximately so. 

The amount of blocking necessary 
under each hanger was determined 
by measuring up from this line to the 
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stringer. The necessary blocking 
was cut off and nailed to the stringer 
before the hole was bored for the 
ġ-in. bolt supporting the feet. As 
the stringers sloped with the ceiling 
it was necessary to place wedges 
either between the feet and the 
blocking or the blocking and the 
stringers so that the hangers would 
stand vertical, as determined by a 
plumb bob. The last hanger re- 
quired the most blocking and necessi- 
tated using 10-in. bolts. This con- 
is much more 
substuntial, I believe, than would 
have been the case if the blocking 
had been placed beneath the stringer. 

If the pitch of the ceiling had been 
much greater it would have been 
necessary to place staging under the 
stringers. Where the ceiling is 
level, and the stringers are also level 


This shows the same lineshaft as 
in the other illustration, but after 
the entire job was completed. 


This section of lineshaft was installed 
to drive six buffing machines through 
ball-bearing loose pulleys. The motor 
platform is constructed of 3-in. by 8-in. 
yellow pine planks bolted together. The 
8-in. leather motor belt is cemented 
endless. The other belts are 4-in. single 
leather and are joined by Clipper No. 
5 belt laces. The galvanized exhaust 
pipe is riveted and soldered at the 
joints. The exhaust fan, which is con- 
nected to its motor drive by an 8-in. 
double leather belt, is located at the 
other end of the room and the cyclone 
exhauster is on the roof. This exhaust 
line is supported by strap and angle 
irons. <A protecting platform js built 
over it on an angle-iron framework. 
One section of this framework was re- 
moved when this photograph was 
taken. 
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hangers of one size can be used and 
the construction work would have 
been much more simple. In such a 
case, the two end hangers should be 
erected first and the hanger at one 
end lowered as necessary until their 
centers are level with the line. The 
remaining hangers can then be 
placed in position with their side- 
adjusting screws aligned from this 
line. 

After the hangers were in posi- 
tion the next step was to place the 
lineshaft and bearings. The line- 
shaft was slipped in from the end 
hanger. In this operation care must 
be taken to see that the shaft is not 
scratched or bent in handling. A 
little care in the handling of a 
length of shaft to prevent bending it 
will save much time, labor and 
trouble later. This is a point upon 
which too much emphasis cannot be 
placed. It is of little use to put a 
bent shaft into position and expect 
to force it into alignment by tighten- 
ing up on the adjusting screws. Also, 
it is far easier to prevent the shaft 
from becoming bent than it is to 
straighten it afterward. 

If solid pulleys had been used it 
would have been necessary to place 
these on the shaft before erecting 
and to put the latter in position by 
opening the drops on the hangers and 
raising the shaft up from the floor 
into position, afterward replacing 
the drops. With solid pulleys also, 
care must be exercised to see that 
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the ball bearings are placed in posi- 
tion between the pulleys when they 
are so located, before installing the 
pulley; otherwise it must be removed 
to install them. 

After the lineshaft was placed in 
the hangers, the next step was to file 
the sharp edge around the circum- 
ference of the shaft at each end so 
that the bearings would slip on more 
easily. SKF medium-duty, indus- 
trial-type, double-race, self-adjusting 
bearings were fitted into a ball-type 
hanger box made especially for these 
bearings and the medium-duty, four- 
point adjustable, Chicago No. 4, 
cast-iron drop hangers. The hanger 
box shell and the bearings were 
slipped over the ends of the shaft 
separately. When the shell and ball 
races were approximately at the 
location of the hanger, they were 
fitted together, packed with grease, 
tightened up, and the cover screwed 
on. The collars, which fit at the ends 
of the shaft inside the hangers, 
should not be forgotten and so make 
it necessary to remove the bearings 
to insert them. 

The boxes were then positioned in 
the hanger yokes and tightened up 
by means of the adjusting screws. 
The final tightening process should 
continue all the way along the shaft, 
instead of working only at one 
hanger until it is completely finished. 
When these adjusting screws began 
to tighten, the shaft was checked by 
means of a level and positioned by 
shifting the vertical adjusting 
screws. 

The shaft was then ready for side 
adjustment and the line was re- 
positioned. Where the line is in a 
convenient location and practically 
level with the shaft, it is merely 
necessary to shift it at one end or 
the other until the distance from the 
line to the shaft is exactly the same 
at each end. The line is in this posi- 
tion in the illustration shown on 
page 398. It is best for one in- 
dividual to make the measurements 
at both ends, because two people can 
easily read the rule a fraction of an 
inch differently. The other mill- 
wrights can then take their readings 
and work independently at other 
bearings. 

The side adjustments were made 
by tightening or loosening the side 
screws on the hangers until the 
measurements from the line to the 
shaft were exactly the same at all 
bearings. The shaft was again 
checked for level and all adjusting 
screws were gone over again for a 
final tightening. When all screws 
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have been tightened, a final check 
should again be made with the level 
and the rule. By this time a shaft 
fitted with ball bearings should turn 
freely and easily by hand. If it does 
not, it is probably bent. 

While the scaffolding was in posi- 
tion, the pulleys were next placed on 
the shaft in approximate position but 
not tightened up, so that they could 
be shifted easily. Oneida wood split 
pulleys, 28 in. by 10 in., without 
crowns because of the shifting belt, 
were used on the lineshaft to drive 
the buffer countershafts. The 
groundwork for the countershafts 
was then placed in position and lined 
up by measuring over from the 
stringers which support the line- 
shaft. This groundwork consisted of 
pieces of 3-in. by 6-in. by 16-ft. yel- 
low pine. One end of each Daggett 
ball-bearing, loose-pulley counter- 
shaft was blocked up on account of 
the pitch of the ceiling so that its 
shaft is level. These were lined up 
by measuring with a steel tape from 
the lineshaft to each end of the 
countershaft. 

The six buffing wheels are placed 
in two rows, back-to-back, so that 
three of the countershafts are driven 
by crossed belts. The 28-in. by 10-in. 
pulleys on the lineshaft drive the 
countershafts with 4-in. belts on 8-in. 
by 5-in. tight pulleys. The main 
drive pulleys on the countershafts are 
16-in. by 5-in. and drive down to the 
pulleys on the buffers through 4-in, 
belts. The lineshaft is operated at 
about 200 r.p.m. and the buffing 
wheels at about 2,300 r.p.m. 

Three of the buffing wheels have 
Timken roller bearings and the 
other three, ball bearings. The buf- 
fing machines are fastened to the 
floor by lagscrews which extend 
through the floor and into the 
joists. To be sure that these lag- 
screws would screw into the joist 
properly, it was necessary to go to 
the floor below and measure the cen- 
ter distances of the various joists 
from the end of the building. If it 
had been necessary to place these 
buffers where they could not have 
been lagged to these joists, they 
could have been bolted to a short 
stringer placed crosswise against the 
ceiling between joists on the floor 
below. This would have provided a 
substantial mounting. The shafts of 
these buffers were aligned by eye 
and with each other as it is not 
essential that they be absolutely 
parallel with the lineshaft. 

The exhaust hoods and main ex- 
haust pipe were placed between the 
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two rows of buffers, and a platform 
resting on angle-iron supports was 
built over them for protection, as 
may be seen from the illustration 
on page. 400. 

The method of constructing the 
platform for supporting the motor is 
also interesting. This is a 25-hp., 
230-volt, 800-r.p.m., Type RC, com- 
pound - wound, General Electric 
direct-current motor. This installa- 
tion is located in the older downtown 
section of Chicago where direct cur- 
rent is supplied by the Common- 
wealth Edison Company, from which 
power is purchased. The motor is 
controlled through a two-pole, 100- 
amp. Type C Trumbull safety switch 
and a Cutler-Hammer. starter. The 
8-in. by 10-in. Rockwood pulley on 
the motor is connected by an 8-in. 
Alexander, first - quality, double 
leather belt to an Oneida 32-in. by 
8-in. steel split pulley on the line- 
shaft, on approximately 16-ft. 
centers. 

The motor platform was also made 
of 3-in. by 8-in. planks, the same as 
was used for the stringers. The ends 
of the planks rest on similar string- 
ers laid on the floor. The tops of 
the vertical support were bolted to 
the ceiling joists. As an additional 
support to resist the pull of the 
motor belt another 8-in. by 8-in. 
stringer was fastened to the brick 
wall by expansion shells and the 
platform bolted to this. In addition 
to the uprights which are placed on 
each side of the motor platform an 
additional pair of short uprights 
support the platform in the center. 

The base of this platform meas- 
ures 6 ft. by 4 ft. and is 7 ft. above 
the floor. This gives ample head- 
room under the belt. The workers 
are also protected by a sheet-metal 
guard reinforced with angle iron, 
which extends from the platform 
over to the lineshaft pulley. A sheet- 
steel canopy extends across this 
platform above the motor for fire 
protection. Also, the platform is 
covered with galvanized iron which 
is bent up at the edge to form a 
drip pan entirely around the motor. 

The 4-in. waterproof single belts 
from the lineshaft to the loose pul- 
leys and from the tight pulley down 
to the buffers were joined by No. 5 
Clipper belt lacing. These belts 
were measured by running a steel 
tape around the two pulleyg and cut 
with an allowance of fl in. per foot 
in length to give the proper tension 
and allow for stretch. The motor 
belt was connected endless, after it 
was installed, by using belt clamps. 
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Using Automatic 
Switching Equipment 
in industrial plants to reduce substation operating 


costs and secure better protection against break- 
‘downs and damage to the substation equipment 


URING the past year there 
D has been a marked advance in 
the application of automatic 
switching equipment in all lines of 
power consumption. Among machine 
equipments there was a noticeable 
trend toward the use of single units 
instead of multiple-unit stations, 
thus indicating a growing apprecia- 
tion of the application principles of 
automatic equipment. However, sev- 
eral double-unit stations, with the 
second machine arranged to start 
following an overload on the first, 
were placed in operation. 
Automatically-operated synchro- 
nous converters and motor-gen- 
erator sets are helping to solve the 
problems of power supply at the 
mines. An installation typical of 
those in mine service is shown in 
Fig. 2. The principal devices for the 
control of this type of converter are 
the main oil circuit breaker, starting 
and running contactors, a small, 
field-flashing motor-generator set, a 
brush-operating mechanism and vari- 
ous small contactors and relays for 
directing the several operations once 
the master element is closed, giving 
the starting indication. 


By F. E. JAQUAY 
Switchboard Dept., General Electric 
Company, Schenectady, N. F. 

Since there are, in most instances, 
workmen present in the vicinity of 
mining substations, automatic start- 
ing by means of a time clock is often 
omitted. In such cases the initial 
impulse is given by actuating the 
master element either locally or from 
a remote point. The station shown 
is started by an attendant actuating 
the master element locally. The 
sequence thereafter is entirely auto- 
matic, the first action to take place 
being the closing of the master con- 
tactor and then the starting contac- 
tor, which connects the converter to 
starting taps on the power trans- 
former. The converter field is 
flashed following the indication of 
synchronous speed by the synchro- 
nous speed device. Correct polarity 
being established, the machine is 
made self-excited and then connected 
to full running voltage. The brushes 
are then lowered on the commutator 
and the machine is ready to carry 
load. The feeder is connected to the 
machine automatically and when 
the machine is once placed in service 
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Fig. I— This automatic switching 
equipment is located in a small 
steel mill substation. 

It controls two 100-kw., 275-volt, 
squirrel-cage motor- generator sets. 
which supply power to the plant office 
building of the McKinney Steel Co. at 
Cleveland, Ohio. 


it will function without further 
attention. 

The usual protective devices are 
included in this equipment for the 
machine and feeder and function in 
case of reverse power, overheated 
bearings, overheated machine wind- 
ings, incomplete starting, a.c. and 
d.c. overcurrent. 

The McKinney Steel Company is 
using automatic equipment exten- 
sively in coal mining and steel mill 
operations. One of their substations 
located at Wolf Pit, Ky., contains a 
200-kw., 250/275-volt, synchronous 
motor-generator set and two stub 
multiple d.c. reclosing feeders. An 
interior view of the station is shown 
in Fig. 3. 

Some special features used in the 
control equipment for this station 
are of interest. The usual com- 
pensator tap starting method is em- 
ployed, the motor in each case being 


connected to the 4,000-volt, incoming 


line through disconnecting switches 
and choke coils. Each of the remote 
and local master elements used for 
starting, functions through a relay 
which interposes a time delay before 
the master contactor closes. A line 
contactor is provided in the gener- 
ator circuit to connect the machine 
to the 250/275-volt, d.c. bus to which 
the two stub-multiple feeders are 
connected. 

On this equipment the relay which 
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usually trips the line breaker in case 
of an incomplete starting sequence 
is connected to energize an auxiliary 


. hand react relay which in turn inter- 


rupts the master control circuit. A 
complete shutting down operation, 
therefore, takes place on starting 
failure the same as though the main 
a.c. line were opened directly. 

Bearing in mind the features just 
described the starting operation con- 
sists only of closing either one of 
the master elements. The protec- 
tive devices being in their correct 
positions, the master control circuit 
is completed after a time delay. The 
unit then starts by the closing of an 
oil-immersed contactor which con- 
nects the motor to the line through a 
compensator. As soon as sufficient 
speed is obtained, the running con- 
tactor closes and the starting con- 
tactor drops out, leaving the motor 
connected to full a.c. voltage. When 
the generator voltage is slightly 
above the bus voltage, the main line 
contactor connects the generator to 
the bus. Each of the feeders is then 
connected to the bus automatically. 

The Hillman Coal and Coke Com- 
pany is now installing automatic 
equipment at Jerome, Pa., to control 
a 275-volt, 300-kw., synchronous 
motor-generator set to operate in 
combination with a stub-multiple 
feeder. This equipment is practi- 
cally the same as that previously 
described for the McKinney Steel 
Company except that it is of greater 
capacity. Starting is accomplished 
directly and without time delay by 
closing the master element. In case 
of an incomplete starting sequence 
the main oil circuit breaker opens to 
cause a shutdown. This breaker 
must be closed manually before a 
new start can be made. 
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The steel industry is likewise 
turning to automatic switching 
equipment for the solution of cer- 
tain operating problems. An inter- 
esting steel mill equipment was pur- 
chased during the past year by the 
Youngstown Sheet and Tube Com- 
pany. It consists of two separate, 
automatic switching equipments for 
two, 275-volt, 1,000-kw., motor-gen- 
erator sets, together with the latest 
design of feeders and type MC-2 
breakers. 

In order that the functioning of 
this equipment may be better under- 
stood, a description of its operation 
will be given. The principal steps in 
starting a unit and connecting it to 
the d.c. bus are as follows: 

(1) If three-phase voltage of 
normal value is indicated and all pro- 
tective devices are reset, the unit 
may be started by the attendant 
operating a pull button switch at a 
remote point. Starting can also be 
accomplished locally if desired. From 
this point the sequence is entirely 
automatic. 

(2) The machine starts and comes 
up to synchronous speed by the ap- 
plication through reactors of low 
voltage to the synchronous motor. 
At the same time the voltage regu- 
lator motor-generator set starts and 
the negative main line breaker is 
closed. 

(3) A few seconds after synchro- 
nous speed is reached. the voltage of 
the generator having built up to 
approximately 65 per cent of normal 
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Fig. 2— Here is an automatically- 
controlled, rotary converter sub- 
station in mine service. 


The rotary converter controlled by this 
automatic switching equipment is 


rated at 300 kw., 275 volts, direct cur- 
rent. 


above. 
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and the polarity being correct. field 
is applied to the synchronous motor. 

(4) When the motor field is ap- 
proximately one-half its normal 
value, the reactors are shunted and 
the motor connected directly to full 
voltage. 

(5) As soon as the voltage regu- 
lating equipment has adjusted the 
generator voltage so that it is ap- 
proximately equal to that of the bus, 
the positive d.c. line breaker is closed 
and the generator is connected to 
the bus. 

(6) The machine then carries load 
until it is shut down manually, by 
the operation of some protective de- 
vice, or is temporarily disconnected 
from the d.c. bus due to abnormal 
line conditions. 

The Dennison Manufacturing Com- 
pany, Framingham, Mass., has re- 
cently put in an installation which 
consists of two 250- volt, synchronous 
converters of 330-kw. capacity, oper- 
ating on purchased energy of 13,200 
volts stepped down through power 
transformers. The automatic con- 
trol panels are mounted under a gal- 
lery with the machines directly 
The starting and running 
contactors are mounted on a separate 
panel adjacent to the balance of the 
control devices. Figs. 5 and 6 show 
the general layout of this installa- 
tion. Each machine is provided with 
a brush-raising mechanism and ar- 
ranged to start by closing the d.c. 
line breaker. When the machines 
are ready to carry load they func- 
tion in parallel with steam-engine- 
driven units, a feature which par- 
ticularly emphasizes the flexibility of 
automatic control. Since other 
equipment in the station requires an 
attendant, straight automatic start- 
ing is not used, although it was pro- 
vided for. | 

Protection is arranged for such 
irregularities in operation as a.c. 
undervoltage, overheated machine 
windings, field failure, wrong brush . 
position, underspeed, a.c. or d.c. 
overload, overheated bearings, over- 
speed, d.c. reverse power, and single- 
phase starting and running. An 
interlocking circuit between the two 
units prevents, starting both at the 
same time. 

The procedure in starting a con- 
verter is as follows: With the dis- 
connecting switches and oil circuit 
breaker between the high-tension 
supply and the power transformer 
closed, control power is made avail- 
able for starting. The attendant 
then closes the hand-operated, single- 
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pole circuit breaker in the positive 
side of the converter, thereby 
energizing the undervoltage relay. 
This device, in combination with 
another relay, completes the master 
control: circuit. 

From this point the starting 
sequence proceeds until the con- 
verter is connected to full a.c. volt- 
age through the operation of the 
starting and running contactors, the 
field having been flashed in the 
meantime from a small motor-gen- 
erator set. The brushes are lowered 
on the commutator and the attend- 
ant, after checking the bus and ma- 
chine voltages, proceeds to connect 
the converter to the 250-volt station 
bus. A main line contactor, however, 
will hold the machine off the bus 
until the converter voltage is slightly 
above that of the bus. The closing 
of the main contactor still leaves re- 
sistors in series with the converter 
to give overload protection. Normal 
load conditions being present, these 
resistors are each shunted in turn 
and the machine then takes its share 
of the load. 

If, at any time during operation, 
an overload condition arises, d.c. 
overload relays cut the load-limiting 
resistors into the circuit. Thermal 
relays mounted above the resistors 
will operate to cause a shutdown if 
the overload is carried too long. 
Since there is an operator in the sta- 
tion, a gong has been provided to 
warn him of an overloaded condition 
on the machine. Hence, a shifting 
of the load may be accomplished on 
an overload indication before a shut- 
down takes place. | 

To shut down manually the oper- 
ator simply trips the single-pole 
circuit breaker. This device, by 


Fig. 3—This automatic substation 
supplies the power for a coal mine. 


The automatic switchboard controls a 
200-kw., 250/275-volt, synchronous, 
motor-generator set at the Wolf Pit 
coal mines of the McKinney Steel Co. 
In addition it controls two stub-multi- 
ple feeders. The two panels shown at 
the right end of the switchboard per- 
form this service. 


means of an auxiliary switch, inter- 


rupts the master control circuit and 
the equipment assumes the off“ 
position. 

An interesting industrial installa- 


Fig. 4—Automatic switchboard in 
use by Pennsylvania Coal and Coke 
Corp. at Mills, Pa. 


This equipment controls two 150-kw., 
motor-generator sets. The first two 
panels from the left control one motor- 
generator set while the third and 
fourth panels control the second. The 
fifth and sixth panels are stub-multi- 
ple, direcet- current. feeder panels 
equipped with reclosing circuit break- 
ers. These panels are rated at 1,64 
amp. and 900 amp. respectively. 
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tion, which has recently been com- 
pleted, is in the mill of the McKinney 
Steel Company, Cleveland, Ohio. The 


power supply for the mill has a fre-- 


quency of 25 cycles and hence is not 
suitable for office and drafting room 
illumination. It was, therefore, de- 
cided to install in the basement of 
the office building two 100-kw. induc- 
tion motor-generator sets with auto- 
matic control. A view of the com- 
plete installation is shown in Fig. 1. 

Relatively slow speed sets are 
used so as to minimize the noise, 
characteristic of higher-speed ma- 
chines. The control for these sets 
provides for continuous running of 
one set and starting of the other 
on load demand. Counter e. m. f. 
regulating equipment is provided to 
hold the direct- current voltage within 
very close limits and the usual 
protective features are also provided. 
A thermal relay is employed in the 
neutral lead of each three-wire gen- 
erator as a protection against over- 
heating of the neutral copper. Func- 
tioning of this device causes a 
shutdown by interrupting the master 
control circuit. A throw-over switch 
determines which machine shall be 
the leading unit. As a special pro- 
tection to guard against failure of 
energy for the lighting circuit the 
second unit is arranged to start in 
case the first one fails. 

Incoming power is supplied to two 
buses, one of 110 volts and one of 
220 volts, from 6, 600-volt power 
transformers. Starting of the sets 
is, therefore, accomplished directly 
from the buses by means of the 
usual starting and running contac- 
tors energized at a remote point. 
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Fig. 5—Flexibility is a distinguish- 
ing characteristic of automatic 
control. 


This automatic switching equipment 
controls two 330-kw. rotary converters 
and operates them in parallel with 
steam - engine - driven, direct - current 
generators. Directly over this switch- 
board is a balcony which carries the 
rotary converters shown in Fig. 6. This 
equipment is in the Framingham 
(Mass.) plant of the Dennison Manu- 
facturing Co. 


With one unit in service and an in- 
crease in load of sufficient amount 
to operate the master element of the 
second unit, this machine will start 
and carry its share of the load. 
This installation has proved to be 
a very satisfactory and economical 
means of supplying direct current to 
an isolated office building and will no 
doubt lead to similar installations. 
Automatic a.c. reclosing feeders, 
which have been popular for some 
time with operating companies, are 
finding wide application in the in- 
dustrial field. The rugged construc- 
tion of these equipments and their 
dependability have in a large meas- 
ure contributed to their popularity. 
Among the more recent develop- 
ments in automatic control has been 
its application to synchronous con- 
densers. Of particular interest in 
this connection is an installation of 
equipment to control a unit of 7,500 
kva. for the New England Power 
Company, at Worcester, Mass. The 
American Steel and Wire Company, 
one of the larger customers of the 
New England Power Company, 
found it necessary to increase mate- 
rially its supply of electrical energy. 
As the character of the load made 
it necessary to compensate for lag- 
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ging power factor, the power com- 
pany decided to add another unit to 
its already existing 40,000 kva. in 
synchronous condenser equipment. 
In order to eliminate the necessity 
for attendants an automatically-oper- 
ated synchronous condenser rated at 
7,500 kva., 13,800 volts was decided 
upon. 

The automatic switching equip- 
ment employs a time clock and volt- 
age relay so that if the voltage 
between the hours of 7 a.m. and 6 
p.m. falls below 13,200 the condenser 
automatically starts up and boosts 
the potential to about 13,800 volts. 
It will maintain this voltage within 
the capacity of the machine until 
such time as the system voltage rises 
to a point when a shutdown occurs 
automatically due to light load. Use 
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is made of the new type alternating- 
current voltage regulator which has 
no direct-current coil and hence 
gives satisfactory control even when 
the direct-current voltage is at a 
very low value. This machine is pro- 
tected against bearing trouble, low 
voltage, loss of load, single-phase 
operation, overcurrent, loss of field 
excitation, and current unbalance. 


Severe winter operating condi- 
tions had to be provided for in the 
station desiġn, as the machine does 
not run continuously. The ventilat- 
ing duct leading the air away from 
the condenser is fitted with a butter- 
fly valve so that when the machine 
stops the warm air is prevented 
from escaping to the outside. As a 
further help toward eliminating cold 
weather difficulties small heating 
elements were installed in the main 
bearing oil wells and so connected 
that they are energized when the 
machine is shut down. 

In conclusion it may be said that 
in 1914 there was one 300-kw. auto- 
matic station in service. In 1925 the 
number had increased until there 
were more than 800 automatic sta- 
tions with a total of over 700,000 kw. 
in rotating apparatus in successful 
operation. The installation of these 
stations is proceeding at an increas- 
ingly rapid rate since they have now 
become an integral part of the elec- 
trical engineering art. 


Fig. 6—These rotaries operate in 
parallel with engine-driven genera- 
tors and are regulated by auto- 
matic control. 


The automatic switching equipment 
controlling them is located directly 
under the sets and is shown in Fig. 5. 
The converters are each rated at 330 
kw. and deliver 250 volts. 


Problems in the 
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Lubrication of Hoists 
and Traveling Cranes 


including troubles caused by the service conditions, 
with a discussion of the types of bearings and lubri- 
cating devices that may be used to overcome them 


By Frank E. Gooding 


Associate Editor, Industrial Engineer 


UBRICATION* of material-han- 
dling equipment offers, in many 
ways, greater opportunities for 

neglect than most other machines 
which are used in production. Much 
of this equipment is located in out- 
of-the-way corners or in places dif- 
ficult of access, and often it is used 
only intermittently. Such conditions 
tend to make for divided responsi- 
bility or failure to provide necessary 
lubrication and inspection. 

*Other articles in this serles on lubrica- 
tion, which have appeared in preyious issues 
of INDUSTRIAL ENGINERR are: "Usi ng Oils 
and Greases for Industrial Lubrication,” 
December, 1925, “Specifications for Oil and 
Grease Lubricants,” March, 1926, “HEquip- 
ment for Applying e * May, 1926, 


ar ‘Lubricating Motor Bearings, July. 
1926. 


The effects of use are cumulative. 
Also, when the equipment is idle for 
comparatively long periods, the lu- 
bricant is more likely to accumulate 
dust in the bearings, because where 
bearings are operating, the action 
of the oil, if the bearings are prop- 
erly designed and the lubricant sup- 
plied as indicated by the manufac- 
turer, tends to keep the lubricant in 
motion, so that it gradually works 
foreign matter away from the bear- 
ing surfaces. Some bearings are 
designed primarily to force or wash 
foreign matter out with the flow of 
the lubricant. This is, of course, 
impossible when the bearing stands 
idle. Also, some lubricants tend to 
gum or harden, particularly when 
exposed as a thin film, such as covers 
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Fressure lubricating equipment for 
crane bridge bearings. 


Grease is applied under pressure to 
all bearings simultaneously by screw- 
ing up the hacdewheel of the Keystone 
compression unit in the foregro 
Similar equipment for lubricating the 
trolley bearings is shown in another 
illustration. 


the bearings. Other lubricants are 
so thin as to run off and leave the 
bearing surfaces unprotected, prac- 
tically as soon as motion stops. 
Needless to say, a lubricant which is 
too thin, that is, one without suf- 
ficient body, should not be used. 

The necessity for the proper ap- 
plication of the correct lubricant 
applies to practically every type of 
equipment; in this way the lubrica- 
tion of material-handling equipment 
does not differ very much from other 
bearing problems. However, special 
provision must be made to anticipate 
neglect as much as possible, and to 
handle the problems created by the 
dust in which much of such equip- 
ment operates. 

This article will discuss some of 
the more common methods and con- 
siderations involved in the lubrica- 
tion of material-handling equipment. 
Particular attention will be given to 
overhead cranes and hoists. The 
lubrication of trucks and tractors 
presents special problems which are 
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covered by the recommendations of 
the manufacturer and will not be 
discussed here. 

The electric traveling crane is 
often the most expensive and some- 
times the most important piece of 
equipment in an industrial plant. 
Interruption of its service in some 
industries, such as foundry work, 
will often tie up a large share if not 
all of the plant. Due to its large size 
and the fact that the crane is placed 
overhead where it is difficult of 
access, lubrication of the crane bear- 
ings is often neglected. The bear- 
ings such as in the bridge trucks 
are located a considerable distance 
apart and are hard to reach; often, 
as a result, they do not get the neces- 
sary attention. For this reason crane 
manufacturers usually design the 
bearings and the method of lubrica- 
tion so that there will be no serious 
results even though lubrication is 
neglected occasionally. 

Both the manufacturers and users 
of cranes are studying the problems 
of lubrication and bearings very 
seriously. In the article entitled, 
“Anti-Friction Bearings on Steel 
Mill Motors,” on page 260 of the 
June, 1926, issue of INDUSTRIAL 
ENGINEER, a description is given of 
an installation of roller bearings 
applied to 32 traveling cranes on not 
only the motors, but on all of the 
bearings. 

Also, on page 254 of that same 
issue, mention is made of the recent 
installation of 20 cranes which are 
likewise completely equipped with 
roller ‘bearings. In these cranes 
Rollway bearings are used for the 
motors, Hyatt bearings support the 
lineshaft, and Timken bearings are 
used on the axles and end trucks. 
In many other instances partial in- 
stallations of anti-friction bearings 
have been made on cranes. One of 
the big advantages of using these 
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Here the trolley of a crane is fitted 
for pressure lubrication. 


The Keystone compression unit is 
located at the right and j-in. lead 
pipes extend from the 13-in. header 
pipe, to each bearing. This unit covers 
the lubrication of all bearings on the 
trolley. A separate unit is required 
for the bridge, as shown in the head- 
piece at the beginning of this article. 


bearings is that they require lubrica- 
tion only a few times a year at most. 

It is expected that the use of anti- 
friction bearings will do much toward 
overcoming the difficulties incidental 
to the operation of cranes in steel 
mills where they are subject to dust 
hazards and other severe operating 
conditions, particularly as continuous 
operation is of supreme importance 
in this industry. 

A type of bearing commonly used 
on the end trucks and also on the 
trolley trucks of cranes is the M.C.B. 
(Master Car Builders) bearing 
which usually consists of a bronze or 
similar bearing metal shell with an 
oil reservoir, packed with waste. 


This is the opposite side of the 
crane trolley shown above. 


A header pipe line carries the grease 
from the compressor around to the 
bearings on this side of the trolley. 
Pressure is exerted on all bearings 
simultaneously. Where a large num- 
ber of bearings are served from one 
compression unit, a two-way or three- 
way valve is placed in the line so that 
pressure is applied to only a portion of 
the bearings at a time. 


Such bearings require the addition 


of lubricant weekly. Also, it is 
advisable to repack with clean, new 
wool waste approximately every two 
months. Wool waste does not pack 
too tightly, it seems to hold and feed 
the oil better and is not so easily 
affected by the heat of the bearings 
as is ordinary cotton waste. A heavy 
grade of lubricating oil, similar to 
engine oil, is used in M.C.B. bearings. 

Frequently, grease cup lubrication 
is used on some of the crane bear- 
ings, particularly on the bridge drive 
shaft, and on some of the trolley 
bearings. When attended properly 
these give satisfactory service. It 
is somewhat difficult, however, to 
fill these grease cups at the crane 
without getting some dirt mixed in 
with the grease, particularly where 
the atmosphere is heavily dust-laden. 
Some operating engineers overcome 
this difficulty by having spare grease 
cups, which are filled at the stock- 
room. The oiler then merely removes 
the empty grease cup and replaces 
it with a filled one. Care must be 
exercised, however, to see that these 
are screwed in properly so that they 
do not loosen and fall out, due to 
vibration of the crane. 

Many operators, however, prefer 
the use of the Alemite or Zerk, pres- 
sure systems of grease lubrication 
in preference to a grease cup, in 
that these force the lubricant into 
the bearing under considerably 
greater pressure than can be ob- 
tained by screwing down on a grease 
cup. Also, there is less likelihood 
of forcing dirt into the bearing along 
with the lubricant, as would be the 
case where the grease cups were 
filled in the plant. In addition, all 
of the new grease is forced in under 
high pressure, and the old, dirty 
grease is forced out of the ends of 
the bearings, carrying with it any 
foreign matter. The Dot system 
supplies oil under pressure to the 
bearings in a similar manner. 

With the Alemite or Zerk systems, 
the lubricant is forced, by a so-called 
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gun, into the bearings through a 
fitting which is screwed into the oil 
hole or grease cup opening in the 
bearing. This fitting is closed by a 
special ball and spring which is 


forced open by the passage of the 


lubricant as it is applied under 
pressure. The operation of these 
methods of applying lubricants was 
described in the article, “Equipment 
Used for Applying Lubricants,” in 
the May, 1926, issue of INDUSTRIAL 
ENGINEER. A crane which is in 
operation approximately 10 hr. a day 
should have all bearings gone over 
with a portable pressure gun at least 
once daily. 

Still another method of lubricating 
electric cranes, which is designed 
both to supply the lubricant to the 
bearings under pressure without the 
possibility of missing a bearing, and 
also to eliminate the accident hazard 
which results from the necessity of 
attending each individual bearing, is 
known as the Keystone system of 
lubrication. This was also described 
in the May, 1926, article. With the 
Keystone system the grease is piped 
from a central pressure gun or com- 
pression unit to each of the bearings. 
The application of pressure by 
screwing up a plunger on this unit 
lubricates all bearings simulta- 
neously. The advantages claimed are 
that this is not only a safe method, 
as there is practically no hazard to 
the workman, but also no bearings 
are overlooked, and all the bearings 
are lubricated very quickly. 

Where cranes are so equipped, the 
Keystone lubricators are of the 
manual, intermittent-operation type. 
One lubricator is used for the crane 
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Lubrication features of a Whiting 
crane bridge trolley. 


The truck wheel bearings are of the 
M.C.B. type and are packed with wool 
waste. The gears operate in an oil 
bath. Other bearings have Alemite 
fittings for pressure lubrication. 


bridge and another for the trolley. 
Some ore bridges have been equipped 
with Keystone converter cups r 
accumulators which are connected in 
so as to give a continuous flow of 
grease under pressure to the bear- 
ing. The lubricator is mounted in a 
convenient location, usually at one 


This phantom view shows the lubri- 
cation system of a hoist trolley. 


This illustration is of one type of 
trolley for a Shepard Electric Crane & 
Hoist Company hoist. The axle and 
motor bearings are ring-oiled. Gears, 
where possible, are lubricated by the 
splash system, and each oil reservoir 
is provided with a means for indicating 
the oil level. 
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end, and is connected to the header 
line which extends along the bridge. 
Branch feed lines are connected with 
the header to each bearing and a 
pressure reduction valve is placed at 
or adjacent to each bearing. After 
the pipe lines are filled with lubricant 
and the valves adjusted, the pressure 
is applied by turning the hand wheel, 
which forces grease into all bearings 
simultaneously. A special grease 
gage and pressure tell-tale, indicate 
the existence of pressure and the 
flow of grease at the various bear- 
ings. An installation on the bridge 
of a yard crane is shown in an ac- 
companying illustration. 

Crane bearings, particularly tose 
which are installed in foundries and 
around blast furnaces, are subjected 
to very dirty and dusty conditions. 
Abrasive material shortens the bear- 
ing life, and under such conditions 
it is necessary to use a lubricant of 
sufficient body to seal the ends of the 
bearings against infiltration of dirt. 

On some installations grease has 
been forced a distance of 200 ft. 
from the lubricator to the farthest 
bearing, with branches to the various 
bearings along the line. On all con- 
nections which are to be made to a 
moving bearing and when subject to 
extreme vibrations a grease-proof 
rubber hose is employed; otherwise 
pipe is used. 

At the Lynn (Mass.) plant of the 
General Electric Company, a 5-ton 
and a 10-ton Whiting crane are 
equipped with the Keystone lubricat- 
ing system. The first crane was 
equipped by the user; the second 
crane was equipped when manufac- 
tured. One compression unit is 
mounted on the bridge of the crane 

(Please turn to page 420) 
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THIS is the third article of a series 
on power factor. In the first article, 
which appeared in the July issue, 
the nature, causes and effects of 
low power factor were discussed. 
The second article, in the August 
issue, dealt with methods of raising 
low power factor without the use 
of corrective equipment. In the 
present article the use of corrective 
equipment is explained. A succeed- 
ing article will take up the question 
of how far it pays to go in correct- 
ingthe power factor of an industrial 
plant load. 


Practical pointers on 


Methods of 


Correcting 


Power Factor 


of industrial plant loads 
by the use of equipment 
that has been designed 
for this purpose 


By JAMES B. HOLSTON 


Commercial Engineer, Wagner Electric 
Corporation, St. Louis, Mo. 


N THE previous article, on 
[m 356 of the August issue, the 

possibility of raising the power 
factor of an industrial plant, by re- 
arranging induction motors so that 
they will be properly loaded, was 
discussed in detail. 

After having made load tests on 
all motors except those operating 
only intermittently, and rearranging 
and replacing them to get better 
load factors and consequently better 
power factors, the operating engi- 
neer faces the problem of selecting 
suitable equipment to further in- 
crease the plant power factor from 
75 or 80 per cent up to 90, 95, or pos- 
sibly 100 per cent. 

Engineers frequently make the 
statement that it is uneconomical to 
raise power factor higher than 90 
or 95 per cent. Before setting any 
figure as a definite limit, however, 
it seems best to consider all of the 
various factors which may be in- 
volved. Where a large number of 
induction motors are included in the 
plant load, the cost of correction be- 
yond 90 per cent may not be justified. 
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On the other hand, where a single 
large unit consumes the greater part 
of the power, and a synchronous or 
Fynn-Weichsel type motor can be 
used for this drive, correction to 
100 per cent may be accomplished at 
no greater cost than 95 or even 90 
per cent correction. 

The solution of the power factor 
problem consists largely in eliminat- 
ing or balancing induction motor 
magnetizing currents. If a part of 
the induction motors are replaced 
by motors which not only supply 
their own magnetizing current, but 
also an excess available for the re- 
maining induction motors, it follows 
that the amount of correction re- 
quired is less than if no motors are 
replaced and condensers are used to 
correct the entire load. This fact is 
important and should be thoroughly 
understood before any selection of 
corrective equipment is made. 

According to a splendid treatise 
published by the National Electric 
Light Association, and dated Janu- 
ary, 1926, power factor correction 
may be accomplished by means of 
four different types of equipment: 
synchronous motors, Fynn-Weichsel 
motors, static condensers and syn- 
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Fig. 1—This shows a 25-hp., 1,200- 
r.p.m., 220-volt, two-phase, 60-cycle 
Fynn-Weichsel motor driving a line- 
shaft through a silent chain, in the 
plant of the Byrne and Hance Spin- 
ning Co., Philadelphia, Pa. 


chronous condensers. The following 


discussion will deal with each of 
these types of equipment in the 
order named. 

Synchronous Motors—Synchronous 
motors afford an excellent means of 
correcting power factor in the larger 
plants where motors of 50 hp. and 
over are used. General-purpose mo- 
tors are usually of the induction 
type, but for air compressors (pro- 
vided mechanical unloaders are 
used), blowers, pumps, motor-gen- 
erator sets, drives requiring several 
hundred horsepower, and similar ap- 
plications, where the starting torque 
required is less than 50 per cent of 
full-load torque and where the mo- 
tors are running for long periods of 
time, the straight synchronous-type 
motor is well suited. Synchronous 
motors are built in three ratings— 
80 per cent, 90 per cent (leading 
power factor) and 100 per cent, or 
unity power factor. The 80 and 90 
per cent motors are used for power 
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Fig. 2—Substituting 350 hp. in 
synchronous motors for induction 
motors raised the power factor from 
60 per cent to 85 per cent. 


The original conditions are represented 
by the triangle whose sides are ABC. 
With meter readings of 120,000 kw.-hr. 
and 160,000 reactive hours, the power 
factor was 60 per cent. The installa- 
tion of 350 hp. in synchronous motors 
gave the conditions shown by triangle 
„where a consumption of 120,000 
kw.-hr. with a reduction to 74,400 re- 
active hours gave a resultant power 
factor of 85 per cent. 5 


factor correction. In some cases 
over-size motors are installed and 
operated at reduced loads in order to 
obtain a greater corrective effect. 
This practice is net generally to be 
recommended, however, as it means 
a sacrifice in operating efficiency. 
Using properly rated motors in suf- 
cient numbers to correct the power 
factor to the desired point is much 
more efficient, although it is slightly 
more expensive from the standpoint 
of initial investment. Frequently the 
use of 90 per cent power factor mo- 
tors is preferred to the 80 per cent 
type, because of the smaller line cur- 
rent drawn by the former. This is 
especially true where induction mo- 
tors are replaced by the synchronous 
type in old installations, as new 
feeders would be required with the 
80 per cent motors. 

The size of the synchronous mo- 
tors required can be calculated if 
the total kilowatt hours consumed 
per month and the effective power 
factor are known. Referring to 
Fig. 2, assume that the kw.-hr. are 
120,000 and the power factor is 60 
per cent. 
size of synchronous motors to be sub- 


Fig. 3—Synchronous motors can 
usually be used to advantage on air 
compressor drives. 


This is an Electric Machinery Mfg. 
Co., unity-power-factor synchronous 
motor which is rated at 100 hp.. 60 
cycles, 220 volts, 257 r.p.m. It is 
direct-connected to a standard air com- 
pressor in the plant of the St. Louis 
Frog & Switch Co., St. Louis, Mo. 


In order to determine the 
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stituted for induction motors’ in 
order to correct the power factor to 
85 per cent, the number of “reactive- 
hours” is first computed. In Fig. 2, 
side BC represents the “reactive- 
hours” at 60 per cent power factor. 
As explained in the articles in the 
July and August issues, 


BC = VAB* — AC 
and AB = AC - power factor = 
120,000 — .60 = 200,000 
Therefore, BC = V (Z — 1.2) X 10” 
= 160,000 


Referring to the chart on page 310 
of the July issue, showing the ratio 
of reactive hours to kilowatt-hours, 
or to the curve on page 356 of the 
August issue, the ratio of reactive 
hours to kilowatt-hours at 60 per 
cent power factor is found to be 
1.33. Therefore, the reactive hours 
should equal 1.33 X 120,000, or 
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160,000, which checks with the cal- 


culations made before. 

At 85 per cent power-factor DC 
represents the reactive hours and is 
found to be 74,400, when computed 
in the same manner as BC. Sub- 
tracting DC from BC (160,000 — 
74,400) leaves 85,600 reactive hours. 
In short, to correct the power factor 
from 60 per cent to 85 per cent 
85,600 reactive hours must be elimi- 
nated. Normal plant operation being 
250 hr. per month, the average re- 
active kva. required is 85,600 divided 
by 250, or 342 reactive kva. 

With 90 per cent efficiency and 80 
per cent leading power factor at full 
load, synchronous motors will de- 


Fig. 4—These curves show the cor- 
rective kva. capacity of 80 per cent 
leading-power-factor 
motors. 


synchronous 
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liver .62 reactive kva. per horse- 
power. Large induction motors will 
require .36 reactive kva. per horse- 
power, at 90 per cent efficiency and 
92 per cent power factor. There- 
fore, the synchronous motor horse- 
power required when substituted for 
induction motors is equal to 342 — 
62 ＋ .86 = 349 hp. 

Fig. 4 shows the corrective kva. 
of 80 per cent power factor syn- 
chronous motors, and affords a con- 
venient means of calculating the 
sizes required. In the present case 


Fig. 5—Reactive kva. of 1,200- 
r. p. m., squirrel-cage, polyphase, in- 
duction motors. 
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the curve shows that a 100-hp. motor 
supplies 62 reactive kva. at 100 per 
cent load. In other words, an 80 
per cent power factor motor supplies 
.62 reactive kva. per horsepower, re- 
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Fig. 6—In this case adding a 350- 
hp. synchronous motor to an exist- 
ing installation of induction motors 
raised the power factor from 60 
per cent to 87.5 per cent. 


gardless of motor size. Similarly, 
Fig. 5 shows that a 100-hp. induc- 
tion motor at full load requires 36 
reactive kva., or .36 reactive kva. per 
horsepower. By making use of these 
two curves the calculations can be 
made quite easily. 

In the case given above the horse- 
power required was found to be 349. 
In order to allow for load factors and 
other variables, 375 hp. of motors 
should be changed. It is interest- 
ing to note that the calculations show 
the corrective kva. required to be 
just about equal to the horsepower 
of motors to be changed. This may 
be followed as a general rule in mak- 
ing hurried or approximate estimates. 
The largest units should always be 
changed; for example, in the case 
given above it would be best to 
change one 200-hp. and one 175-hp. 
unit, if such sizes are present. The 
reason for this is that the cost per 
corrective kva. is always less in the 
larger units than in the smaller 
sizes. Operating advantages favor 
the smaller units, but inasmuch as 
the synchronous motors are not 
available except in the larger sizes, 
this consideration need not enter 
into the discussion. | 

It will be noted that the above 
explanation is founded upon the 
“reactive hour-kilowatt-hour” system 
of metering. In case the power rate 
is based upon the kva. demand, or 
power is obtained from the con- 
sumer’s own generating equipment, 
the same reasoning applies, but the 
values of the various sides of the 
power factor triangle, shown in 
Fig. 2, will be expressed in kw., re- 
active kva., and kva., rather than 
kw.-hr., reactive hours, and kva.-hr. 
Values for maximum demand should 
be used. 

In case a synchronous motor is to 
be added to the present load, instead 
of being substituted for an existing 
motor, it may be desirable to calcu- 
late the resultant power factor. Re- 
ferring to Fig. 6, the same data are 
used as for Fig. 2, except that it is 
assumed that a 350-hp., 80 per cent 
synchronous motor is to be added to 
the load. 

For 250 hr. operation per month, a 
850-hp. motor delivers 54,250 reac- 
tive hours leading (250 X 850 X 
.62). Then subtracting 54,250 from 
160,000 leaves 105,750 reactive hours. 
The kilowatt-hours are increased by 
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Fig. 7—Substituting 105 hp. in 
Fynn-Weichsel motors raised the 
power factor of this load from 60 
per cent to 87 per cent. 


the amount used by the added motor, 
250 X 350 X .746 —— .90 = 72,550 
In the above formula .746 is the fac- 
tor for converting from horsepower 
to kilowatts, and .90 is the motor 
efficiency. The resultant power fac- 
tor can now be found from the ratio 
of reactive hours to kilowatt-hours. 
As the ratio is 105,750 divided by 
(120,000 plus 72,550), or .55, the 
power-factor is found from the chart 
to be 87.5 per cent. | 
Attention is directed to the fact 
that if a unity power factor syn- 
chronous motor is added to the above 
load the power factor will be raised, 
as the kilowatt-hour component is 
increased and the ratio of reactive 
hours to kilowatt-hours is made less. 
In this particular case, the reactive 
hour component would remain the 
same (160,000), but the kilowatt- 
hours would be increased to 192,550. 
The power factor corresponding to 
the ratio of 160,000 divided by 
192,550 (.832) is 77 per cent, as com- 
pared to 60 per cent before installa- 
tion of the 350-hp. unit. Similarly, 
if an electric furnace load of 290 kw. 
(equivalent to 350 hp. in motors) at 
100 per cent power factor is added, 
the power factor would be raised 
from 60 per cent to 77 per cent. 
Fynn - Weichsel Motors — Fynn- 
Weichsel motors may be used for 
power factor correction and have a 
wide application because of their 
high starting torque, induction mo- 
tor range of sizes, and simple operat- 
ing requirements. These motors 
start on the slip-ring induction mo- 


Fig. 8—This shows the corrective 
kva. capacity of 1,200-r.p.m. Fynn- 
Weichsel motors. 
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tor principle and have starting 
torques ranging from 150 per cent of 
full-load torque up to much higher 
values in some ratings. Many plants 
have applications where synchronous 
motors cannot be used on account of 
starting requirements. Often, too, 
there are no large units which can 
be changed to corrective motors, and 
in such cases a number of the smaller 
Fynn-Weichsel motors can be used 
to accomplish the desired result. 
Standard- type, slip-ring starting 
equipment is used and can be oper- 
ated by anyone familiar with induc- 
tion motor control. 

The same methods are used to de- 
termine the size of Fynn-Weichsel 
motors required as have been ex- 
plained for the synchronous motors. 
It will be noted from Fig. 8 that in 
comparable sizes the corrective ef- 
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Fig. 9— Installation of a 342-kva. 
statie condenser raised the power 
factor of this system from 60 per 
cent to 85 per cent by supplying 
85,600 reactive hours (leading). 
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Fig. 10— The kva. required to raise 
the power factor to any desired 
value may be determined from this 
chart. 


Locate on the bottom line the figure 
corresponding to the present power 
factor; then follow this vertical line 
up to the point where it intersects the 
curve corresponding to the desired 
power factor (85, 90, etc., per cent). 
Follow this point of intersection hori- 
zontally to the corresponding figure at 
the left, which represents the reactive 
kva. required, in terms of per cent of 
kilowatts. 


fect of these motors and synchronous 
motors is much the same, whereas 
the smaller Fynn-Weichsel motors 
operate at a power factor of about 
90 per cent, and, therefore, supply 
a smaller amount of corrective effect. 

A typical case where Fynn-Weich- 
sel motors are used for power fac- 
tor correction is one where one 75-hp. 
and two 15-hp. motors were substi- 
tuted for induction motors. This 
load is represented by Fig. 7. Us— 
ing Fig. 5, the lagging reactive kva. 
of each 15-hp. induction motor is 6 
and of the 75-hp. induction motor, 28. 
Fynn-Weichsel motors of correspond- 
ing horsepower have 8 reactive kva. 
(leading) for the 15-hp. size and 35 
reactive kva. for the 75-hp. unit, ac- 
cording to Fig. 8. Adding lagging 
and leading reactive kva. (12 + 28 
+ 16 + 36) gives a total of 92. 
For 250 hr. operation per month, 
the total reduction in reactive hours 
is 250 X 92 = 23,000. The reac- 
tive hours at 60 per cent power fac- 
tor for 30,000 kw.-hr. are 39,900. 
The substitution of the three Fynn- 
Weichsel motors reduces this to 
39,900 — 23,000 — 16,900 reactive 
hours; and the power factor cor- 
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Initial 
Fig. 11—Here is an instance where 
a static condenser is used to raise 
power factor. 


This illustration shows one, three- 
phase, 60-cycle, 180-kva., 2,300-volt 
Capacitor (General Electric Co.) in- 
stalled by the Electric Autolite Co., 
Fostoria, Ohio. 
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responding to the ratio of 16,900 
divided by 30,000 (.563) is 87 per 
cent. 

If the same Fynn-Weichsel mo- 
tors were added to this load, instead 
of being substituted for other mo- 
tors, the power factor would be 
raised to 89 per cent, as the reactive 
hours would be reduced by 250 X 
(36 + 2 X 8) = 13,000, and the 
kilowatt-hours would be increased by 
250 X (105 X .746) — .88 = 22,250. 
The ratio of reactive hours to kilo- 
watt-hours is (39,900 — 13,000) — 
30,000 + 22,250 — .515. 

Therefore, power factor equals 89 
per cent. 

An addition to a plant may include 
a number of motors, part of which 
can be of the corrective type, while 
the others must be of the induction 
type for operating reasons. In such 
cases the lagging reactives of the in- 
duction motors and the leading re- 
actives of the corrective motors can 
be calculated and the resultant power 
factor found. 

Static and Synchronous Condensers 
—When it is undesirable to replace 
induction motors with the power- 
factor-correcting types, on account 
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of operating difficulties (such as arẹ 
encountered in metal working plants, 
for instance, where the abrasive 
dust might preclude the use of any 
but squirrel-cage type motors) or 
for any other reason, static con- 
densers can best be used. The 
multiple-unit type is preferred to 
the individual-motor type on account 
of lower initial and maintenance 
costs, as well as installation and op- 
erating considerations. Both the 
2,300- and 400-volt types are available. 
The lower-voltage condensers are 
preferred, as the low power factor is 
corrected before it reaches the trans- 
formers. However, the losses charge- 
able to the condenser are between 
24 and 3 per cent with the low- 
voltage type, as an auto-transformer 
is required, whereas the 2,300-volt 
units have only about 3 per cent loss. 
Recently low-voltage condensers op- 
erating without transformers have 
been developed, and will probably 
take the place of the 2,300-volt units. 

Referring to Fig. 9, a load of 
120,000 kw.-hr. at 60 per cent power 
factor has 160,000 reactive hours. 
The same load at 85 per cent power 
factor has 74,400 reactive hours. 
Then 160,000 minus 74,400 is 85,600, 
which must be supplied by a static 
condenser to raise the power factor 
from 60 per cent to 85 per cent. As- 
suming 10 hr. operation per day and 
25 days per month, the size of con- 
denser required is equal to 

85,600 — (25 X 10) = 342 kva. 
With 23 per cent loss and power cost- 
ing 2 cents per kw.-hr., the monthly 
operating cost of such a condenser is 
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025 X 342 X 250 X .02 = $42.75, 
or $513 per year. 

In case the condenser were op- 
erated 24 hrs. per day and 30 days 
per month the size required would 
be, 85,600 — (24 X 30) = 119 kva. 

It should again be noted that the 
above calculations are based upon 
the “reactive hour-kilowatt-hour” 
system of metering. If the power 
factor at the time of maximum de- 
mand is to be raised, the term 
“hours” should be omitted from the 
calculations and the values of power 
factor, kilowatts and reactive kva. 
taken at the time the maximum is 
created. 

Fig. 10 shows a simplified method 
of calculating condenser sizes re- 
quired to raise the power factor from 
one point to another. For example, 
assume that the monthly kilowatt- 
hours are 100,000 and the power 
factor 80 per cent, and it is desired 
to raise the power factor to 100 per 
cent. The intersection of the verti- 
cal line of 80 per cent initial power 
factor with the line of 100 per cent 
final power factor is at the 75 per 
cent line corresponding to “correc- 
tive kva. required in per cent of 
kw.” Therefore, the reactive hours 
required to raise the power factor 
from 80 per cent to 100 per cent are 
75 per cent of 100,000, or 75,000. At 
250 hr. operation per month this 


Fig. 12—In this case an individual 
static condenser is installed for each 


motor. 
The low-voltage Capacitor shown here 
is installed to correct the power fac- 


tor of the motor which drives a full- 
fashioned hosiery machine. 


‘denser is needed. 
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would mean that a 300-kva. con- 
Following the 
same method of reasoning, a 1,000- 
kw. load requires a 750-kva. con- 
denser to raise the power factor from 
80 per cent to 100 per cent. 

The size of synchronous condenser 
required for power factor correction 
can be calculated in exactly the same 
manner as was described for static 
condensers (neglecting the effect of 
the condenser losses on the power 
factor, which is small). 

The use of synchronous con- 
densers in industrial plants is sel- 
dom justified on account of the 
heavy operating expense, rotating 
condensers having losses ranging 
from 5 to 10 per cent of rated 
capacity. Unless power is unusually 
low priced the cost of operation is 
excessive and one of the three other 
methods of correcting power factor 
will usually be found best. Some- 
times there are available unused 
synchronous motors which can be 
converted into synchronous con- 
densers quite easily; in such cases 
their use may be economical, al- 
though this is somewhat doubtful. 

It is frequently found that the 
use of two or more types of correc- 
tive equipment is required in a plant 
to obtain power factor correction 
most economically. Conditions may 
be such that the number of motors 
which can be changed to the correc- 
tive type is not sufficient to give all 
of the correction required, and the 
use of a condenser in addition to 
such motors as may be changed will 
give the required correction. 

Although it is- not within the 
province of this article to point out 
the advantages of electric heating as 
applied to industrial processes, it 
may not be out of place to mention 
again the fact that all resistance- 
type heating equipment operates at 
unity power factor and helps to 
raise the power factor of a plant 
system by increasing the kilowatt- 
hour consumption, while the reactive 
hours will remain the same. If the 
nature of the manufacturing proc- 
esses is such that electric heating 
equipment can be employed to ad- 


; vantage, its use should be considered. 


In any case it is necessary to make 
a careful study of all of the various 
factors that have a bearing on the 
problem, before definitely selecting 
the methods and equipment to be em- 
ployed in raising the power factor. 

A subsequent article that will ap- 
pear in an early issue will discuss 
in detail the question of how high it 
pays to correct power factor. : 
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Insulation on Magnet Wire 
for Repair Shop Work 


together with handy tables that will help in replac- 
ing round wire with square wire of the desired 
carrying capacity and type of insulation. 


By A. C. ROE 
and 
D. H. BRAYMER, 


Consulting Editor, Industrial Engineer 


N THE August issue, data on the 
[ used in repair work were 

presented. In this article the 
subject of insulation is discussed 
from the standpoint of adequate in- 
sulation for different work, and the 
substitution of different insulation 
so as to meet the space, dielectric 
and temperature requirements of 
difficult jobs calling for changes in 
wire sizes or their normal carrying 
capacity. 

Single - Cotton - Covered Wire.— 
Single-cotton-covered magnet wire 
has a small field of application, as 
the single covering provides very 
little added insulation and its 
mechanical protection is low. Its use 
is confined to small shunt field coils 
that have a large number of turns 
and are wound to final shape; that is, 
coils that are wound straight and not 
bent. A good grade of enameled 
wire is preferred in repair work for 


replacing small coils wound only 
with single-cotton-covered wire. 

Double-cotton-covered magnet wire 
is the most widely used in the con- 
struction and repair of electrical ap- 
paratus, and is made up as round, 
square and ribbon wire. The cover- 
ing consists of a good quality of un- 
bleached cotton yarn, applied in two 
layers. The layers are put on in 
opposite directions so that both can- 
not be unwound at once, the top 
layer being unwound in a clockwise 
direction and the bottom layer in a 
counter-clockwise direction. Each 
wrapping should be firmly applied, 
be continuous and free from lumpy 
splices, and when bent around }-in. 
radius at 90 deg., the copper should 
not show through. 

The mandrel test as explained for 
enameled wire (August issue, page 
364) can be applied to d.c.c. wire for 
breaking down to ground, one layer, 
and between layers. The total thick- 
ness of insulation between both 
walls will vary from .009 in. to .018 
in. according: to the size and kind of 
wire. In gaging insulated wire a 
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| WHEN rewinding motor and 


magnet coils it is frequently 

necessary to make changes 
in the wire sizes or kind of 
insulation used, in order to 
reduce the operating tem- 
perature, or get a certain 
number of conductors in a 
given slot space. In this 
article some of these dif- 
ferent conditions are dis- 
cussed and tables given from 
which information can 
quickly be obtained on the 
possible standard sizes of 
wire to use and the insula- 
tion that can be employed. 


slight pressure should be used with 
the micrometer. 

In the article that appeared in the 
August issue (page 366), Table IV 
showed the insulated size of d.c.c. 


round wires. Table I of this article 
gives the total 8 size in deci- 
mals and fractions for d.c.c. round 
wires, from No. 4-0 to No. 19 B & S 
gage. The first vertical column lists 
the size of the wire in the B & S 
gage number. Then the top hori- 
zontal line gives the number of 
wires for which it is desired to know 
the space required for a given num- 
ber of wires lying side by side. 

For example, assume that we have 
a puller coil wound with eight turns 
of three No. 9 d.c.c. wires. It is de- 
sired to know: (1) The wire space 


Table I— Wire Table for Figuring Coil Size and Shellacked Strips 
When Using D.C. C. Round Copper Wire 


No. of Wires 1 2 3 4 5 6 7 8 9 10 

Sise Wire D IF| DIFÍDIFÍÎÍDIFÍD IF| D IT F D IFÍ DPF D IF| DIF 
4-0 .478 H | .956 1.434 | 18 11.912 | 1 2.39 2B |2.86 | 2 3.34 3 |3.82 | 3H 4.30 | 438 |4.78 | 4i 
3-0 428 K | 856 H 1.284 | 1% |1.712 if 2.24 244 12.56 | 2% 2.94 | 244 3.42 3} 3.85 | 343 14.28 | 4 
2-0 383 i . 766 l 1.149 | t& [1.532 | 1 1.915 | 12$ 2.29 |2 2.68 | 2# |3.06 21 3.44 | 35 3.83 | 3 
0 343 H | .686 1.029 IN |1.372 | 14} |1.715 | 1# |2.05 | 2# 12.400 | 24 |2.74 |2 3.08 211 3.43 | 3 
1 307 H 614 11 921 41 1.228 Ilm 11.53 111 1.84 l 2.14 2 2.45 | 28 |2.76 | 2 3.07 | 3% 
2 . 276 21 352 11 828 211.104 | 1} 1.37211 11.65 1% 11.93 1#2 (2.20 | 2# 12.48 ⁰i2 2.76 aie 
3 247 } 494 j 741 # 988 ji 1.235 | 14} |1.48 1H 1.72 IH 1.97 IH |2.22 | 24% 2.47 2 
4 .222 vs | .444 vs 666| H 888 H 1.110 Fr 1.33 18 1.55 114 1.77 1 1.99 2 12.22 2 
3 499 Ik 398 11 597 796 905 11.19 iv 1.39 1411.59 1 1.79 12 11.99 l 
6 . 178 .356 H 534 # 712 11 890 K 1.06 1 1.24 1 1.42 111 1.00 1 1.78 I 
7 160 yr | .320 vr | . 480 11 640 11 800 H | 960 1 1.12 1 1. 28 11 1.44 122 1.60 1 
8 143 èr | .286 1 429 11 572 A 715 t} | .858 $4 1. 00 l 1.14 1 1.28 11 1.43 H 
9 126 n .252 } 378 | 3 5044] 630 | $ 756 1 882 l 1.00 l 1.13 l} 1.26 1} 
10 112 ai | .224 1* 336 t . 448 i 560 ys | .672 $3 | .784 896 H 1. 00 1.12 la 
11 101 W 202 H 303 404 505 } 606 11 707 11 808 R | 909 # 1.01 1 
12 09 1 | . 182 H 273 H 364 H 455 4t | .546 111 637 ł 728 # 819 .91 
13 .082 ti 164 Å 246 } 328 410 i 492 11574 ts 656 4% | .738 82 
14 073 re | . 147 & 219 3 292 1 365 438 i 311 1 584 E | 657 73 
15 . 066 vs | . 132 } 198 i 264 H 330 H 396 ł | .462 11 528 H | 394 66 
16 .059 & 119 1 179 239 11 299 358 11 418 H | 478 H | .538 598 H 
17 .054 & 108 d 162 77 2168| %4 271 B | .355 379 1433 487 3 342 H 
18 049 & | .098 4 148 & 197 È 246 H | .295 H 345 H 394 ii 443 1 493 11 
19 044 & 089 & 134 } 179 224 11259 3 314 he 359 404 449 4 


The first column gives the B & S gage; the op NNE EYES the number of wires wide and under each number of wires wide is given the width in decima 
=æ Fraction. 


and the nearest smaller fraction. D= Decimal. 
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Table III Winding Data for Square D.C. C. and T. C. C. 
Copper Magnet Wire 


Area of Copper 


Rare Radius 
Diameter 0 


Inches Corners Cire. Mils 


265,152 
209,345 
165,037 
130,124 
102,292 


80,203 
62,732 
50,737 
39,725 
32,340 


25,439 
19,951 
16,221 
12,783 
10,033 


7,868 
6,162 | 


V Ro — O 0 wal aH un mm Ww PO — © 
mri tratt tt 


required in the shuttle for three 
No. 9 d.c.c. wires. (2) The puller 
jaw space for No. 9 d.c.c. wires 
placed eight deep and three wide. 
This information is found as fol- 
lows: Consult Table I and find No. 
9 d.c.c. size in the first column. In 
the column marked 3, we find .378 
and the nearest fraction 3 in., which 
is the width required for three wires 
wide. From the column marked 1, 
the depth for eight No. 9 d.c.c. wires 
is found to be 8 x 8 in. or 1.00 in. 
space. The fraction column gives the 
nearest smaller fraction, the smaller 
size being selected to permit of the 
table being used to give the size of 
shellacked strips in fractions. Since 
these strips are used to cement the 
wires together under pressure (as 
will be explained in a later article on 
coil construction) these strips must 
not project beyond the coil wall. 
Table II gives data for square 


Square 
Inches 


0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Per Cent 
Increase 
Cross 
Sectional 
Area 
Copper 


20825 ; 0. 483 
. 16442 433 
. 12972 
. 10220 
. 08034 


. 06300 
04927 
. 03985 
.03120 
.02540 


.01998 
.01567 
01274 
01004 
00788 


00618 
00484 


D. e. 
Insulation 
Diam. 


T. e. e. 
Insulation 
Diam. 


d. e. e. wire and corresponds to Table 
I, except that the figures differ due 
to a slight increase in the insulation 
used on square wire. 

Table III gives the maximum in- 
sulated sizes of square d.c.c. and 
t.c.c. (triple-cotton-covered) magnet 
wire. Column 6 of Table III gives 
the per cent increase in copper 
gained by substituting a square wire 
for the corresponding round wire. 
For example, a No. 10 round wire has 
an area of 10,280 circ.mils and a 
No. 10 square wire an area of 12,783 
circ.mils, or an increase in copper 
of 23.15 per cent. 

Table III and Table IV (August is- 
sue, pages 365 and 366 will be useful 
in making up coils of any description 
for magnets, fields, or armatures. 
For example, assume that a machine 
runs hot and, while rewinding, we 
find the armature was wound with 
No. 8 round wire and the shunt field 
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with No. 13 d.c.c. round wire. By 
using No. 8 square wire we gain 
20.84 per cent copper in the arma- 
ture, and by using No. 13 square 
wire, if the room permits, in the field 
coil, we gain 19 per cent more cop- 
per, which will cool the motor down 
considerably. The lower resistance of 
the field will affect the regulation, 
but this can be taken care of with- 
out any appreciable trouble. The 
square wire in the armature coil 
will not call for a change in the com- 
mutator slotting, but care must be 
taken that the wire has its right and 
left sides vertical before attempting 
to drive it into the commutator neck, 
and also in winding the coil. Fig. 1 
explains the reasons for the above 
statement. In Fig. 14 a round wire 
4 In. in diameter is shown, and in 
Fig. 1B a square wire is shown. The 
4-in. side of the square wire is equal 
to the diameter of the round wire, 
but the diagonal dimension of the 
Square wire is equal to the square 
root of the flat dimension, or .707 in. 
and would not go in a 3-in. slot. 

When winding coils with square 
wire it is important to watch the 
Nos. 13, 12, 11 and 10 B & S gage 
sizes, for these smaller sizes are 
hard to keep flat while winding. 
When they are not kept flat the con- 
dition shown in Fig. 1C will be the 
result. The corners tend to cut into 
the upper and lower turns and the 
danger of shorts between turns is 
Increased. Also, the width and 
depth of the coil is increased, depend- 
Ing on the angle of twist. 

Table IV gives the bare and insu- 
lated sizes of d.c.c. ribbon wire and 
also the area in circ.mils and square 
inches. The bare wire sizes are 


Table II— Wire Table for Figuring Coil Size and Shellacked Strips 
When Using D.C.C. Square Copper Wire 


No. of Wires 


eit 


Sete ete See Sea portr 


Sec Ti. Tir Ren TEREE 


0 
l 
2 
3 
4 
5 
6 
7 
8 
9 
0 
i 
2 
3 


— 


TR TN N ＋ TTA TK 
7 


i BIRTE Nr * 


i TEENE Chae 


shoe RTL PRERE See 
— æ Å —— — 8 — NNW 


TR TRT BEE” ERE 


— am m = — — 8888 fe Ww w Ld 
n ms m ome —=—N NA NULUA 


Tr rr rr. 1 z. 


meee = 8 UU 
— aus amt exe ome 28888 ad Wd Wd a T S 


= NTT Tr TETTEIT 


The first column gives the B & S Gage, the top line gives the number of wires wide and under each number of wires wide is given the width in decimals 
= Fraction. 


and the nearest smaller fraction. D= Decimal. 
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based on the B & S round wire gage. 
As can be seen, the thickness is 
given as .051 in., .057 in., .064 in., 
which corresponds to Nos. 16, 15, 14, 
round wire and the smallest width is 
given as .072 in., .081 in., .091 in., 
and so on. 

Table IV is also useful in substi- 
tuting a ribbon wire for a number 
of round wires in parallel. For ex- 
ample, consider a puller coil wound 
with six turns of four No. 15 d.c.c. 
round wires in parallel, this coil be- 
ing wound in layers and used in the 
stator winding of an induction motor. 
As will be noted this is a hard coil 
to wind, as the wires are small and 
will not hold together. By consult- 
ing Table IV, locate the thickness 
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.057 corresponding to No. 15 round 
wire and find a width equal to four 
No. .057 wires, or .228 in. The near- 
est size from Table IV is .057 in. by 
204 in. The circ.mil area of one 
No. 15 is 3,257 cire.mils (see Table 
IV, August issue, page 366). Then 
four No. 15 wires equal 4 X 3,257 
or 13,028 circ.mils. The area of one 
.057-in. x .204-in. ribbon wire is 
14,100 cire.mils which is a gain in 
copper, and also a gain in room, as 
the insulated diameter of one No. 15 
wire is .0661 in., and the width of the 
four (Table I) gives .264 in. The 
insulated width of the ribbon (Table 
IV) is .16 in. or a gain of (.264 in. 
— .216 in.) equals .048 in., which can 
be used for better insulation and a 
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smaller coil, as the winding angle of 
the coil ends could be decreased. 

From the above it is obvious that 
by a careful checking of these wire 
tables and the proper selection of 
wire sizes, a considerable saving can 
be made in almost any coil, and not 
only a cheaper and quicker job made 
possible, but a better coil construc- 
tion as well. 

Table V gives the sizes of bare, 
soft-drawn copper strap used in coil 
construction or busbar work. 

Table VI gives the weights, re- 
sistances, etc. for single- and double- 
cotton-covered magnet wire. 

As already mentioned, double-cot- 
ton-covered wire has the widest 
range of use in the rebuilding of 


Table IV—Winding Data for D.C. C. Copper Ribbon Wire 


Horizontal lines separate equivalent B. & S. gage sizes for round wire. 


Size 
Bare Insulated 
Thickness | Width | Thickness | Width 
0.0126 | 0.1875 0.0295 0.2015 
0126 2500 0295 2045 
0159 4870 0330 2015 
"0159 ` 2500 "0330 2643 
777... LS E ON 
0160 238 035 270 
020 250 037 265 
"020 258 039 "270 
025 250 043 264 
025 258 043 270 
"025 365 045 377 
0285 120 045 133 
02835 150 "045 "164 
"0285 207 0⁴⁵ "221 
032 102 047 112 
032 129 048 132 
032 182 "049 193 
"032 258 050 270 
032 300 052 377 
032 "375 "052 387 
040 102 035 412 
040 129 030 139 
"040 162 056 173 
040 ` 204 057 "215 
"040 258 058 "270 
"040 325 059 337 
"040 365 000 377 
"040 375 "060 389 
045 091 057 101 
045 429 060 140 
045 144 000 155 
051 072 062 083 
"051 031 062 092 
051 "102 064 113 
051 114 064 125 
"051 129 065 140 
051 462 0⁵ 173 
051 182 066 194 
05 204 066 216 
05¹ 258 067 271 
05¹ 325 067 338 
"051 365 068 378 
057 081 068 092 
057 091 068 102 
"057 114 070 125 
057 129 071 140 
1057 144 07 155 
057 204 072 216 
064 091 075 102 
064 102 077 113 
064 114 077 12⁵ 
064 129 078 14⁰ 
064 144 078 155 
064 162 078 173 
064 182 079 "194 
064 204 "079 216 
064 258 080 271 
064 325 080 338 
064 365 081 378 


; 
Area of Copper Size Area of Copper 
Ciro. ae Bare _| Insulated Cire. 80 15 
Mils Thickness} Width | Thickness | Width Mils 
2,964 0.00233 .072 051 . 083 . 062 3,990 00314 
3,967 00312 . 072 . 09 . 083 . 102 7,660 00602 
— — — — . 072 . 102 085 114 8,670 0068 
3.727 . 00292 072 114 .085 125 9,770 00767 
4,992 .00392 072 129 . 086 . 140 11,100 00875 
$$ ́ œꝶm:ꝛęu; 072 1444 . 086 . 155 12,500 00983 
5,190 . 00407 .072 182 . 087 194 16.000 0126 
— . — — 072 . 204 . 087 216 18,000 0142 
6,288 . 00494 .072 258 . 088 27 23,000 0180 
6,460 . 00507 .072 325 . 088 338 29,100 . 0229 
7,909 006212 081 051 .092 062 4,580 . 0036 
8,040 . 00632 081 057 092 . 068 5,200 00408 
11,400 . 00899 | 081 102 004 114 9,840 00773 
— —ÜũVñ2̃ — . 08) 114 .094 126 11,100 00870 
4,133 . 00325 081 129 . 095 141 12,600 00991 
5,222 00410 081 144 . 005 156 14,200 0111 
7.29 00573 081 162 . 095 175 16.000 0126 
— a3 081 182 096 195 18.000 0142 
3,880 00304 . 08! 204 096 217 20,400 0160 
4,980 00391 . 081 258 . 097 272 25,900 0204 
7,140 00560 081 325 098 339 32,800 .0258 
10,200 00804 — | ee _-\y . —äüäq' — ——j— ä —ę—ö 
14,600 0015 .091 045 101 057 4,660 00366 
14,999 01178 091 057 . 102 . 068 5,920 00465 
— — 091 064 102 075 6,730 00529 
4,760 00374 .091 072 102 083 7,660 00602 
6,130 00482 .091 102 104 115 11,100 00875 
7,810 „ 00614 09 114 . 104 126 12,500 00984 
9,950 00782 . 091 129 105 14] 14,300 0112 
12,700 00998 .091 144 105 156 16.000 0126 
16,100 0127 .091 162 . 105 175 18,000 0142 
18,200 0143 .091 182 .106 195 20,400 0160 
18,798 01476 .091 204 . 106 .217 23,000 0180 
PEE 001 229 . 106 242 25,900 .0203 
4,660 00366 .091 258 . 107 272 29,206 .0229 
6,840 00537 .091 325 108 339 37,000 .0290 
7,700 00605 .091 410 109 424 46,900 . 0268 
3,990 00314 . 102 032 . 112 047 3.880 00304 
4.580 00360 . 102 040 . 112 055 4,760 . 00374 
5,940 00467 . 102 051 113 064 3.940 . 00467 
6.720 00528 . 102 064 . 113 077 7.630 . 00599 
7,690 00604 . 102 072 . 114 085 8,670 . 00681 
9,840 00773 . 102 08! . 114 094 9.840 . 00773 
11,100 00875 . 102 091 115 104 11,100 . 00875 
12,600 00987 . 102 114 . 115 127 14,100 0111 
16. 100 0126 . 102 129 116 142 16,100 0126 
20,400 0160 . 102 144 . 116 | . 157 18,000 0142 
23,000 0181 . 102 162 117 176 20,400 0160 
— — — — — . 102 182 . 118 196 23,000 0180 
5,200 00408 . 102 . 204 118 218 25,800 .0203 
5,920 00465 . 102 . 258 119 273 32,800 .0258 
7,590 00596 102 325 . 120 340 41,500 . 0326 
8,680 00682 — — —ääGäũ | 
9,770 00767 114 051 125 064 6,720 00528 
14,100 0111 114 057 125 070 7.590 00596 
—— ä— — 114 064 . 125 077 8,610 00676 
6,730 00529 114 072 . 125 085 9,770 00767 
7,630 00599 . 114 081 . 126 094 11,100 00870 
8,610 00676 114 091 . 126 104 12,500 00984 
9,830 00772 114 102 127 115 14,100 „OIII 
11,000 00868 .114 129 . 130 144 17.700 0139 
12,500 00983 . 114 144 . 130 139 19,900 0156 
14,100 0111 114 162 131 . 178 22,500 0176 
15,900 0125 114 . 182 . 132 198 25,400 0199 
20,300 0160 114 . 204 . 132 . 220 28.600 . 0224 
25,800 0203 „114 229 . 132 . 245 32,200 0253 
29,100 0228 114 258 . 133 275 36,400 0266 
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electrical machinery. A stock of 
sizes from and including Nos. 18 to 
5 is required, the most popular sizes 
being Nos. 18, 17, 16, 15, 14, 13, 12, 
11, 10, and 9. Also, a stock of d.c.c. 
square wire in the sizes Nos. 13, 12, 
11, 10 and 9 can frequently be used. 

The cotton covering used on copper 
magnet wire is highly hygroscopic 
and will absorb from 5 to 8 per cent 
of its own weight of moisture when 
exposed to ordinary shop air. For 
this reason, it is considered good 
practice to bake any apparatus 
wound with untreated cotton-covered 
wire for a sufficient period to dry 
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out the moisture and then to dip or 
immerse the complete apparatus 
while hot in a good baking varnish. 
Untreated cotton covering on wire 
will start to turn yellow and carbon- 
ize at a temperature of 175 deg. C., 
and at 225 deg. C. carbonization will 
be complete. Therefore, the highest 
safe continuous temperature for 
baking cotton-covered wire is 95 deg. 
C., which is equal to 203 deg. F. 
On an average, untreated, double- 
cotton covering between two layers 
of wire wound on a mandrel will 
puncture between 1,150 to 1,200 
volts, at 60 cycles. However, this 
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statement should not be taken to 
mean that a coil should be con- 
structed with untreated or unrein- 
forced double-cotton-covered wire 
when the voltage between layers or 
turns is above 25 volts. 

As a general rule, if the voltage 
between turns or layers is above 25 
volts, use extra insulation at points 
where there is any mechanical pres- 
sure exerted between adjacent wires. 
Field or magnet coils having a large 
number of turns and using No. 18 
and smaller sizes of wire can be 
wound hit-and-miss; that is, not in 
layers. Armature coils for d.c. and 


Table IV—Winding Data for D.C.C. Copper Ribbon Wire 


(Continued from page 417) 


r 


Horizontal lines separate equivalent B. & S. sizes for round wire. 


Size 
Bare Insulated 
Thickness Width Thickness Width 
114 . 289 . 133 
114 325 . 134 
114 410 . 135 
. 129 .032 139 
129 040 . 139 
. 129 .045 . 140 
.129 .051 .140 
.129 057 . 140 
. 429 064 140 
. 129 072 . 140 
.129 081 141 
129 091 . 14) 
. 129 102 . 142 
129 114 144 
. 129 162 147 
129 182 148 
. 129 204 148 
429 229 148 
. 129 258 149 
. 129 325 .150 
. 129 410 131 
. 144 045 155 : 
. 144 057 155 .071 
144 064 155 .078 
. 144 072 155 .086 
. 144 081 .156 .095 
. 144 091 . 156 
. 144 102 .157 
. 144 114 159 
. 144 182 .163 . 200 
. 144 204 . 163 .222 
. 144 258 . 165 270 
. 144 289 .165 307 
144 325 . 166 344 
. 162 040 173 056 
. 162 05] 173 065 
. 162 064 .173 .078 
. 162 .081 175 . 095 
. 162 091 175 1405 
. 162 . 102 .176 117 
. 162 114 . 178 131 
. 162 . 129 .179 .147 
. 162 . 204 . 182 223 
162 258 . 184 278 
. 162 325 185 345 
. 162 . 365 . 186 . 385 
8. .182 . 032 . 193 040 
. 182 051 . 194 066 
182 064 494 070 
. 182 072 194 087 
. 182 081 495 . 096 
. 182 091 495 . 106 
. 182 . 102 196 118 
. 182 114 198 . 132 
. 182 129 1499 148 
. 182 1444 200 . 163 
. 182 2209 202 248 
182 289 . 204 310 
. 182 325 205 346 
. 182 . 365 206 386 
204 040 215 057 
204 051 216 006 
. 204 057 216 072 
. 204 . 064 216 079 
204 072 210 087 
204 081 217 096 
204 00 217 106 
204 . 102 218 118 


Area of Copper Size 


Area of Copper 


Bare Insulated Cire 
8d. In. — m] ic Sa. In 
Thickness Width Tnickness Width areas 
. 0321 204 114 28,600 .0224 
. 0302 204 129 32.500 0225 
.0459 204 144 36,400 0286 
— — — — 204 162 41.000 0322 
. 0039 204 . 258 64,600 0507 
.00482 204 .325 82,000 0644 
.00537 
.00604 229 .091 25,900 0203 
00682 229 114 32,200 .0253 
00772 229 . 129 36,600 .0287 
00875 229 . 182 50,700 0398 
9 2209 . 289 79,900 0628 
0126 5,190 00407 
0139 6,460 00507 
.020] 8,040 00632 
0227 10.200 00804 
0255 12.700 00998 
. 0287 16,100 0126 
. 0325 20,300 0160 
0411 23.000 0180 
0521 25.000 0204 
<< 29,200 .0229 
00605 32,800 0258 
00767 36,400 . 0286 
00868 41,300 0325 
00983 46,300 . 0363 
0111 32.200 0410 
0126 64. 00 0507 
0142 116,000 0908 
.0156 
.0254 0321 
. 0286 0408 
. 0363 0507 
0408 0628 
0460 
0127 
00614 20. 400 0160 
00773 25.800 .0203 
00983 29,100 0220 
0126 32.800 . 0258 
0142 37,000 0290 
0160 41.500 0326 
0176 46,100 . 0362 
0201 52. 300 0411 
0254 58,500 0460 
0322 66,000 0518 
0518 72.000 0573 
0583 82,000 0644 
00560 11,400 00899 
00875 14,600 0115 
0111 18.200 0143 
0126 23.000 0181 
0142 29,100 0228 
0160 37.000 0290 
0180 74.200 0583 
.0199 82,200 0645 
0227 116.000 0908 
0254 „57))P ß. —— —— rr 8 
. 0398 46.900 0368 
0507 58.500 0459 
9573 66.300 0521 
0645 
99385 Radius of Corners 
011 NOTE: The thickness of bare rib- ou rer ee 
Hae bon wire in this table corresponds and under thickness 
0160 to B & S gage round wire. Weight  .@51-.105 in. 025 in. 
S 106.165 in. -031 in. 
0180 of copper per cubic inch = .321 1b. 166.225 in 041 in 
0203 226-438 in. 06 3 in. 
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a.c. machines can be wound mush, or 
hit-and-miss, up to and including 
No. 14 wire for 110- and 220-volt 
motors. 

The heat-resisting properties of 
cotton-covered wires can be greatly 
increased by treating the coils with 
Liquid Bakelite. Dip armature coils, 
and paint each and every layer of 
field coils with this varnish and the 
Bakelite, when baked, makes the coil 
hard and solid and improves the heat- 
radiating qualities. Trip coils, 
blowout coils, and other small mag- 
net coils that heat up in service and 
burn out can be made to stay put by 
the above simple method. 

Field coils that are wound with 
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Table V—Winding Data for Bare (Soft Drawn) 
Strap Copper Wire 


Horizontal lines indicate equivalent B. & S. gage sizes for round wire 


Size 


Thickness 


OOOO! VUMNMMANNNA | Aada 


* * . . . . . „ . . 
— — ame a a owe — oe oe Oo — 


— = — — 
www | 222888888888 


ARD | Dada 


. ee «© oè 
— — — — 


Width 


Radius of corners same as for ribbon wire—See Table IV. 
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Fig. 1—This diagram shows why 
care must be used when winding 
coils with square wire. 


Each side of a j-in. square wire is 
equal to the diameter of a 3- in round 
wire, but the diagonal dimension of a 
-in. square wire is 0.707 in., as shown 
in A and B. C shows what happens 
when square wires are not kept flat 
when winding coils: the insulation is 
likely to be damaged and the width 
and depth of the coils will be in- 
creased. D indicates the conditions 
when an attempt is made to put a 
twisted square wire into a slot. 


round wires and run hot can be im- 
proved by rewinding them with the 
next smallest size square wire and 
treating with Bakelite. The square 
wire will make the over-all size of 
the coil smaller, reduce the resist- 
ance and the IR losses and improve 
the job in general. 

Single-Cotton and Enamel-Cov- 
ered Wires. — Single cotton and 
enamel is the next important cover- 
ing for wires and is the enameled 
wire already mentioned with one re- 
inforcing layer of cotton. 

This wire finds quite a large range 
of use for the running or main wind- 
ings of single-phase motors and is 
safe to use for any mush-wound coil 
in an a.c. or d.c. field, rotor or stator. 
In fact, any repair shop would be 
taking a step in the right direction 
to replace the double-cotton covering 
on bare wire used in mush-wound 
coils with this single-cotton and 
enamel-covered wire. The stock sizes 
should be Nos. 20, 19, 18, 17, 16, 15, 
and 14. 

This wire has all the good features 
of the enameled wire, with the ad- 
vantage of the cotton covering acting 
as a cushion and protection. Also, 
when the complete apparatus is 
dipped, the added varnish film im- 
proves the insulating properties. 

The results of a test between 
double - cotton - covered wire and 
single cotton and enameled wire will 
indicate the benefits in using the 
latter for mush-coil jobs. The test 
consisted of winding on elayer on a 
-in. metal mandrel and testing be- 
tween layers. 

The results showed that one layer 
of double-cotton- covered wire will 
stand, on an average, 570 volts to 
ground and that single- cotton and 
enameled wire in one layer will stand 
on an average 770 volts to ground. 
The second test showed that double- 
cotton between layers will stand 
1,100 volts and single-cotton and 
enamel, 1,900 volts. These tests 
were made with a 5-kw. transformer, 
60 cycles, 110 volts on the primary 
line. 

Table VII gives the weights, etc., 
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Table VI—Dimensions, Weight and Resistance of Single- and 
Double-Cotton Covered Round Magnet Wire 


Feet per Pound 
Double 


Diameter 
Bare Wire 
in Inches 


B. & S. 


Gage Single 


Se 
wuwu OSDO 


Pounds per 1,000 Feet 


- Single 


Ohms per Pound 


Double 
c.c. 


Single 
c.c. 


Auen ANHWOW AWAR OS 
NO 


O 0 O N e—a 


6. 
2. 
0. 
8. 
6. 
5. 
4. 
3. 
2. 
2. 


COON NSW — 


“Single e. e.“ = single-cotton covering: Double c.c." = double-cotton covering. 


of single- and double-cotton-covered 
and enameled magnet wire. By com- 
paring columns 7 and 8 of Table IV 
(August issue, page 366) it will be 
noticed that the insulated size of 
single-cotton and  enamel-covered 


Table VII—Dimensions, Weight and Resistance of Single- and 
Double-Cotton Covered Enameled Magnet Wire 


Diameter Feet per Pound [Pounds per 1,000 Feet Ohms per Pound 
B. & S. Bare Wire — ——ä—äßä4ͤ— V' d 
Gage in Inches S. C.-En. D. C.-En. | S.C.-En. | D.C.-En. S. C.-En. D. C.-En. 
8 1280 19.7 19.4 50.7 51.5 0124 0122 
9 1144 24.7 24.2 40.5 41.3 0195 0191 
10 1018 31.0 30.4 32.3 32.9 . 0309 0303 
11 0907 39.2 38.2 25.5 26.2 0492 0480 
12 0808 49. 3 48. 0 20. 3 20. 8 . 0783 0761 
13 0719 62.0 60.3 16.1 16.6 124 121 
14 0641 | 78.1 75.8 2.8 13.2 . 197 . 191 
15 0571 93.3 95.2 10.2 10. 5 312 . 302 
16 0508 124. 118. 8. 06 8. 48 . 497 . 473 
17 . 0453 156. 150. 6.41 6.67 789 . 759 
18 . 0403 194. 187. 5.15 5.35 1.24 1.19 
19 . 0359 245. 234. 4.08 4.27 1. 97 1. 88 
20 . 0320 307. 291. 3. 20 3.44 3.12 2.95 
21 . 0285 385. 362. 2. 60 2. 76 4.91 4.62 
22 0253 481. 449. 2.08 2.23 7.76 7.25 
23 .0226 601. 555. 1. 66 1. 80 12.2 11.3 
24 020 750. 684. 1.33 1. 46 19.2 17.3 
25 0179 936. 842. 1.07 1.19 30.2 27.2 
26 0159 1,170. 1,040. 855 961 47.7 42.3 
27 . 0142 1.450. 1.270. 690 788 74.5 65.2 
28 0126 1,810 1,550. .552 645 117. 100. 
29 0113 2.240. 1.880. . 446 532 183. 154. 
30 .0100 2,780. 2,280. . 360 438 286. 235. 
31 .0089 3,440. 2,720. .291 368 447. 353. 
32 0079 4.240 3.240 . 236 . 309 695. 531. 
33 . 0071 5,200. 3,820. . 192 . 262 1,070. 789. 
34 . 0063 6,380. 4,460. . 157 .224 1,660. 1,160. 
35 .0056 7,810. 5,140. . 128 . 195 2.560 1,690. 
36 .005 9,540. 5,850. . 105 171 3,950 2,420 
37 . 0044 11,600. 6,530. . 0862 153 6,060 3,410 
38 . 0040 14,000. 7,020. 0715 143 9,220 4,620 


8.C.-En. = gsingle-cotton covering and enamel; 


wire is smaller than the correspond- 
ing B & S gage size of double-cotton- 
covered wire, thus resulting in a 
better space factor and easier wind- 
ing job. 

Double-Cotton-Covered and Enam- 


D.C.-En. = double-cotton covering and enamel. 
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eled Wire.—Next in line of im- 
portance as a wire insulation, is the 
double-cotton and enamel covering. 
This wire requires more room than 
either the double-cotton or single- 
cotton and enameled wire, but has a 
higher breakdown voltage, the single 
layer standing on an average 1,200 
volts and a voltage between layers 
of 4,000 volts. This is a good wire 
to use for jobs where the voltage be- 
tween turns or layers is high, as in 
induction regulators and transform- 
ers, but for general use, the room 
required is too great and its cost is 
higher. 

It might be of interest to note that 
two layers of double-cotton and 
enameled, gum-treated wire have 
stood as high as 15,000 volts between 
layers on a mandrel test. 

Another article will deal with 
special insulation for limited space 
and high temperature conditions. 


Lubrication of 


Cranes and Hoists 
_ (Continued from page 408) 


and the other on the trolley. Pressure 
up to 30 lb. per sq. in. is applied at the 
bearings. By means of rubber hose 
and pipe fittings, the grease is dis- 
tributed to all bearings except those 
on the motor. 

Grease is supplied weekly to the 
crane operator by the Maintenance 
Department, so that none is left 
around the crane to be wasted or be- 
come dirty. The operator screws up on 
the gun every day. A saving of ap- 
proximately $250 per year per crane 
has been effected by this means, it 
is estimated by the user. This is 
the result of less grease consumption 
and the fact that the crane and 
operator are subject to less lost time 
than when the old, hand grease cups 
were in use. Also, fewer burned- 
out bearings result from new oper- 
ators not finding the location of the 
grease cups. 

The gears on the trolley are fre- 
quently enclosed in a gear case and 
run in oil, as shown in one of 
the accompanying illustrations. For 
such installations the manufacturer 
of the crane usually recommends one 
of the standard gear case oils. One 
rianufacturer recommends that for 
winter service on outside cranes this 
oil be thinned by the addition of 50 
per cent of machine oil. Manufac- 
turers of lubricants will supply oils 
for such outside service in winter 


(Please turn to page 435) 
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Today 
We Think 
But Next Year 
We Know 


when pushing into new 
ground and spending 
money on today’s concep- 
tion of the return it will 
be capable of earning. 


BELIEVE that most of us have 

a pictorial memory: that is to say, 
we hold in our mind impressions of 
things as we see them most fre- 
quently. For this reason stages of 
progress in our work or improve- 
ments in the methods we employ are 
compared as advances from week to 
week or from year to year. Because 
of this we sometimes need to go back 
into the musty pages of history in 
order to get a true perspective of 
just what we have accomplished as in- 
dividuals, and as a nation, over a pe- 
riod of a half century or so. This is 
true of advancement along any line, 
whether it be art, music, warfare or 
what not, but particularly is it true 
of electrical engineering which, in 
its practical application, does not 
cover much of a period of time as 
civilization measures it. 

All of this leads up to the reason 
for calling your attention to the ac- 
companying photo taken in the 
Pueblo plant of the Colorado Fuel 
and Iron Company. It shows what 
one type of motor control for the 
tables of a 36-in. blooming mill 
looked like just 16 years ago, in the 
early days of electric drive in steel 
mills. 

Today the control that is made in 
the same factory does not look much 
like this, but the knowledge and con- 
fidence that was wrapped up in it is 
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indicated by the service it has per- 
formed for a period that nowadays 
could well be considered its useful 
life. Here is part of a comment that 
I have received on this noteworthy 
installation: 


If you are acquainted with steel mill 
practice, you will understand that the 
roll tables, which are operated through 
this old controller, handle the ingot as 
it passes back and forth between the 
rolls while the ingot is being reduced to 
a bloom of the desired size. The roll 
tables are reversed several times dur- 
ing the rolling of the ingot to a bloom, 
the actual number depending on the size 
of the ingot and the skill of the oper- 
ator in charge. 

It is estimated that nearly one and 
three-quarter million ingots have been 
rolled between May 1, 1910 and the 
present time. At this figure the total 
number of reversals of the motors on 
these roll tables handled through this 
control board have exceeded 31,000,000. 
Quite evidently old age has not crippled 
this old-timer, for the failure of the 
controller would cause a mill delay and 
trouble of this nature is practically 
unknown here. 


And so it goes. Today we cudgel 
our brains for ideas to improve 
methods and save time and money 
in a particular operation, sometimes 
stumbling onto ideas that give im- 
mediate results, but more often it 
requires some years to determine the 
exact value of the effort. Right 
here I might drop this suggestion— 
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when the cost of a job is being con- 
sidered and an appropriation is asked 
for, think first about the value of 


the results and then pick and choose 


with equal care the equipment that 
will measure up to the best ideas you 
now have. 

In years to come the first cost will 
look small beside the saving and im- 
provement you will be able to show. 
In too many cases a good idea has 
been spoiled by the handicaps of 
cutting the pattern to suit the cloth, 
which means spending $500 on a 
$10,000 idea. If you are convinced 
that the idea will produce a 20 per 
cent return annually and thus pay 
for its execution in not more than 5 
years, then get that return by in- 
stalling equipment that measures up 
to the degree of confidence you have 
in your ideas and yourself. Any- 
thing short of this is expensive to 
your company and unfair to yourself. 
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Artificial Light of Daylight Quality 
Has Many Uses in Industry 


OR ages artificial light sources were so feeble and 

inefficient that mankind had to be satisfied with the 
quality of the light without attempting to alter it. The 
advances in the efficiency of light production during 
the past score of years have made it possible not 
only to distribute the light where desired, but also to 
alter it to the desired quality or color value. In gen- 
eral, daylight quality is the most suitable for vision. 
Our eyes evolved under it, and it is not surprising 
that our eyes are best adapted to it. When color dis- 
crimination is important it cannot be denied that day- 
light quality is best. Color is in the light and not in 
the object. A colored surface appears colored because 
it has the property of absorbing radiations of certain 
wavelengths and reflecting (or transmitting) the 
remainder. Thus, if we take visible radiations of cer- 
tain wavelengths away from white light the remaining 
light is colored, the exact color depending upon the 
wavelengths remaining. 

Artificial daylight is now available for accurate color 
discrimination and tungsten “daylight” lamps provide 
light of approximately daylight quality for more gen- 
eral use. We depend upon color vision much more than 
we realize and, in the industries, light that approaches 
daylight quality is helpful in most places, although this 
is not generally recognized. Experiments also indicate 
that approximate daylight quality is somewhat “vasier 
on the eyes” than is ordinary artificial light. There 
is an increasing sentiment toward the use of these 
lamps for inspection work, owing to the results now 
being obtained in many classes of inspection even where 
color is a seemingly minor factor. Tungsten “daylight” 
lamps for general lighting, and accurate, color-discrim- 
ination units for special lighting, are profitable tools 
in many places. 


Is Your Material-Handling Equipment 
Getting Proper Lubrication? 

LTHOUGH operation routine usually provides a 
regular schedule for the lubrication of production 
machinery, some types of equipment found in many 
industrial plants are often neglected. Of this class, 
material-handling equipment probably suffers the most. 
In many cases such equipment is used irregularly, and 
generally at a low bearing-surface speed. Cranes and 
conveyors, particularly, are often located in almost 
maccessible places where oiling is a hazardous opera- 
tion, and accidents are likely to be serious. In such 
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cases the oiler can hardly be blamed for occasionally 
“missing” some of the least accessible bearings. 

Also, there is a general belief that bearings which 
operate at low speed, such as on conveyors, do not need 
much attention and as a result they get but little. 
Here, the effects of neglecting lubrication, such as worn 
or frozen bearings, will probably be slow in appearing, 
but they are almost inevitable, especially if the equip- 
ment is operating in dusty or dirty surroundings. Hot 
conveyor bearings, which were due to neglect of lubri- 
cation, have been known to start fires and cause explo- 
sions in elevators and mills which generate an explo- 
sive dust. 

There are numerous methods of making the lubrica- 
tion of such equipment not only easier, and so more 
likely to be taken care of regularly, but also less 
bazardous to the oiler. Some of these methods depend 
upon the design of the bearings; others depend upon 
the method of applying the lubricant which, of course, 
should in all cases be of the proper consistency for the 
bearing and the operating conditions. 

The article entitled Problems in the Lubrication of 
Hoists and Traveling Cranes,” which begins on page 406 
of this issue, may serve to show how you can obtain 
better service from your material-handling equipment at 
lower operating and maintenance costs, and reduce the 
accident hazards to the men who have to lubricate it. 


Reducing Amount of Supplies in Stock 
Will Lower Operating Costs 


M" of what has been accomplished in the way of 
eliminating waste by reducing the number and 
variety of stock sizes of various commodities, is a mat- 
ter of common knowledge. This important work is 
being carried on under the joint auspices of the Divi- 
sion of Simplified Practice of the Department of Com- 
merce, and the National Committee on Metals Utiliza- 
tion, under the direction of Secretary Hoover, in 
co-operation with trade associations, manufacturers and 
others connected with the industry in question. Up to 
the present time between 50 and 60 items have been 
studied and recommendations prepared covering them. 

The manufacturers of carbon brushes and brush 
shunts have long realized that they are spreading their 
production and investment over a range of sizes that 
are legion in number. The distributors of brushes have 
had to carry large stocks so as to meet every possible 
demand, when the bulk of normal requirements could 
be adequately satisfied with fewer variations in sizes 
and dimensions. The consequent confusion of choice 
has affected the manufacturers of brush-holders, which 
are an item of supreme importance in the design of 
motors and generators destined for a myriad number of 
uses. Whenever a new size of brush has appeared on 
the market the manufacturers of brush-holders have 
had to increase the variety of their product, while the 
producers of brushes have found themselves similarly 
influenced by the growing list of holder sizes. The 
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user of such equipment has found himself in the center 
of a vicious circle, sharing its cost and disadvantages. 

At the request of The Electric Power Club, the Divi- 
sion of Simplified Practice invited representative manu- 
facturers, distributors and users of carbon brushes to 
meet in Washington a few weeks ago and discuss the 
tentative recommendations covering carbon brushes and 
brush shunts, which had been proposed by this organi- 
zation. Except for a few minor changes, these recom- 
mendations were approved by the conference as 
originally submitted, to become effective November 1. 

Marked savings have been made possible for both 
manufacturers and users by the application of the prin- 
ciples of simplified practice to a number of commodities, 
and there is every reason to feel that these principles 
can be applied with equal success to the manufacture 
and use of carbon brushes and brush shunts. A reduc- 
tion in the number of sizes and types should lower 
manufacturing costs as well as operating and mainte- 
nance charges by reducing the capital tied up in stock. 

Any movement which will accomplish these very 
desirable ends is worthy of strong support on the part 
of every operating executive. 


Poor Work and Shirked Responsibility 


Cannot Be Covered Up Forever 

BOUT 3,000 years ago a workman in a tomb of one 

of the ancient rulers of Egypt brushed some shav- 

ings and débris of his task in an out-of-the-way corner, 

probably saying to himself, What's the difference; it 

will never be seen.” Recent: explorers in these ancient 

tombs brought to light the fact that this man was 
remiss in his responsibilities. | 

Many times in maintenance activities, a workman, 
particularly if he is on the job alone, is tempted to 
let something go partially finished when he feels that 
there is little likelihood that the evidence of his neglect 
will ever be discovered in such a way, or soon enough, 
for the responsibility to be placed upon him. A scratch 
or burr on a shaft inside of a bearing does not show, 
but sooner or later when that bearing begins to run 
hot, the imperfect workmanship will be discovered, and 
in all likelihood this will happen within a few days 
or hours, instead of centuries, as was the case with 
this Egyptian workman. 

Nor are the opportunity and temptation to be care- 
less confined to those in the ranks. Every executive in 
an organization, from the President to the youngest 
foreman, has plenty of chances to slight his work. 
Probably only he knows how often he fails to handle 
a job to the full measure of his ability. Nevertheless, 
there is certain to be a day of reckoning: carelessness 
and failure to realize the importance of doing one’s best 
at all times, are sure to be recognized eventually. and 
they exact a penalty that must be paid. 

When the time for promotion comes along the slip- 
shod, careless fellow, who takes the path of least resist- 
ance, is pretty likely to be passed by. 
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Thinking Up Good Ideas Is the Job of 
Everyone on the Force 


NE of the first essentials of a truly successful 

organization is that the subordinates in it dis- 
play considerable initiative, not only in the execution 
of their own work, but in the planning of new work 
that is to be done by the organization. Developing 
initiative in his subordinates should be the self-imposed 
task of every good executive. 

A large, commercial electric repair shop in Detroit, 
is an example of how this has been successfully worked 
out. This shop is operated by a force of about 50 men, 
each one of whom is an enthusiastic believer in what 
the firm can do. The shop has had a very successful 
and prosperous career, most of which is due to the 
personnel. 

Many new ideas have been developed in this shop. 
For example, it was found that stripping the insula- 
tion by hand from the ends of armature coils was too 


‘expensive to be consistent with the cost of making the 


coils. One of the repairmen got the idea that the insula- 
tion could be removed by rotary wire brushes, and the 
result of this good idea was a motor-driven insulation 
stripper. 

A good deal of shaft-pressing was done in the shop; 
so a 150-ton hydraulic jack was purchased. An 
ingenious method of mounting this jack was developed, 
and in addition it was arranged so that it could be 
operated by compressed air in setting up the work. 
This saves much time and makes more accurate 
adjustment possible with less blocking up. The mount- 
ing and the arrangement for using compressed air were 
planned by the shopmen. 7 

One of the foremen designed a dynamometer that 
uses a generator arranged so that both the armature 
and the stator are free to revolve. This device greatly 
simplifies load testing of motors. 

A winder thought of a unique way to make a stand 
on which to wind fractional horsepower motors—a 
stand that would securely hold the stator in any desired 
position. Such a device has shortened the winding 
time considerably. 

The men in this shop are simply bubbling over with 
ideas, and their ideas are worth while. In talking 
with some of them the reason for such an oversupply 
of initiative was discovered: thinking of ideas and 
making them practical is encouraged by the manage- 
ment. The men know that they will be paid for accept- 
able ideas. As a result of the management’s attitude 
new ways and methods of handling the work are every- 
where in evidence. 

All of which brings us back to the fact that no 
executive has a corner on all of the worth-while ideas. 
In fact, there is a fair chance that he has run out of 
ideas and is constantly hoping that some of his subor- 
dinates will bring forth something worth while. The 
one-man organization is on the wane—the man at the 
head of it wears out too rapidly. Think—and then 
develop the ideas that are the result of your thinking. 
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Who Can Answer 
These? 


What Bize of Belt Is Required for This 


Drive?—A 15-hp., 1,750-r.p.m. motor is 


used to drive a unch press. The pulley 
on the motor is 6 in. in diameter and the 
driven pulley is 40 in. in diameter, the 
distance between centers of the motor 
and press pulleys being 15 ft. I wish 
readers would give me some information 
r rding the adaptability of leather 
belts to this drive. Specifically what 
width of leather should be used to give 
the best results? Should this belt be 
single or double-ply? Would you advise 
the use of some other type of belt and 
if so, what kind and why? 

Rockford, III. R. W. A. 


Thawing Frozen Water Pipes. — I should 
like to obtain data for building a trans- 
former drawing about 600 amp. on the 
secondary side, which is to be used for 
thawing out frozen water pipes. The 
transformer is to be used on a 115-volt 
circuit and I shall be grateful if some 
reader will let me know the size of core 
to use, the size of wire, and the number 
of turns on the secondary and primary 
windings. What should the secondary 
voltage be, in order to give the best 
results for my purposes? 

Duluth, Minn. F. G. G. 


What Is Wrong With Thie Exciter?—We 
have a 7i-kw., 125-volt, 60-amp., 1,200- 
r.p.m. exciter that has always given us 
considerable trouble. It sparks badly, 
thereby shortening the life of the brushes 
and of the commutator. Flats appear on 
opposite sides of the commutator and the 
individual bars are badly burned. Chan- 
nels are burned lengthwise in the center 
of the bars to a depth of about Ys in. 
This machine has four poles, the commu- 
tator having 49 bars on the original 
armature, while the spare armature has 
97 bars and 49 coils. Each time we turn 
the commutator we undercut the mica 
and test the armature on a transformer 
or growler. When an armature is re- 
placed in the machine we fit a new set 
of brushes as supplied by the maker of 
the machine, and start it with a normal 
load of 45 amp. It will run well for a 
day or two with scarcely any sparking. 
Then it begins to spark and the com- 
mutator blackens and heats up. I wish 
other readers who have had similar expe- 
rience would tell me how they corrected 
the trouble. 

New Philadelphia, Ohio. R. F. P. 


Trouble from Cable Overheating— In con- 
necting up a turbo- generator rated at 
480 volts, three phase, 60 cycles, 3,000 
amp.. I used five = 1,000,000-circ.mil, 
rubber-covered cables in parallel. Accord- 
ing to the wire table each cable should 
carry 650 amp.; therefore, the six cables 
in parallel should carry a total of 3,900 
amp. The total of 18 cables for the three 
phases run in six conduits, each conduit 
carrying three cables, one from each 
phase. With this arrangement the cables 
heated and I found it necessary to add 
a seventh cable to each phase. This 
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by Readers 


Here is a place where you can get some inside infor- 


mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 
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should give a total carrying capacity of 
4.550 amp. which is 50 ber cent more 
than the rating of the turbo- generator. 
3.000 amp. With the seven cables oper- 
at ing in parallel on each phase there is 
no heating and the cables carry satisfac- 
torily an average load of 3,000 amp. with 
peaks running somewhat over 3,500 amp. 
Can any reader suggest causes why the 
first installation of cables should over- 
heat? Could it be due to inductive 
effects? If so, how could I go about cor- 
recting this trouble? 

Bellingham, Wash. E. M. D. 


Difference Between Star and Delta- Con- 
nected Motor Windings., — Can some 
reader tell me if there is any difference 
in the starting current, torque, power 
factor, and efficiency of a star-connected 
motor winding as compared to a delta- 
connected winding. In each case the mo- 
tors under consideration are of the same 
make, horsepower, and number of coils. 
Why are some motors astar-connected 
while others are delta-connected? Does 
either form of connection have ad- 
vantages over the other? I shall greatly 
appreciate any information that readers 
may give me on this subject. 

Lethbridge, Alberta, Can. W. T. 


Size of Motor Required for Hoist.— Will 
some reader kindly show me how to 
calculate the size of motor required for 
this coal hoist. A three-phase, 40-cycle, 
770-r.p.m. motor is to drive a winding 
drum through two sets of reduction gears, 
as shown in the diagram. Cables from 
the winding drum support two cages 
which counterbalance each other. The 


weight of each cage complete is 1,200 


lb. The cages are to be used for raising 
trucks of coal. Empty trucks weigh 550 
lb. and a truck will carry 850 lb. of coal 
per load. Each trip of the hoist will 
carry up one loaded truck and lower one 
empty truck simultaneously. The dis- 
tance through which the load must be 
hoisted is 270 ft. I should also like to 
know what the power consumption would 
be when raising 15 tons of coal (about 
36 loads) per hour. I shall appreciate it 
if some reader will show me how to 
work out the torque and power diagrams. 
South Shields, Eng. G. B. 


How Many Men Are Required for Main- 
tenance in Thie Plant?—I wish readers 
would tell me how many men we should 
have for carrying on the electrical main- 


tenance and repair work in our power 
house. This plant is a central station 
isolated from other companies and is 
self-dependent. It has five generating 
units: one 20,000 kva., two 6,000 kva., one 
3,500 kva., and one 3,200 kva. There 
are four exciters, two rotary converters, 
and two 550-volt commercial d.c. genera- 
tors. The plant also contains three banks 
of bus tie transformers as well as three 
33,000-volt transformers. There are 121 
motors ranging in size from m to 200 hp. 
at 220 and 2,300 volts, and also a 44-panel 
switchboard with auxillary switchboards 
as needed. This plant has automatic 
control and interlocking systems and is 
modern in every respect. Some of the 
apparatus is three years old. We expect 
to handle all repair work such as wind- 
ing and testing, as well as any new 
installation work that may be required. 
I am chiefly interested in the number of 
men required and the particular work 
that should be assigned to each. Your 
opinions will be very helpful. 

Aurora, III. J. NM. 


Answers Received 
To Questions Asked 


Best Way to Install Ball Bearings in Line- 
shaft Hangers.— We are going to replace 
the split, babbitted, shaft-hanger bear- 
ings on a 2 N in., 72-ft. shaft with new 
ball bearings. The same drop hangers 
are to be used. Two solid pulleys are 
used; the remainder are split, either 
wood or steel. The shafts are connected 
with keyed flange couplings. What is the 
best way to go about making the change? 
Would it be best to let the shaft down 
to the floor, or work overhead? What 
is the easiest way of getting the flanges 
off and on again? Would it be better to 
replace them with compression couplings? 
Syracuse, N. Y. H. L. G. 


The question asked by H. L. G. on 
whether or not to lower the shaft to 
the floor when installing ball-bearing 
hanger boxes depends upon whether the 
couplings can be removed without un- 
due trouble and what machinery or 
other equipment is in the way below. 

Keyed flange couplings are often put 
on in such a manner that the man who 
does the work says, Well, I hope I 
don’t have to take them off.” With the 
shaft badly battered up and the key 
sledged in an inch after it should have 
been left alone, it is a heartbreaking job 
to remove the couplings. In such a 
case, drilling out the key or taking the 
assembled length to a neighboring 
shop, when the plant does not have 
such equipment, to have the couplings 
removed in a hydraulic press, is about 
the only way to strip the line. 

On the other hand, couplings put on 
intelligently present no great difficulty 
in their removal. With such couplings 
more trouble is caused by rust than any 
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other gripping factor. It is suggested 
that the joints be liberally supplied 
with one of the “penetrating oils” that 
are such good looseners of rusty parts; 
this should be done nightly for several 
days before the job is attempted. The 
couplings should then be easily removed. 

All couplings should be provided with 
two tapped holes for removing, but if 
there are none, a puller can be used 
instead. A simple puller which is 
light enough to be handled easily may 
be made for the job, if no other is 
available, from a piece of 3x2-in., or 
heavier, steel of thg form shown in 
one of the accompanying illustrations 
and to fit the style of coupling used. In 
using a puller, if the coupling does not 
move with moderate screw pressure, it 
can be started by driving on the hub 
at the back with a bar between the 
hammer and the hub to prevent bruis- 
ing the coupling. Usually, only one 
blow is required to break the grip and 
then the piece comes off readily enough. 

Changing . couplings and bearings is 
something like painting, in that it is 
easy to do in an empty building but 
when it has to be done in a building 
that has machinery or other equipment 
and stock underneath, it is attended 
with considerable difficulty. When such 
is the case the writer prefers to make 
the bearing change in the air. Also, if 
the shaft is kept overhead by the 
proper type of retainers there is not the 
risk of a length of shaft getting away 
and plunging into a machine or valu- 
able stock, as is the case when the shaft 
is taken down. Likewise, the job of 
lowering and raising again lengths of 
shaft, often weighing 600 1b., besides 
pulleys, is avoided. Ordinarily few 
belts have to be taken off. Some 
pulleys must be removed, of course, but 
by working from both ends of the shaft 
it is seldom necessary to take off all of 
them. 

To do the work in the air, two or 
more slings are required. These, and 
the puller mentioned before, are simple 
pieces for a blacksmith to make. Their 
cost is trifling, as compared with the 
saving effected, and they can be turned 
to other uses when the job is done. 
They have to be prepared in advance; 
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Flange coupling- p 


A simple and easily constructed 
coupling puller which is light 
enough for use on overhead work. 


the location must be measured up and 
the slings made to suit. 

Three types of slings are shown in 
the accompanying group illustration. 
Slings of the type designated as A are 
used where holes can be bored through 
the floor above. When this loop-shaped 
sling is thrust up through the floor, a 
steel plate is slipped over each end 
before the nut is put on. At B is shown 
a sling that is meant to be lagscrewed 
to the side of overhead beams. Where 
columns of structural steel or wood are 
close to the line of shafting, the type 
of clamp shown at C supplies an easy 
method of supporting a shaft. The 
type of sling required depends upon the 
construction of the building. If the 
building is of steel and concrete con- 
struction, it will be necessary to provide 
means for attaching the slings. 

With drop-bottom hangers, the slings 
must be erected so that their horizontal 
run is about 6 in. below the end of the 
hanger after the cap is taken off. Some 


Three types of slings for support- 
ing shafting while changing to ball- 
bearing hanger boxes. 


The type of sling shown at A is used 
where it is possible to bore holes 
through the floor above. Sling B is 
lagscrewed to the ceiling beams. Sling 
C is clamped to steel columns or wood 
posts. These slings are made to meas- 
ure and erected before the shaft is 
loosened. Frequently the construction 
of the building requires some modifi- 
cation of these slings. 
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designs of ball bearings will require 
more drop, and others, less. The 
simplest method of holding up the 
weight of the shaft while the bottom 
of the hanger is being taken off is to 
have a man below holding it up with a 
rope passed over some member above 
the shaft level. Sometimes it is neces- 
sary to erect a sheave wheel or screw 
a hook into a beam or some other part 
of the structure for the rope to pass 
over. Often the design of the hanger 
is such that a rope can be passed 
over it. 

Horses or ladders have to be used 
and with them it is often possible for 
helpers to take the weight of the shaft 
while the mechanic removes the hanger 
cap. The slings have been put up be- 
fore the caps are taken off, of course. 

For heavier shafts, the writer has 
found that the portable floor crane 
enables only two men to proceed very 
fast with a shaft job. If the crane is 
not heavy enough of itself, weights 
are added so that its chain (or cable) 
can be carried upward and over a 
sheave erected above the shaft; the 
winch on the crane is then used for 
lowering and raising the shaft. For 
work in rooms with high ceilings the 
length of the chain is increased by 
tying a rope on the end of it. Some 
buildings will permit the use of chain 
hoists, although they are usually use- 
less because of low headroom. 

The writer prefers the compression 
coupling to the usual keyed flange 
couplings, provided they are watched 
for the first few months and taken up, 
as they should be, after settling to the 


work. DONALD A. HAMPSON. 
Plant Superintendent, 

Morgans & Wilcox Mfg. Co., 

Middletown, N. Y. 


* * * * 

Winding Rectangular Wire on Edge. — I 
would like some suggestions from readers 
on how to wind coils, using rectangular 
wire or ribbon. These coils have to be 
wound with the copper on edge. My par- 
ticular problem is the mechanical opera- 
tion of winding the thin copper strips on 
edge without using too elaborate a ma- 
chine. To be specific, I desire to wind 
both a round and an approximately 
square coil, using N in. by 3-in. copper 
ribbon. The diameter of the core of this 
coil should be 1 in. and in the case of 
the square coil, the side should be 1 in. 
I also desire to make up a coil around 
a l-in. core using strip copper 0.01 in. 
by 1 in. 
Bloomington, IIl. A. S. 
In reference to the question of A. S., 

I have never had any actual experience 
with wire coils of the size he has in 
mind, but the following method has 
been satisfactory for winding large, 
oblong coils of copper strip à in. thick 
by 1 in. wide. 

The copper strip is clamped securely 
to the faceplate of a lathe and formed 
about an arbor. A hand tool of conven- 
ient size made of cold-rolled steel of 
suitable thickness and width is used for 
guiding the turns of copper strip. This 
guiding tool has a slot of sufficient size 
to slip over the strip, while the end is 
made in the shape of a hook to fit 
tightly against the arbor. When the 
‘athe is started slowly, the tool is held 
firmly in the hand and the copper is fed 
through against tension. The thickness 
of the slot side next to the faceplate 
may be about xs in. as the coil can be 
easily pressed together after finishing. 

The above method will, of course, 
serve only for round coils. However, 
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square coils can be wound by mounting 
a similar guide in the tool post of the 
lathe, with provision for allowing the 
guide to rock up and down slightly and 
thus follow the slight up and down mo- 
tion of the copper strip. The coil can 
be wound without much trouble if the 
copper is held firmly upright while mak- 
ing the turn. There will be a slight 
widening of the strip on the inner edge 
but this will not be enough to be objec- 
tionable. 

This method of winding round and 
square coils is very simple and if it 


works satisfactorily, as it probably will, 


A. S. will have a means of doing the 
job without an elaborate machine, and 
at a very low cost. J. M. WALSH. 
Ass't Chief Engineer, 


Gurney Elevator Co., 
New York, N. Y. 
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What is the Function of a Reactive Volt- 
Ampere Indicator?—We recently or- 
dered from a meter manufacturer a 
three-phase, switchboard-type watt- 
meter. When the meter arrived at the 
plant it was marked, reactive volt- 
ampere Indicator, instead of watt- 
meter. I wish some of the readers of 
this column would explain the dif- 
ference between these two meters and 
tell me the application and use of the 
reactive volt- ampere meter. Any de- 
tails regarding the use of this meter 
will be very helpful. 

Detroit, Mich. R. J. B. 


R.J.B. states that a reactive volt- 
ampere meter had been shipped him in 
error when he had ordered a wattmeter. 
He asks information regarding the use 
of this meter. 

The reactive volt-ampere meter is 
used to determine the power factor of 
an alternating-current circuit. This 
meter measures the so-called idle or 
reactive component, which is at an 
angle of 90 deg. to the useful, or power 
component, which is known as the watt 
component. 


RATIO OF REACTIVE POWER 

KVA. To Kw. FACTOR 
0.00 1.00 
0.33 95 
0.48 .90 
0.62 85 
0.75 . 80 
0. 88 75 
1.02 70 
1.33 60 
1.73 . 50 


R. J. B. may be interested in knowing 
what use is made of the reactive volt- 
ampere meter in connection with meas- 
urement of power factor. The accom- 
panying table shows two readings, the 
left-hand column being the ratio of the 
reading of the reactive meter to the 
reading of the wattmeter. Correspond- 
ing to the various ratios will be found 
the power factors tabulated in the right- 
hand column. 

For example, if the reading of the re- 
active volt-ampere meter at any time 
is 33 kva. and the corresponding read- 
ing of the wattmeter is 100 kw., then 
the ratio of the first to the second is 
.33 and referring to the table, the power 
factor is 95 per cent. 

It must be understood that this re- 
active volt-ampere meter must be used 
in connection with a suitable trans- 
former in order to displace the angle 
between the current and voltage by 90 
deg. and, therefore, give the reactive or 
idle component of current. i 


JAMES B. HOLSTON. 
Commercial Engineer, 
Wagner Electric Corp, 
Chicago, III. 
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Referring to R.J.B.’s question, the 
function of a reactive volt-ampere meter 
is as follows: A reactive volt-ampere 
meter is a wattmeter so connected in 
the external circuit that it indicates the 
component of the total kva. which sup- 
plies the magnetizing power of the load, 
while a wattmeter indicates the power 
component. This meter measures the 
so-called idle or reactive component, 
which is at an angle of 90 deg. to the 
useful, or power component, which is 
known as the watt component. 

The true relationship of the total 
load with its two components is shown 
by vectors in the accompanying dia- 
gram. In this vector diagram, it can 
be seen that when both types of meters 
are used, the total kva. load of the sys- 
tem can be found by extracting the 
square root of the sum of the squares 
of the two readings. When a reactive 
volt-ampere meter is use instead of a 
wattmeter, and it is desired to deter- 
mine the power factor of the load, the 


Reactive vo/?-omperes 


Watts 


This diagram shows the relations 
existing between reactive kva. kw., 
and kva. and also shows the angle 
by means of which the power factor 
is computed. 


following formula is used: reactive kva. 
+ (volts Xx amp. X V3) = sin 9, in 
which , is the angle of phase dis- 
placement, or the angle between the 
total volt-amperes and the true power 
component in watts as shown. The 
cosine of this angle is the power factor 
of the load. 

The power factor of the load can also 
be determined from the wattmeter and 
kva. meter readings by the following 
formula: tan 6 = watts — reactive 
kva., in which @ is the angle shown in 
the accompanying diagram. Cos 0 equals 
the required power factor. For instance, 
assume that a wattmeter indicates 1,000 
kw. while the reactive volt-ampere meter 
indicates 500 kva. The power factor of 
the load is then equal to the cosine of 
the angle whose tangent equals 500 — 
1,000 = 0.5. The angle of which 0.6 is 
the tangent is 26 deg., 35 min. and the 
cosine of 26 deg., 35 min. = 0.89 or 89 
per cent power factor. 

The internal connections of the two 
instruments are identical, the difference 
being in the external connections. A 
wattmeter, to indicate reactive volt- 
amperes, must have the potential cir- 
cuit excitation shifted 90 deg., since the 
readings of these two instruments are 
always exactly 90 deg. apart, as shown 
in the diagram. This shifting is done 
by a special tap transformer or by in- 
serting a special external reactance in 
one of the potential leads. The con- 
nections of two graphic meters giving 
the above indications were shown in an 
article by the writer, published in the 
July, 1925, issue. H. E. STAFFORD. 


Electrical Engineer, 
Provincial Paper Mills Ltd., 
Port Arthur, Ont., Can, 
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In reply to the question asked by 
R. J. B., a reactive volt- ampere indicator 
is, as the name implies, a meter for in- 
dicating the reactive volt-amperes flow- 
ing in a circuit or machine. Reactive 
volt-amperes are the product of the re- 
active component of the current by the 
voltage. These indicators or what are 
very much like them—reactive factor 
meters—are highly recommended for 
use in place of a power factor indi- 
cator on rotary converters. 

The reactive factor is the sin of the 
angular phase difference between volt- 
age and current, or the ratio of the re- 
active power to the total kva., whereas, 
power factor is the cosine of the angular 
phase difference between voltage and 
current, or the ratio between true watts 
and apparent watts or total kva. In 
operation the power factor indicator 
reads 100 per cent when the power fac- 
tor is unity and the reactive factor in- 
dicator reads zero. Under this condi- 
tion the angular phase difference is 
zero, the current being in phase with 
the voltage and consequently there are 
no reactive volt-amperes flowing in 
the circuit. 

A three-phase wattmeter indicates 
the true watts flowing in the circuit, 
providing it is an indicating wattmeter 
and not a watt-hour meter that R. J. B. 
has in mind. The true watts flow- 
ing in a three-phase circuit, indicated 
by the three-phase wattmeter, are equal 
to the product of the volts X amperes x 
power factor x 1.73. 

Electrical Dept., FRANK AMMANN. 


Sioux City Gas & Electric Co., 
Sioux City, Iowa. 


Replying to R. J. B.’s question, the 
function of a reactive volt-ampere 
meter is to measure the value of the 
product of the voltage multiplied by 
that value of the current which is 90 
deg. out of phase with the voltage. This 
current is called the wattless or the 
reactive component. 

A wattmeter measures the product 
of the voltage multiplied by the value 
of current which is in phase with the 
voltage. This current is called the 
power current or power component. 
The vector sum of these two values of 
current multiplied by the voltage repre- 
sents the total volt-amperes in the 
circuit. 

The usual three-phase watt-meter 
consists of the indicating instrument 
itself with two current transformers, 
which measures the current in two of 
the legs of the three-phase circuit, and 
potential transformers connected to 
give the correct voltage value and re- 
lation for measuring the power com- 
ponent in watts or, as is usually the 
case, in kilowatts. A three-phase re- 
active volt-ampere indicator might con- 
sist of exactly the same apparatus with 
the addition of a double auto-trans- 
former in the potential circuits con- 
nected in such a way as to obtain volt- 
age components of the circuits which 
are 90 deg. out of phase with their re- 
spective currents. The meter then indi- 
cates reactive volt-amperes or, as is 
usual, the meter is calibrated to read in 
kilovolt-amperes, indicating the product 
of the volts multiplied by the amperes 
flowing in the circuit and doing no 
actual work, but that are, nevertheless, 
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necessary for exciting or magnetizing 
apparatus such as motors or trans- 
formers which are connected in the 
circuit. 

The greater the reactive volt-amperes 
in a circuit the lower the power factor. 
At unity power factor the reactive volt- 
ampere meter will read zero. Such a 
meter usually has its zero in the center 
and reads in both directions, thus indi- 
cating whether the power factor is lag- 
ging or leading. 

Some power companies base their 
rates upon the amount of reactive volt- 
‘ampere hours in the circuit metered as 
well as the actual power in watt-hours 
or kilowatt-hours, and where such rates 
are in effect reactive volt-ampere-hour 
meters may be installed. 

If R. J. B. ordered a_ three-phase 
wattmeter and received a reactive volt- 
ampere meter, a mistake was no doubt 
made and he should take steps to ob- 
tain the instrument he ordered as the 
operator usually requires a wattmeter 
rather than a reactive volt-ampere 
meter. L. T. JOHNSON. 
East Cleveland, Ohio. 
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Trouble in Keeping Commutator Bars 
Straight.—I have considerable trouble 
in keeping commutator bars true and 
straight when the commutator is put 
back on the shaft of the armature 
after being repaired. The type of 
armature that I have particular trouble 
with is a z-hp., d.c., No. A3. Westing- 
house motor. The commutator is held in 
place eed the front and rear V-rings which 
are locked in place by means of a plate 
screwed onto the armature shaft. In 
tightening this plate the armature bars 
move at an angle or become skewed. Can 
some reader tell me how to assemble 
these small commutators in such manner 
as to prevent them from skewing? 

New York, N. T. B. L 


Answering B. L. A. 's question on how 
to keep commutator bars from twisting 
while tightening the locking nut, there 
are several ways to accomplish this. 
One of the simplest ways is to put a 
metal washer between the metal V-ring 
and the nut, and then hold the bars 
from twisting with a chain pipe wrench 
while tightening the nut. This method 
mars the copper segments slightly. 
Twisted bars may be straightened back 
into position, even after the nut is 
tight, by turning them with the chain 
wrench. 

Another way is to drill a hole in the 
circumference of the metal V-ring and 
by means of a spanner wrench keep 
the ring from turning while the nut 1s 
being tightened with a second spanner 
wrench. A third method, that re- 
quires more work, is to cut a keyway 
in the V-ring, and put a pin in the 
shaft to fit the keyway. The pin should 
not interfere with the nut, or prevent 
it from being drawn tight. Some 
manufacturers use this method of secur- 
ing the commutator bars in place as 
standard practice. 

Most manufacturers tighten the com- 
mutators in a press which clamps the 
V-ring in place and holds it there, 
while the nut is tightened. The nut 
itself is not used to tighten the bars; 
it merely holds the pressure obtained 
by the press. All of the above methods 
require a suitable wrench for tighten- 
ing the nut. Some workmen try to 
set up the nut with a drift, but this 
only damages the nut and sometimes 
ruins it. I am taking it for granted 
that the commutator is only being re- 


Method of anchoring V-ring to keep 
it from twisting commutator while 
tightening commutator nut. 

A keyway is cut in the V-ring and a 
pin is put in the shaft to fit the key- 
way. he pin should be so located 
that it will not interfere with the nut 
when it is pulled tight. 


paired, and that the bars were orig- 
inally straight. 

In refilling commutators with new 
bars twisting is often caused by using 
cast bars which are not carefully made. 
Again, the bars may have been stacked 
improperly in assembling and machined 
while twisted. Twists of this sort are 
hard to take out and it is sometimes 
necessary to change the position of the 


-bars in the commutator, or shim up 


some of the mica segments at one end. 
In such cases it is simply a matter of 
cut-and-try until the desired result is 
obtained. C. B. KECK. 
Cleveland Heights, Ohio. 


R * * + 


The skewing of the commutator bars 
encountered by B. L. A. can be pre- 
vented by placing the commutator on 
a clamping plate, as shown in the ac- 
companying illustration. This clamp- 
ing plate consists of a steel baseplate, 
a bolt, and a clamping bar. After the 
bars have been properly aligned, the 
commutator is placed on this plate and 
the clamping bar drawn down. The 
clamping bar serves as a press and pre- 
vents the detachable steel V-ring from 
turning. Several blows on the steel 
V-ring with a rawhide mallet will cause 
the V-ring to take its place. After the 
clamping bar has been drawn tight, the 
commutator nut can be tightened. 


This is a clamping bar for applying 
pressure to small commutators. 


Use of this device insures a tight com- 
mutator without danger of skewing the 
commutator bars. 


8 
Clamp). 
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Before applying the final pressure, 
the commutator assembly should be 
heated to a temperature from 125 to 
150 deg. C. This will soften the bond 
in the mica V-ring, thus permitting it 
to adjust itself to the irregularities of 
the metal parts. If the commutator is 
tightened while cold, the mica V-ring 
will not conform itself to the metal 
parts because it is hard. If an excess 
pressure is applied to it under these 
conditions the bond will pulverize, caus- 
ing crushed spots. 

For small commutators, the clamping 
bar just described will furnish sufficient 
pressure to obtain a tight commutaor. 
However, on large commutators it will 
be necessary to use a press and a 
special wrench. 


JESSE M. ZIMMERMAN. 
Engineering Dept., 
Homewood Works, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 


* * * * 


I have found it necessary on some 
large commutators to block the arma- 
ture and straighten commutator bars 
by using a jack; so I cannot see why 
such a method cannot be used on the 
smaller jobs, providing they became 
skewed after taking due precautions in 
putting the armature back in place. 

In tightening a commutator, a ring 
tightly bolted around, but insulated 
from the armature, is of assistance in 
keeping the bars straight, and if the 
rear ring is screwed to position first 
and the final tightening done in the 
front ring, it will be of help. As a 
secondary measure I have found it of 
help to skew the bars slightly in the 
opposite direction and their tendency 
to straighten helps to tighten the re- 
taining rings. However, it is prefer- 
able to get away from any skewing as 
the insulating ring is likely to be 
pinched and broken. 

Heat applied to the commutator 
makes it possible to get a tighter fit, 
but also adds to the effort of keeping 
the bars from skewing. However, it is 
essential to have a well-seasoned job in 
order to avoid further trouble. 


Chief Electrician, E. J. MORRISSEY. 
Western United Gas & Electric Co., 
Aurora, Illinois. . 


R * „ * 


The trouble that B. L. A. has with 
his small armatures is a trouble that 
many winders have with the method of 
fastening the outside V-ring on com- 
mutators with a locking nut. This 
trouble may be prevented by cutting a 
small keyway in the clamping V-ring 
and putting a pin in the shaft so as to 
fit in the keyway. This pin must be 
placed so that the clamping nut will not 
bind upon it when the clamping nut is 
tightened. 

This keying of the V-ring to prevent 
turning is not, however, applicable in 
every case. Another method is to wind 
a small or large loop, according to the 
size of the machine, several times 
around the commutator in a direction 
opposite to that of tightening the nut. 
The end of the rope may be held by 
means of a bar or with the hand. The 
nut is then tightened. This method 
usually holds the bars from twisting. 
In stubborn cases, draw the nut reason- 
ably tight and then take a sharp cold 
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chisel or lead set and go around the 
commutator, driving the bars back 
straight. It will not hurt to skew 
them opposite to the direction the nut 
is turned in tightening. It may be 
necessary to go around the commutator 
several times. GRADY H. EMERSON. 
Birmingham, Ala. 


R „ ** 


Replying to B. L. A.’s question, I 
would say that his trouble is caused by 
friction betwen the retaining ring and 
_the front V-ring while the ring is being 
tightened. I have experienced the same 
trouble, and here is the remedy: Drill 
a 3-in. hole in the shaft at a point that 
will be under the V-ring after it is 
tightened. In this hole drive a pin, al- 
lowing it to project 4 in. File a slot or 
keyway in the V-ring to fit over this 
pin, as the ring is drawn down. This 
pin will prevent the V-ring from turn- 
ing and the bars will remain straight. 
Indianapolis, Ind. M. V. MILLER. 


* * * * 


Replying to B. L. A.’s question, the 
commutator should be built around a 
wooden mandril covered with grease, 
so that it can easily be removed. After 
all segments are in place, the com- 
mutator may be held together with 
friction tape until more permanent 
bands of fine brass wire can be tightly 
wound around it. A strip of mica 
should be placed under each band, so 
that when the bands are soldered, the 
solder will not adhere to the com- 
mutator bars. The mandril should 
then be removed and the commutator 
placed on the shaft and tightened. The 
bands may then be removed and the 
commutator trued in a lathe. 


Electrical Engineer, H. E. STAFFORD. 
Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 


* * 8 * 


Answering B. L. A., I am sure I 
can give him a remedy in a few words. 
The cause of the bars moving when 
tightening a commutator is that the 
front end ring moves, thereby throwing 
the front end of the bars out of line 
with the back end of the bars. If, when 
he starts to put a strain on the nut, he 
will place a Stilson wrench around the 
bars near the front and have someone 
put a tension on it in the opposite direc- 
tion from that in which the nut is 
tightened, I am sure the bars will stay 
straight. Do not push or pull hard on 
the wrench as it is not necessary. Just 
merely hold a tension against the bars. 
Sometimes the wrench will press the 
bars in slightly but this can be easily 
remedied by tapping the bars with a 
hammer once or twice during the 
tightening, at the same time placing 
the wrench in a different position. 
Darby, Pa. GEORGE WM. HANLON. 


* * k * 


Tests on Motors Do Not Check Name- 
plate Data — We have three 200-hp., 
600-r.p.m., 60-cycle, three-phase, 440- 
volt, Wwound-rotor, induction motors, 
that are used to drive tube mills in our 
cement plant. According to the name- 
plate, the full-load, primary current is 
245 amp., While the full-load secondary 
current is 346 amp. On making a test 
on one of the motors, I found that with 
the belt off the primary current was 125 
amp. Upon putting the belt back on the 
pulley and loading the motor, the primary 
current rose to 275 amp., while the sec- 
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ondary current went up to 150 amp. 
Upon increasing the load, the primary 
current reached 350 amp. and the sec- 
ondary current 275 amp. According to 
the nameplate the primary, current 
should be less than the secondary cur- 
rent, while the tests show just the 
opposite. The temperature rise on the 
motors so far has stayed below 40 deg. 
Can some reader tell me what is the 
matter with these motors? 
Ragland, Ala. 


In response to R.LF.’s query in re- 
gard to the operation of three 200-hp., 
wound-rotor motors, I would say that 
it is hardly possible that the trouble is 
in the machines, assuming that the ap- 
plication of machines and service are 
correct. I would recommend that he 
investigate as to the correctness of his 
tests and instruments, and venture to 
say that due to the fact that the fre- 
quency of a wound rotor is very much 
lower than that at which the stator 
operates, correct readings are not ob- 
tainable with some ammeters. I believe 
the difference between his tests and the 
nameplate ratings arises from this 
source. FRANK W. SLOAN. 
San Diego, Calif. 


* * * * 


I do not believe that R. I. F. should be 
alarmed because the full-load secondary 
current of his wound- rotor induction 
motor is not so great as the value given 
on the nameplate. The secondary cur- 
rent given is that value of secondary 
current which would flow in the rotor 
circuit at standstill with full voltage 
applied to the primary winding. This 
is known as the locked rotor current 
and is obtained by blocking or wedging 
the rotor so that it cannot turn and 
gradually raising the primary voltage 
to the nameplate value and reading the 
secondary current which flows at that 
instant. 

This is the maximum amount of cur- 
rent that can be expected to flow in the 
rotor circuit. The full-load secondary 
current will be considerably less than 
this value since it would occur only when 
the motor is delivering its maximum 
torque. The fact that the secondary 
current for the full-load condition is not 
so great as the nameplate value does 
not necessarily indicate any fault in the 


motor. L. T. JOHNSON. 
East Cleveland, Ohio. 


* * * * 


R. I. F. 


In answer to the question by R. I. F., 
when measuring the secondary current 
of slip-ring induction motors operating 
at normal speed, it is necessary to 
remember that the current frequency 
of the secondary or rotor circuit is 
very low. As a matter of fact, the 
frequency of this circuit is equal to the 
slip of the motor. 

The ordinary slip of induction motors 
is from 3 to 5 per cent. This means 
that the frequency in the secondary 
circuit is two or three cycles per sec- 
ond, when operating at full speed. 
When measuring the current in the 
secondary of a 200-hp., slip-ring motor, 
the natural tendency would be to use 
a current transformer connected to a 
5-amp. meter. The reading of the 
meter would then be corrected in ac- 
cordance with the ratio of the current 
transformer. However, these current 
transformers are ordinarily designed 
for a frequency of 25 to 50 cycles, and 
they will not read accurately on fre- 
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quencies as low as two or three cycles 
per second. If the current in the 
secondary circuit is measured with the 
rotor locked, that is, with the rotor 
standing still, the readings obtained 
when using the current transformer 
and the 5-amp. meter will be accurate. 

‘A meter which will measure the 
motor nameplate current probably 
could be used, although if this is done 
care must be taken to see that excessive 
current does not flow through it when 
the motor is started. This excessive 
current can be avoided by providing a 
heavy, single-pole, single-throw knife 
switch, which directly short-circuits 
the ammeter during the starting period. 
If this switch is opened after the motor 
is running, the reading can be taken 
without danger to the meter. 

In discussing the actual current 


values recorded by R.I.F., it seems 


apparent that he has tried to use a 
current transformer, and this has re- 
sulted in a much lower reading than 
the value of the secondary current 
actually present, because of the very 
low frequency in the secondary circuit. 
It should be understood that the 
primary circuit of an induction motor 
refers to the stator windings, which 
are directly connected to the a.c. 
supply, and that the secondary or rotor 
circuit corresponds to the secondary of 
an ordinary transformer. 

In making tests of this kind, care 
should be taken to see that the voltage 
on all three phases is maintained at 
practically the same value, and that 
this value is not more than 5 per cent 
less than the rating of the motor. In 
other words, on a 440-volt circuit the 
voltage must be maintained within 5 
per cent of the 440-volt figure, if 
results are to be obtained which will 
agree with the nameplate data. It is 
also best to test the current in all three 
phases, or at least in any two of the 
lines, in order to make certain that 
balanced conditions are present. 

Judging from the results R.I. F. ob- 
tained, that upon increasing the load 
the primary current became 350 amp., 
while the secondary current was only 
275 amp., it might seem that the rel- 
ative positions of the two windings 
of the motor had been misunderstood. 
However, it is believed that the error 
is in the use of a current transformer 
and that R. I. F. understands perfectly 
that the primary winding is the stator 
winding. This latter point has been 
suggested merely because it is very 
often overlooked. 

JAMES B. HOLSTON. 
Commercial Engineer, 


Wagner Electric Corp., 
Chicago, III. 


* * * * 


In reply to the question by R. I. F., 
it is possible that the wrong name- 
plates have been used. R. I. F. should 
consult the manufacturer, as it would 
appear that the motors are under-rated 
according to the tests made, and the 
nameplate data. 

The rated, full-load primary current 
is 245 amp. and, assuming a power 
factor of 80 per cent, (245 x 440 x 
1.73 K 8) ~ 746 = 200 hp. Now, if 
he loaded these motors up to 350 amp., 
and the temperature increased less 
than 40 deg. after running for a long 
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period of time, it is quite evident that 
the motors are under-rated, because 
(350 x 440 X 1.78 X 8) + 746 = 
285 hp. 

I think that if R. I. F. will make a 
very careful check of these motors, he 
will be in a better position to consult 
the manufacturer. My advice would 
be to use a polyphase wattmeter, a 
voltmeter and ammeters to check 
everything. It is possible that these 
motors have been rewound or recon- 
nected in some way since leaving the 
factory, thus causing the readings to 
disagree with the nameplate data. 
Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 

Donnacona, Que., Can. 


* * 8 +% 


Referring to R. I. F.’s problem, it ap- 
pears as though the meter readings 
were somewhat twisted. It is stated 
that the full-load primary current is 
245 amp. on a 40-deg. motor, but when 
350 amp. or 42.8 per cent overload 
current is flowing through the stator 
windings, there is no increase in tem- 
perature. 

The nameplate rating shows the full- 
load secondary current to be 346 amp. 
which corresponds very closely with the 
current which flows in the stator. The 
current of 125 amp. is approximately 
the friction load, rotor current, while 
the 275-amp. which flows in the rotor, 
is only 30 amp. above the rated, full- 
load, stator current. This is only 12 
per cent above normal and would not 
heat the windings much above normal 
operating temperature, unless the 
motor were operating under this load 
for some time. It, therefore, appears 
as though the readings had been 
switched or that the leads to the rotor 
and stator had been mistaken in some 
manner. 

About the only time that a wound- 
rotor motor will act in an abnormal 
manner is when one of the rotor leads 
is broken or disconnected. Trouble of 
this kind is readily determined, as the 
motor will run at approximately half- 


speed. H. E. STAFFORD. 
Electrical Engineer, 


Provincial 2 8 Ltd., 
nt., Can. 


Port Arthur, 
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Conduit fitting with 
non-magnelic cover 


generator 


`~ Each conduit contains one 
cable from each phase of 
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What Causes Heating of This Cable Box? 

Th six 1,000,000-circ. mil 
phase 
2,000-kw. 


cables. 
bottom of a 


go out throu 
the box; an 
maining phase go out through the right- 
hand side of the top of the h 
this arrangement the entire top half of 
the sheet-iron distribution box heats up. 
What causes this heating. and how may 
it be overcome? Should make the box 
of fiber instead of sheet iron. 


Bellingham, Wash. E. M. D. 


In answer to E. M. D., a conductor 
carrying current is encircled by mag- 
netic lines of force. If the current is 
alternating, the magnetism varies in 
intensity and reverses with the cur- 
rent. When a conductor is surrounded 
by magnetic material this material is 
magnetized. Alternating current causes 
magnetic losses due to the changing 
flux and produces heat in proportion 
to the strength of the current in the 
conductors. E. M. D. states that he has 
carefully grouped the three-phase con- 
ductors in steel conduit, so that each 
conduit, on entering the bottom of the 
distribution box, contains one cable 
from each phase. By this method the 
magnetic field around the three-phase 
circuit has been balanced, which is the 
recognized way of overcoming this 
effect. 

However, in taking the cables for 
each phase out separately through the 
top of the distribution box, an unbal- 
anced condition is produced and heating 
of the upper portion of the box results. 
This can be prevented by making the 
distribution box of fiber, instead of 
sheet iron, as E. M. D. suggests. 

I would recommend in most instances 
eliminating the box entirely and con- 
necting the cables to a bus, as shown 


Ee 


The use of distribution boxes for 
heavy feeder cables may be avoided 
by employing buses arranged as 
shown here 


———. 
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in the accompanying sketch. It is 
generally more satisfactory to use 
copper busbars on insulators, or racked 
cables in concrete tunnels, as feeders, 
when heavy currents are to be carried. 
Electrical Engineer, R. N. VINING. 
Detroit Se ess Steel Tube Co., : 
Detroit, Mich. 

2 „ „ „ 

Referring to the question by E. M. D. 
in regard to the heating of a cable 
box, this heat comes from eddy cur- 
rents and hysteresis losses, just the 
same as the losses in a transformer 
core. To keep these losses within 
limits in a transformer, we take the 
precaution to select low-loss steel to 
decrease hysteresis and laminate the 
core to increase the resistance to eddy 
currents, but no such precautions are 
taken in the case of the cable box. 

As the cables enter the bottom of 
the box, there are six complete, three- 
phase circuits, one in each conduit. 
Since the currents in all of the wires 
of a circuit are so opposed in direction 
that their algebraic sum is always zero, 
there will be no mutual magnetic effect 
between these circuits and consequently 
no flux in the bottom of the box. 
Through the top of the box, however, 
there is one phase of a 3,000-amp., 
three-phase circuit, with no neutraliz- 
ing current to counteract it, passing 
through each hole. The current sets up 
a strong magnetic flux which flows 
through the top of the box. This flux 
causes hysteresis losses in the sheet- 
iron box and also sets up eddy currents 
causing local I’R losses. 

As a simple test of the above state- 
ments, may I suggest to E. M. D. that 
he place an iron bar between the lower 
circuits. He should find the bar prac- 
tically free from alternating mag- 
netism, and it will not become warm 
if allowed to remain. When the bar is 
placed between the upper circuits, the 
magnetic vibration will probably be 
felt, which will cause heat if the bar 
is not removed. 
if E. M. D. will use fiber for the box 
instead of iron, as he suggests, there r 
will be no further trouble from heat, 
provided there is no other iron between 
the circuits. If the circuits go through 
the top of the box in three conduits, 
however, I see no way of preventing 
the heat loss except by regrouping the 
wires in such a way that there are two 
cables of each phase in each conduit. 
In other words, the cables entering 
through any two bottom conduits 
should leave through one top conduit. 
E. M.D. is not the first man to get 
into trouble from grouping heavy a.c. 
conductors, in such a way that mag- 
netic material can enter the loop of 


the circuit. E. D. CARTER. 
Engineer, 

The Baylis Co., 

Bloomfield, N. J. 
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Heating of the cable box mentioned 
by E. M. D. is caused by induction or 
eddy currents in the top of the box and 
is dependent upon a number of things 
such as the amount of current fiowing 
in the cable passing through the top of 
the box, the frequency of the current, 
number of conductors, and the like. 
These eddy currents are caused by tak- 


40 


— 


ing the conductors of each phase out in 
separate groups and can be prevented 
by bringing the conductors from each 
phase through the same hole in the box, 
or in the same manner as they are 
brought into the box from the bottom. 
Grouping the conductors from each 
phase in the same hole will allow the 
inductance of the cables of each phase 
to neutralize the others, thereby pre- 
venting the setting up of eddy currents. 
It is possible to make the cover of the 
box of a non-magnetic material such 
as fiber, asbestos and the like. This 
method without a doubt will correct the 
trouble that E.M.D. is experiencing. 

Chief Electrician. E. J. MORRISSEY, 


Western United Gas & Electric Co. 
Aurora, III. 


* * * * 


In answer to the question asked by 
E. M. D., wherein he states he is having 
trouble from his cable box heating, I 
would say that the trouble is due to in- 
duction. According to his statement 
the cables are brought into the box with 
three cables in a conduit. Each of 
these three cables is from a separate 
phase and due to the fact that they are 
all in the same conduit, no eddy cur- 
rents are set up in the conduits. The 
cables running out of this cable box are 
taken out with all of the phase leads 
grouped separately. Consequently, the 
points at which the different phase leads 
pass through the box cause the box to 
heat, due to the eddy currents set up in 
the top of the box. 

In order to eliminate the heating, it 
is only necessary for him to take a 
hack saw and make a saw cut between 
the hole at the left-hand side of the box 
and the center hole and also between 
the hole at the right-hand side of the 
box and the center hole. This saw cut 
will break the circuit of the eddy cur- 
rents and the heating will stop. 
Longview, Wash. D. W. HAMILTON. 


* * + 4 


In answer to E.M.D.’s question, the 
heating of the top half of the distribu- 
tion box is caused by eddy currents 
which are induced in the sheet-iron box. 
The eddy currents are in turn caused 
by the self-induction of the conductors, 
the nearness of the iron, and the way 
the conductors are grouped on leaving 
the box. 

If E.M.D. would group the cables on 
leaving the box the same way they are 
grouped when entering the box, or in 
any other arrangement as long as all 
the conductors from any circuit leave 
the box from the same outlet, he would 
have no further trouble from heating. 
Newark, N. J. CHARLES H. MCSPIRITT. 


8 + * * 


Answering the question by E. M. D. 
in regard to cable junction box heating, 
eddy currents probably are the cause 
of this heating and can easily be elim- 
inated by making a non-magnetic junc- 
tion box. A fiber cover on the box 
might help to prevent the heating. An 
easy way to find out is to remove the 
sheet-iron cover, so as to increase ven- 
tilation, and allow the cables to carry 
their load. If removing this cover fails 
to stop the heating, I would recommend 
the building of a non-magnetic box and 
the trouble will end. 


NDUS ENGIN 


It will not be necessary to put on the 
fiber cover until you have determined 
how much the cable box will heat, with- 
out a cover, when the cables are carry- 
ing full load. The fiber cover being 
non-magnetic, will not cause heating, 
although it will prevent cooling air 
from the room or pit from entering the 


box. LEE F. DANN. 
Chief Electrician, 

Donnacona Paper Co., Ltd., 

Donnacona, Que., Can. 
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In answer to E.M.D.’s question, the 
trouble is probably due to eddy cur- 
rents heating the top of the iron box, 
caused by grouping the cables of each 
phase separately. 

We have overcome these faults in 
iron boxes by cutting a narrow slit be- 
tween the three cable openings, so that 
a continuous path is not formed around 
the conductors of any one phase. These 
slits may be cut with an acetylene torch, 
or a row of small holes may be drilled 
close together and the remaining metal 
chipped out with a chisel. 

Another method is to cut all of the 
iron between the openings and use a 
piece of fiber drilled out for the holes 
and screwed to the top of the iron box. 
Summerset, Mass. H. EARL HERON. 


2. «© & & 


The following information may be 
of use to E. M. D., in explaining the 
reason why the top of his metal cable 
box has been heating up. 

If two or more parallel conductors 
are carrying current in the same direc- 
tion, the magnetic flux surrounding the 
conductors tends to draw them together. 
The lines of force around each con- 
ductor tend to unite with those of the 
other, forming a magnetic flux that 
encircles both the conductors. 

Two parallel conductors carrying cur- 


rent in opposite directions are acted on 


by a force tending to separate them. 
As the lines of force in this case are 
opposite in direction, they cannot unite 
around the conductors, but must pass 
between, tending to crowd them apart. 
In some electrical machines, the stresses 
caused in this way oftentimes become 
of considerable magnitude when the 
currents involved are large. For ex- 
ample, short-circuits on large gener- 
ators and transformers may cause great 
damage by tearing the conductors out 
of place, or by crushing the insulation 
on them. 

Self-induction is the phenomenon 
whereby a change in the current in a 
conductor induces an emf. in the con- 
ductor itself. This induced emf. is al- 
ways in such a direction that it tends 
to oppose any change in the current in 
the conductor, according to Lenz’s law. 
The opposing emf. thus produced is 
referred to as the counter-electromo- 
tive force of self-induction. The value 
of the magnetic flux around any con- 
ductor depends on the strength of the 
current. Any change in the current 
causes a corresponding change of flux, 
and the change of flux induces in the 
conductor an emf. in such a direction 
as td oppose and retard the change of 
current. 

If a conductor is surrounded by mag- 
netic material this material will be 
magnetized. If alternating current is 
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flowing in the conductor the rapid 
change of flux may cause much heating 
of any magnetic material that is close 
to the conductor. 

On the other hand, if two conductors 
lie parallel to one another and the cur- 
rent in each is flowing in the opposite 
direction to that in the other, the field 
developed about one will oppose the 
field about the other. The result is 
that, if the conductors are very close 
together, the fields will almost entirely 
neutralize each other and there will be 
no appreciable self-induction. 

The practical application of this is 
that if conduit is used, all wires of the 
same portions of an alternating-current 
circuit (feeder, main, or branch) must 
be installed in one conduit, in order to 
prevent self-induction and consequent 
heating. 

In E.M.D.’s case, when the wires are 
brought out of the cable box in the 
proper order, there should be no 
heating. 

As a possible remedy for the pres- 
ent conditions, if a fibre box can be 
made to withstand the conditions en- 
countered, it should be used. 


WILLIAM McGUIRE. 
Electrical Engineer, 
Carbondale Machine Co., 
Carbondale, Pa. 
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In reply to the question asked by 
E.M.D. concerning the heating of his 
cable box, I would suggest that he use 
some non-magnetic material such as 
brass or aluminum instead of sheet iron 
for the top of this box. Sheet iron is 
a magnetic material and when used 
where it is magnetized and demagnet- 
ized many times per second, as would 
be the case when it is placed around 
cables carrying 60-cycle current, this 
magnetizing and demagnetizing sets up 
eddy currents which heat the iron. If 
E.M.D. will use brass or aluminum for 
his box, I think his trouble will be elim- 


inated. 
Robertsdale, Pa. E. E. SIGEL. 
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Heating of Commutator on Bewound Be- 
pulsion-Induction Motor — I recently 
rewound a G. E. single-phase i -hp. 
four-pole type RI 110-volt repulsion- 
induction motor and am having trouble 
with it on account of heating. e com- 
mutator seems to heat first and in about 
two hours the motor E so hot that you 
cannot put your hand on it, and it keeps 
on pottin hotter. It does this when 
running idle. I have tested the commu- 
tator, armature, fields, and bearings and 
they seem to be O. e armature is 
well balanced. I used No. 16 d.c.c. wire 
in the rotor and main fleld and No. 18 in 
the compensating field. I shall appreciate 
any information regarding the cause and 
remedy of this condition. R. 8 


Hubbard. Ore. 

In reply to R. S.’s question, I wish 
to say that the trouble he is experienc- 
ing with a rewound repulsion-induction 
motor, is probably due to a defective 
short-circuiting mechanism. Motors of 
this type use the commutator for start- 
ing duty only. When the rotor gets up 
to a certain speed the commutator is 
automatically short-circuited, which 
makes the operation of the machine 
identical with that of a single-phase, 
induction motor. When the short-cir- 
cuiting device is functioning properly, 
the commutator cannot heat. 


L. KONSTAM. 
Jones Electrical Repair Service, 
New York, N. Y. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The items may 


rofer to inspection, overhauling, testing, and emergency or special installations. 


Determining Power Factor 
With Watt-Hour Meters 


HE subject of determining power 

factor was discussed on page 92 of 
the February, 1926, issue of INDUSTRIAL 
ENGINEER by James P. Marshall in a 
very comprehensive and detailed man- 
ner. Certain practical methods for 
obtaining the required results were 
covered which are readily applicable to 
the usual conditions occurring in actual 
practice. While no criticism is intended 
for the article mentioned, it is believed 
that some suggestions might simplify 
the method used and improve the accu- 
racy of measurement. 

It is well known that the power in 
a three-phase circuit can be measured 
with a polyphase watt-hour meter hav- 
ing two potential and two current 
coils, or by two single-phase watt-hour 
meters. It is assumed that in the 
usual industrial installation, the load 
circuits are ungrounded. However, the 
necessary modifications can be made 
and the results obtained will not be 
a when the following method is 
used. 

Accordingly, it follows that the varia- 
tion in the energy measured by the 
separate elements of the meter will 
depend entirely upon the power factor 
of the circuit. A very good example 
of this is a load having exactly 50 per 
cent power factor; if two single-phase 
watt-hour meters are used, the disk of 
one meter will stand still. The general 
formula for the energy of a three- 

hase circuit is: Total watt-hours = 

1 + Ws, where W. and W, represent 
the registrations of the separate ele- 
ments of a polyphase watt-hour meter 
or the individual registrations of two 
separate single-phase watt-hour meters. 

The test for power factor when the 
meter disks are visible may be con- 
ducted as follows: If the watt-hour 
meter is of the polyphase type, take 
the time of say ten revolutions of the 
disk without any. change of connec- 
tions, calling this result T,,. Then dis- 
connect one of the voltage elements 
and again take the time for ten revolu- 
tions. The last test will probably take 
a longer period of time, or 7;. Know- 
ing the meter constant and if the time 
is taken in seconds, the total load W, 
in watts may be calculated by the 
formula: Watts = (3,600 x K x R) 
8, where K = watt-hour constant, 
R = number of disk revolutions, and S 
= time in seconds required for R revo- 
lutions. 

The registration of the single element 
W. may now be obtained as follows: 
W. = W. X (Ty, Ti). The energy 
registered by the other element, Ws, 


may be found by using the formula 

2 = W, — Wi. The power factor of 
the circuit may now be obtained as 
follows: Find the ratio of W, and W, 
by dividing the smaller by the larger 
value and substituting this value for X 
in the following equation: Power factor 
in per cent = 100 x i x V(1 + X) 
+ (1 + ). For quicker determina- 
tion of the power factor consult the 
accompanying curve, which only re- 
quires that the value of the ratio be 
calculated. 

In connection with the use of the 
power factor formula, a word of cau- 
tion should be noted. When the power 
factor is less than 50 per cent one of 
the meter elements will move faster 
when operating alone, while the other 
will reverse. In fact, if the power 
factor is exactly 50 per cent one of the 
elements will not revolve when the 
other is disconnected. If a polyphase 
meter is used for the test, equation 
W. = W, — W, still holds good, except 
that if one element reverses its rota- 
tion, the value must be considered 
negative or minus. The equation would 
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Per Cent, Power Factor 


By means of this curve the power 
factor expressed in per cent may 
be found from the values registered 
by the individual elements of a 
polyphase watt-hour meter. 


then become W. = W. — (—W:) or 
W. = NV. + Wi, which shows that the 
element W, would speed up when oper- 
ating alone. Accordingly the ratio of 
the smaller value of W divided by the 
larger would be negative, as is shown 
on the ordinate of the curve. 

Using two single-phase watt-hour 
meters it is not necessary to calculate 
the load in watts as it may be obtained 
directly from the timing of, say, ten 
revolutions of each meter. Since the 


speed is directly proportional to the 
load the following relation is obtained: 
a = T, + T1. Likewise, the 
same number of revolutions of the 
faster moving element multiplied by 
its load equals the time of the slower 
moving element multiplied by its load. 
The fact should also be remembered 
that in using two separate, single-phase 
meters, Wi and W, are obtained sepa- 
rately from each meter. These values 
could be determined from the formula 
W: = W; — Wi, by taking the time of 
each element separately. It might also 
be done as a check with a polyphase 
meter, although this is not actually 
necessary. 

When the meter disks are not visible, 
the following procedure is required. 
This is not a frequent condition, but if 
encountered it will be necessary to take 
the time required by the meter dial to 
traverse one division of the smallest 
dial and calculate the actual load ac- 
cording to the formula: Kilowatt-hours 
per hour = (kilowatt-hours - time 
interval in minutes) X 60 = kilowatts. 
This must be done as described pre- 
viously for the visible type meter disk 
when one element is disconnected. How- 
ever, in this case, we can modify the 
test very materially; as we have ob- 
served the time for the same watt-hour 
or kilowatt-hour registration, the time 
will be a measure of the load. The 
relation W, + W, = T, + T, is ap- 
plicable; that is, the ratio of the ele- 
ment registrations may be obtained by 
dividing the lesser time by the greater 
and obtaining the power factor directly 
from the curve, or by the power factor 
formula as previously given. 

In all of the foregoing tests it has 
been assumed that we are particularly 
interested in obtaining the power fac- 
tor value. It is, however, readily pos- 
sible, if the actual watt demand and 
power factor are known, to calculate 
the kilovolt-ampere demand by the 
formula, kva. = kw. ~ P.F. 

The description of this method of 
determining power factor has been 
given in considerable detail, but its 
application is exceedingly simple. Ad- 
vantages that recommend its use are as 
follows: 

(1) No voltmeters or ammeters are 
required. ; 

(2) No inherent error is involved in 
calculating the kilovolt-amperes due to 
instrument errors and the difficulty of 
taking readings on an unsteady load. 

(3) The method is inherently accu- 
rate, as the watt-hour meter is an 
accurate instrument. 

(4) When a watt-hour meter is 
already installed, no additional test 
instruments of any kind are required. 
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This method has been used for a 
number of years in actual practice with 
excellent results. The writer, when an 
employee of a public service corpora- 
tion, had occasion to observe that the 
customer’s representatives were much 
more agreeable to having tests for 
power factor made in this way than 
with the many instruments, instrument 
transformers and complicated connec- 
tions that would be otherwise required. 


C. OTTO VON DANNENBERG. 
Designing Engineer, 
General Engineering & Management Corp., 
New York, N. Y. 


eer — 


Interlocking of 
Screen Motor Control Prevents 
Damage from Overflow 


OME paper mills are troubled with 
S stock running over in screen rooms 
and flooding things generally. In our 
mill we have found a way to prevent 
this overflow by having the pump mo- 
tors shut off automatically when the 
screen motors stop. The starters of the 
screen motors and the stock pump mo- 
tors are so interconnected through the 
no-voltage release coils on the pump 
starters, that in case either screen mo- 
tor stops, both pump motors are shut 
down. 

This interconnection was made by the 
use of four fuses and a 550-volt, double- 
pole contactor with a single closing coil. 
The accompanying wiring diagram 
shows the arrangement and connections. 
It might be of interest to know that 
the pumps are in the basement and that 
the screens are located in a gallery on 
the first floor, the operator being unab'‘e 
to see the screen from where the pumps 
are located. 

With the arrangement shown in the 
accompanying scheme, it is impossible 
to start either or both of the pump mo- 
tors unless the proper number of screen 
motors have been placed in operation. 


5 -r Dower Supply 


YIO NIE KER ISO 
Sec 
- Se 


! i Swin 
No. / 9 contactor =J] “i 
B B | ad o. 7 
. 3 
No , 
are (Be bef e, yup 
8, 2 4 PEISE motor 


OF Sivi ch 


Wow 2 


O -h, power L 


885 


The coil of the contactor which 
closes the circuit to the no- voltage 
release coils for the pump motor 
control can be energized only when 
the screen motors are running. 


This is accomplished by interlocking the 
control of the pump motors with that 
of the screen motors. In order to oper- 
ate either or both of the pump motors, 
it is necessary to energize the closing 
coil of the interlocking contactor, which 
closes the circuit through the no-voltage 
release coils on the switches controlling 
the pumps. 

Current for energizing the contactor 
closing coil can be obtained only when 
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one or both of the screen motors are 
running, as follows: When screen mo- 
tors Nos. 1 and 2 are running, fuses are 
placed across the dotted lines 1 and 2. 
This connects phase A of screen motor 
No. 1 with the closing coil of the con- 
tactor through fuse 1. The circuit is 
completed through fuse 2, to phase B 
of screen motor No. 2. Since both 
screen motors are connected to the 
same power supply by means of 
switches 3 and 4, current will flow from 
the A phase of No. 1 screen motor 
through the closing coil to the B phase 
of No. 2 screen motor, provided these 
motors are in operation. The contactor 
will then close completing the circuit 
through the no-voltage release coils on 
the pump motors, thereby permitting 
them to be started. 

With screen motor No. 1 operating 
alone, fuses are placed across lines 
1 and 3. Phase A of screen motor 
No. 1 is thereby connected through fuse 
1 to the closing coil and back through 
fuse 3 to phase B of the same screen 
motor. If No. 1 screen motor is in 
operation, current will flow through 
the closing coil as outlined, causing the 
contactor to close, thereby completing 
the circuit through the no-voltage re- 
lease coils of the pump motor starters 
and permitting either pump to be 
started. When No. 2 screen motor only 
is running, fuses are placed across 
dotted lines 2 and 4 to complete the 
circuit in a like manner. 

If for any reason the power supply 
to the screen motors fails, the contactor 
will open and cause the no-voltage re- 
lease on the pump motor control to 
trip, thereby shutting down the pumps. 

Inasmuch as the current drawn by 
the contactor coil is comparativelv 
small, l-amp. fuses are used. It will 
also be noted that only two fuses are 
in use at any time, thereby avoiding 
possible danger from short-circuits. 
Single-pole switches were suggested in 
place of the fuses, but they were not 
used because of the possibility of some 
unauthorized person closing all of the 
switches at once and receiving a severe 


burn or shock. LEE F. DANN. 
Chief Electrician, 

Donnacona Paper Co. Ltd., 

Donnacona, Que., Can. 


Ground Detectors for Use on 
- Low-Voltage Systems 


HILE working in a certain shop 

a great deal of difficulty was ex- 
perienced with grounds on beth the 
220-volt d.c. and the 440-volt a.c. sys- 
tems, because there was nothing to indi- 
cate when a line became grounded. This 
led to the installation of two ground 
detectors made up of lamps as shown 
in Figs. 1 and 2. These detectors were 
placed on the end of the switchboard 
in the power house. 

On the 220-volt d.c. system four 110- 
volt lamps were connected in series 
across the line. If 220-volt lamps are 
used only two would be required in 
series. Between lamps 2 and 3, as 
shown in Fig. 1, a ground tap was 
made. When the system is clear of 
grounds the four lamps will burn equally 
bright at one-half voltage. If the nega- 
tive line is grounded lamps 3 and 4 will 
cease to burn, while lamps J and 2 will 
burn at full voltage. A high-resistance 
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ground will show up as an unbalanced 
condition in lights 1 and 2 against 
lights 3 and 4. 

For the convenience of the electrician 
a portable test box was made with four 
lamps connected the same as the ground 
detector in Fig. 1. This box was con- 
nected to the line by means of a two- 
conductor cable with Bull Dog con- 
nectors at the ends so that they could 
be quickly and firmly clamped to the 
busbars in any fuse box on the system. 
The ground wire was connected to the 
fuse box, which was metallic and per- 
manently connected to ground. See 
Fig. 3 for illustration of these connec- 
tions. 

A few trouble cases will best illus- 
trate the operation of this detector. 
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Figs. 1 and 2— Connection scheme 
for a ground detector using lamps. 


In Fig. 1 is shown an arrangement 
using four 110-volt lamps for indicat- 
ing grounds on a 220-volt system. Fig. 
2 shows the connections for a detector 
used on a 440-volt, three-phase system. 


One day the operator in the power 
house noticed that lamps 8 and 4 burned 
brightly, showing that the positive line 
was grounded. His instructions were 
to locate the ground by opening the 
switch of each feeder panel, one at a 
time, to see if the four lamps would 
burn with equal brilliancy at one-half 
voltage. When he opened the switch on 
feeder-panel No. 3 (Fig. 3) this condi- 
tion was not fulfilled. The operator 
immediately knew that the ground was 
located on some line connected to this 
feeder-panel. He at once notified the 
electrical foreman who assigned an 
electrician to locate the ground. Feeder 
panel No. 3 had six fuse boxes each 
provided with a cutout switch, and all 
lines connected to these boxes were 
fused. In this manner a ground in any 
conduit or machine can be eliminated 
by disconnecting the line from the 
feeder box by pulling the fuse. 

The electrician proceeded with the 
elimination process by going to fuse 
box 8-A (Fig. 3). After connecting the 
test set to the fuse box and noting the 
difference in brilliancy in the lamps, he 
opened the disconnecting switch. This 
did not affect the condition of the lamps 
as lamps 3 and 4 still burned bright. 
Immediately he knew that fuse box 
8-A was clear of grounds. After con- 
necting the test set to fuse box 8-B he 
found that when he opened the discon- 
necting switch instead of lamps 3 and 4 
burning bright and lamps J and 2 not 
burning at all, the four lamps burned 
with equal brilliancy at half voltage. 
This showed that the ground was lo- 
cated on one of the six lines which were 
connected to this box. 

The next step in the elimination proc- 
ess was to test the six different circuits 
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by pulling a fuse on each positive line 
in turn and closing the disconnecting 
switch to see if the four lamps burned 
with equal brilliancy. When the fuse 
on circuit No. 5 was pulled and the dis- 
connecting switch closed, instead of 3 
and 4 burning bright, the four lamps 
burned the same. This showed that the 
ground was located on the positive side 
of circuit No. 5. The electrician imme- 
diately replaced the fuse and discon- 
nected the electric equipment at the 
other end of this circuit. He then noted 
that lamps 3 and 4 on the test set con- 
tinued to burn brightly. It was evident 
that the ground was between the fuses 
and the cutout switch at the motor. 
This also indicated that the positive 
wire was grounded in the conduit, which 
was true. 

Another case of trouble that the oper- 
ator noticed was that lights 1 and 2 
burned very bright for a few minutes, 
but two or three minutes later lights 3 
and 4 burned very bright. This indicated 
that the ground must be in some motor 
that was periodically reversed. This 
condition continued for several hours. 
The ground was found to be on feeder 
panel No. 1. All of the motors con- 
nected to this feeder operated continu- 
ously in one direction with the excep- 
tion of the motors on a crane. It was 
plain that the ground was on one of the 
motors or the wiring of this crane. 
It was found that the armature trolley 
wire on the bridge which supplied power 
to the armature leads of the hoist mo- 
tor was grounded. 

During a third case of trouble, lamps 
3 and 4 would burn very bright for a 
short time. For a period of approxi- 
mately ten minutes the condition re- 
mained normal, then lamps 8 and 4 
again glowed bright for a few min- 
utes after which they became normal. 
Two hours later they again glowed 
brightly for a few minutes and during 
this time the operator was able to de- 
termine that the ground was on feeder 
No. 5. By analyzing the type of work 
done and the time of operating the 
equipment on this feeder line, it was 
decided that the ground must be on the 
electrical equipment that operated the 
turntable at the locomotive roundhouse. 
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Investigation proved this assumption 
to be true. 

This type of ground detector was also 
installed on the three-phase, 440-volt, 
a.c. system. Twelve 110-lamps were 
connected in three groups of four each 
in series, connected star across the 
three-phase lines, the center connection 
of the star being grounded as shown in 
Fig. 2. This placed eight lamps in 
series across each of the three phases. 
Half as many 220-volt lamps could have 
been used if desired. When the three 
lines were clear of grounds the 12 lamps 
would glow equally bright at half- 
voltage. 

For example, let us assume that phase 
No. 3 became grounded. Under this 
condition lamps 9, 10, 11, and 12 would 
not burn, while lamps 1 to 8 would burn 
at full voltage. For the electrician’s 
use we made up a portable test box 
to connect to the fuse box, when testing 
for grounds on the a.c. system. This 
box contained 12 lamps connected the 
same as in Fig. 2. Bull Dog connectors 
were used on the leads so as to facili- 
tate connections. 

Before installing this detector, phase 
No. 3 had a ground which we were un- 
able to locate. When the ground de- 
tector was connected, lamps 9, 10, 11, 
and 12 did not burn at all while the 
rest burned bright. The first step in 
the process of elimination was to test 
out each feeder. This test did not 
change the condition of the lamps, 
which indicated that the ground was 
not on any of the feeder lines. We 
eliminated the motor-driven exciter by 
using a turbine-driven exciter, but still 
the ground remained. Alternately the 
four turbine-driven generators were 
taken off the line, but we were unable 
to locate the ground. Our next step 


Figs. 3 and 4—Steps in locating a 
ground on a feeder supplying many 
circuits. 


By means of the power house ground 
detector the ground was found to be 
connected to No. 3 feeder as shown 
in Fig. 3. By testing with the port- 
able detector connected as shown, the 
ground was located on circuit No. 5. 
Fig. 4 shows how detectors may be used 
in substations that are tied together. 
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was to disconnect the three-phase side 
of the two auto-transformers which 
were connected open-delta across the 
line for starting a large m.g. set (this 
being the only m.g. set directly con- 
nected to the bus). Immediately the 12 
lamps glowed equally bright at half- 
voltage, thus indicating that this auto- 
transformer was grounded. 

On another case of ground trouble, 
lamps 5, 6, 7, and 8 went out and the 
rest of the lamps burned bright; then 
lamps 1, 2, 8, and 4 were extinguished 
and the remaining lamps burned bright. 
Tests at the power house indicated that 
this ground was on the feeder supplying 
power to the scrap-yard crane, which 
was driven by three-phase, a.c. motors. 
Immediately we knew that the switch- 
ing of the ground from one phase to 
the other was due to the switching of the 
primary leads on the motor when revers- 
ing the direction of rotation and, there- 
fore, the ground was quickly located. 

In conjunction with this type of 
ground detector, a daily check with a 
voltmeter showed up a great many 
high-resistance grounds. Each detector 
was provided with terminals so that 
the voltmeter might be quickly attached 
to the board. On the d.c. system the 
normal voltmeter reading from either 
line to ground was 110 volts, while on 
the a.c. system it was 220 volts. This 
would be true if, the line voltage were 
220 and 440 volts respectively. 

On one occasion the voltmeter read 
140 volts from the positive bus to 
ground. This indicated that there was 
a high-resistance ground on the nega- 
tive line. When the voltmeter leads 
were switched to the negative line the 
voltmeter read only 80 volts. This sus- 
tained our belief that a high resistance 
ground existed on the negative side. 
As an aid in eliminating high-resistance 
grounds the test boxes were equipped 
with voltmeter terminals so that the 
electricians could connect the voltme- 
ters to the test box and determine when 
he had eliminated the high-resistance 
ground. 

This ground detector will work just 
as efficiently on a large d.c. system that 
is tied together as shown in Fig. 4. 
Such a system would likely be used in 
a large industrial plant. Let us assume 
a ground appeared on some line con- 
nected to substation No. 8; the oper- 
ator in substation No. 2 sees that lights 
3 and 4 are burning bright. Assume 
that the operator opens the tie line 
to substation No. 5; lamps 3 and 4 still 
burn bright. He then knows that the 
ground is not on the feeders radiating 
from this substation, and hence opens 
the tie line to substation No. 8. Imme- 
diately the four lamps glow equally 
bright at one-half voltage; this shows 
that the ground is on some of the 
feeders in sub-station No. 8. The oper- 
ator in substation No. 8 must then be 
notified and he in turn will locate the 
feeder which is grounded and inform 
the electrical foreman. The responsi- 
bility for reporting grounds rest upon 
the station operator, who can generally 
be depended upon to make a complete 
report of any ground that might appear 
and how soon it was cleared. 

J. M. ZIMMERMAN. 
Renewal Parts Engineer, 
Homewood Works 


Westinghouse, Electric & Mfg. Co. 
Pittsburgh, Pa. 
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Power Drives 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Chain’ Drives Increase Textile 
Mill Production 


MOOTH, continuous application of 

power is a very necessary factor in 
the drive of textile machinery. The 
importance of this and what it would 
do was not recognized in our 44,000- 
spindle mill until the 184 spinning 
frames were connected up with indi- 
vidual General Electric motors through 
Link-Belt silent chain drives. Ninety- 
four of these frames are driven by 
5-hp. motors and chains, and the re- 
mainder by 7i-hp. motors and chains. 
Aside from the flexibility of the indi- 
vidual drive, the quality of our product 
has been wonderfully improved through 
the even and unvarying speed with 
which our frames are now being driven. 
Formerly the varying speed of the 
steam engine and the slippage of the 
belt which descended from an overhead 
lineshaft, resulted in considerable 
breakage of the yarn at the traveler. 

This loss, which I estimated to be at 
least 6 per cent, has now been entirely 
eliminated. In consequence, production 
has increased 6 per cent which, with 
the 184 frames in operation, is equiva- 
lent to putting 11 extra frames on the 
floor. Because of the increased pro- 
duction obtained in the spinning de- 
partment through the introduction of 
the individual drive, 48 more looms 
were installed. The gain from the 48 
additional looms may be estimated at 
more than $4,000 annually which rep- 
resents the profit resulting from the 
increased production, because of the 
change from steam power to indi- 
vidually-driven machines. 


Superintendent THOMAS A. SIZEMORE. 
American Spinning Company, 
Greenville, S. C. 


Chart for Determining Are of 
Contact on Belt Drives 


N LAYING out a belt drive the are 

of contact should be as close to 180 
deg. as possible. A 180-deg. are of con- 
tact is possible, however, only when both 
pulleys are of the same diameter. It is 
not considered good practice in any 
case to have the arc of contact oh the 
smaller pulley less than 165 deg. Below 
that point a belt must be run at a very 
high tension to make up for the loss 
in are of contact or some type of belt 
wrapping device used. If it is neces- 
sary to operate a belt at a lower arc 
of contact, allowance must be made in 
the capacity rating. For example, at 
an are of contact of 160 deg., a belt 
will transmit only about 90 per cent 
of its rated capacity. With decreasing 
arc of contact the power-transmitting 


capacity decreases rapidly, until at 140- 
deg. arc a belt will transmit only 80 
per cent of its rated capacity. 

Wherever possible it is advisable to 
increase the distance between centers, 
which will increase the arc of contact. 
The accompanying chart may be used 
to determine quickly the are of contact 
for various diameters of pulleys set at 
different center distances, until a satis- 
factory layout has been carefully 
established. 

This chart is used on open drives 
where the belt is practically without 
sag. The method of using the chart 
is as follows: Locate the difference in 
pulley diameters in inches on the scale 
at the left, and the center distance in 
feet on the scale at the right. When 
these two points are connected with a 
straight-edge which may be either a 
fine thread, or preferably a celluloid 
rule, the are of contact on the smaller 


0 . 35 
10 
30 
20 
Ao 
U 
9 25 
2 4% 
40 
E * * 
50 z * 0 
E % E 
3 9 š 
604° 9 8 
D Z „ 8 
2 2. 5-8 
š a 
42 9 
$ 2 S 
a % * 10 
90 9 
vi 
WY 
100 * 
8 
110 
Formula 8 
A-180%-2 an- He. 
120 0 


Method of using chart for deter- 
mining arc of contact. 


This chart was prepared and copy- 
righted by J. E. Rhoads & Sons, Phila- 
delphia, Pa. In the instance illustrated, 
the large pulley is 30 in. greater in 
diameter than the small pulley, and the 
center distance is 20 ft. The inter- 
section with the center line of the line 
connecting these two points on the 
corresponding outside scales indicates 
that the arc of contact would be ap- 
proximately 173 deg. 


pulley may be read off at the inter- 
section of this line with the center 
diagonal line. The formula on which 
this chart is constructed is shown at 
the base of the chart. 


—— — — 


How Variable Speed Control 
Saves $15,000 a Year 


N OUR plant the cost of finishing 

ginghams has been materially re- 
duced by the installation of two speci- 
ally designed range finishing systems. 
The variable-speed transmissions, which 
control the speed of the tentering ma- 
chines and starch mangles, play an 
important part in the success of this 
process. 

Each system is composed of a 
brusher, a starch mangle, a tender 
range, a dryer, a series of callender rolls, 
and two Reeves variable-speed trans- 
missions. With the exception of the 
brusher and the dryer fans, the entire 
system is driven by a 40-hp., variable 
speed, slip-ring induction motor, which 
is belted to a jackshaft. 

The calender rolls are driven from 
this shaft by means of one Morse chain, 
while another Morse chain drives one 
sprocket on a No. 5 class G Reeves 
automatic, variable-speed transmission 
which, in turn, drives the mainshaft 
of the tentering machine through 
another silent chain. By means of 
bevel gears, this shaft drives a long 
shaft extending to the other end of the 
range, where the power is transmitted 
through a chain to a hand-controlled, 
variable-speed transmission. From this 
the starch mangle is driven through 
another chain. 

The speed of the 40-hp. motor is reg- 
ulated in accordance with the nature 
of the goods and the time required 
for drying. The speed of the tenter 
range is controlled automatically by 
the variable-speed transmission which 
is regulated by the compensator on the 
calender rolls. 

When the texture of the goods 
changes, the floating roll on the com- 
pensator tends to rise or fall, but in 
so doing it affects the transmission, 
and causes it to adjust the tenter range 
speed so as to hold the floating roll in 
the correct position. The speed vari- 
ations amount to about 2 per cent, 
although the transmission can easily 
care for a much wider range of speed. 

The speed of the starch mangle is 
controlled in a similar manner, except 
that the transmission is controlled by 
hand. When the operator observes a 
change in the position of the floating 
roll on the mangle compensator, he ad- 
justs the transmission so as to keep 
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the roll within its floating range. This 
is not quite so convenient as the auto- 
matic system, but we had been using 
these hand-controlled transmissions in 
another part of the plant and installed 
them here to save the expense of new 
ones. 

The transmissions have given entire 
satisfaction, and we have not spent one 
<ent for repairs on them. We might 
have employed three synchronized 
motors for regulating the speed, but 
the cost of the motor-generator set, 
which would have been required, would 
have been about $1,500. In addition, 
the power cost would have been in- 
<reased by using three small motors in 
place of a single large one. Each range 
now requires, by actual test, only 
32 hp. 

Finishing in range has resulted in 
important economies. Each of our 
present systems, using only one man, 
turns out 80 yd. per min. When brush- 
ing, tentering, and calendering were 
done in three separate operations, one 
tenter man and one calender operator 
turned out only 40 yd. per min. In 
other words, the new system has quad- 
rupled the production per man. To 
obtain a production of 160 yd. per min. 
by the old method would require four 
calender operators and tenter men, or a 
total of eight men where we now use 
two. The saving in the labor of six 
men amounts to $7,800 per year. 

An even greater saving has been 
effected by the great decrease in the 
percentage of narrows. Considerable 
trouble was caused by the frequent 
starting and stopping and by the goods 
running out from under the clamps. 


Variable speed drive on tentering 
machine. : 


The speed of this 90-in. tentering ma- 
chine is automatically controlled by the 
Reeves (Reeves Pully Co., Columbus, 
Ind.) variable-speed transmission unit 
in the foreground. transmission 


keeps the tension of the cloth uniform 
between the tenter and calender and 
so prevents imperfect production. 
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The narrows have been reduced from 
1 per cent to è of 1 per cent, a reduc- 
tion of 87.5 per cent. This saves about 
240,240 yd. of goods annually. Since 
we lose an average of 3 cents on each 
yard sold as narrows, we are saving 
$7,207.20 annually from this source. 

The total saving amounts to $15,- 
007.20 a year, and since the two ranges 
cost about $50,000 the net annual re- 
turn on the investment is 30 per cent. 
This means that the new finishing 
equipment will repay its entire original 
cost every 3% years. 

It has also effected a saving in floor 
space, since the two new machines 
occupy no more space than the three 
old ones which were removed. In other 
words, we now get 160 yd. per min. 
from a space which formerly produced 
only 120 yd. per min. The variable 
speed transmissions have been an im- 
portant factor in the success of our 
range finishing systems in that they 
add very little to the cost when com- 
pared. with the increased results ob- 
tained from a $50,000 investment. 

J. E. WILLIAMSON. 


Superintendent, Finishing Mill, 
Highland Park Mfg. Co., 
Charlotte, N. C. 


Lubrication of 


Cranes and Hoists 
(Continued from page 420) 


time. Gears which are not en- 
closed may be lubricated by any of 
the special gear greases. | 

The lubrication of the mechanical 
hrakes on cranes is a very important 
matter. These are run in a bath of 
oil which should be changed fre- 
quently. Also, the brakes should be 
taken apart and examined every six 
months at least for wear and adjust- 
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ment. The lubrication of solenoid 
brakes should be taken care of as 
provided by the manufacturer. Care 
must be taken, however, that no 
lubricating oil is placed on the brake 
wheels of the solenoid or bridge 
brake. 

The cable also needs frequent 
lubrication. For this purpose a 
mixture of linseed oil and graphite 
or similar, special, cable lubricants 
should be used. Ordinary lubricat- 
ing oils should not be used. 

Electric hoists offer a different 
lubrication problem. These units 
are usually more compact than are 
cranes and also the working parts 
are practically always enclosed. This 
makes it much easier to provide 
lubrication for most of the gears by 
means of the splash or oil bath sys- 
tem. The oil well is usually filled 
from the outside and has some sort 
of gage or other means for indicat- 
ing the proper level. The frequency 
with which the oil should be drained 
from the compartment and refilled 
depends very much upon the amount 
of use and the conditions under 
which the hoist operates. The motor 
bearings are generally of the ring- 
oiling type or ball- or roller-bearing 
types, each of which has its own 
method of lubrication. 

In the lubrication of a hoist, con- 
siderable attention must be given to 
the temperature under which it oper- 
ates. Lubrication recommendations 
usually are included by the manu- 
facturer for three different condi- 
tions: outdoor winter operation or 
around ice plants, operation under 
ordinary temperature conditions, and 
operation where the temperature is 
over 140 deg. F. Manufacturers of 
lubricants will supply oils for use 
in the different bearings and oil 
reservoirs suitable for these various 
conditions. . 

Another article to appear in an 
early issue of INDUSTRIAL ENGINEER 
will discuss some of the problems in 
the lubrication of conveyors. 


Epirors’ NOrE: Acknowledgment is 
made to the following companies for 
assistance in supplying information and 
photographse used in this article: The 
Bassick Mfg. Co., Chicago, IIl.; Carr 
Fastener Co., Cambridge, Mass.; The 
Chisholm-Moore Mfg. Co., Cleveland, 
Ohio; The Cleveland Crane & Engineer- 
ing Co., Wickliffe, Ohio; The Euclid 
Crane & Hoist Co., Euclid, Ohio; 
Harnischfeger Corp., Milwaukee, Wis.; 
Keystone Lubricating Co., Philadelphia, 
Pa.; Link-Belt Co., Chicago, III.; North- 
ern Engineering Co., Detroit, Mich.; 
Shepard Electric Crane & Hoist Co., 
Montour Falls, N. Y.; The Tale & 
Towne Mfg. Co., Stamford, Conn.; 
Whiting Corp., Harvey, III. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 


Comments on Various Methods of 
Cleaning Motors 


To question as to the best method 
of cleaning motor windings is an 
interesting and important one. It is 
also one on which there is some differ- 
ence of opinion. I have used gasoline 
for cleaning windings, and alcohol 
for cleaning commutators and have 
never been able to find anything else 
that would clean motor windings of oil 
and sticky dust as well as they do. 

I do not see any advantage in baking 
an oil-soaked motor; if it does anything 
baking would probably do harm because 
the oil that had partially solidified 
would be run into the cracks in the 
insulation by the heat. There might 
be some small advantage in heating the 
motor and then washing with gasoline, 
but I prefer to clean them cold. Of 
course, after thoroughly washing it 
would be a good idea, if a bake oven is 
handy, to give the winding a dip in 
baking varnish of high oil-resistant 
qualities. If the oven is not handy an 
air drying varnish can be had that is 
practically oilproof. It is generally 
conceded by all authorities on varnish 
that the amber- or orange-colored var- 
nish is the more oilproof and the black 
varnishes are the more waterproof; 
that is, generally speaking. 

The gasoline may be applied to the 
winding with a brush, a rag, or blow 
torch. It seems to me that dipping the 
motors in gasoline would be too expen- 
sive unless a large number of oil- 
soaked motors were to be cleaned. 
Birmingham, Ala. GRADY H. EMERSON. 
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Changing Two-Phase Generator 
Winding to Three-Phase 


LARGE lumber concern purchased 

a second-hand, 90-kw., two-phase, 
2,200-volt, 277-r. p. m., 26- pole, 60-cycle, 
engine-type, revolving field a. c. gener- 
ator. After investigating the condition 
of the generator winding and the use of 
transformers to step down and convert 
two-phase to three-phase, it was decided 
to rewind the generator for three-phase, 
550-volt service. This was thought ad- 
visable, as the 2,200-volt, a.c. winding 
had been damaged in shipment and the 
insulation was not in the best of shape 
for hard usage. 

The 2,200-volt, two-phase winding 
was of the concentric-chain, hand-wound 
type, with the coil ends placed in two 
ranges, as shown in the accompanying 
diagram, the pole-phase group connec- 
tions for each phase being made on op- 
posite sides of the machine. 


The two-phase, 2,200-volt winding 
data were as follows: 156 slots, 78 coils, 
each coil consisting of 20 turns of No. 
10 d.c.c. wire, with a diameter of 0.102 
in., two wires wide by ten deep per slot, 
all turns per coil and groups were con- 
nected in series. There were 39 coils 
per phase, or 26 short pitch, 1-and-65, 
coils and 13 long pitch, 1-and-7, coils. 
The arrangement and connections are 
shown in the diagram. All the straight 
coils are in the A phase and all the bent 
coils are in the B phase. The average 
coil pitch of the two-phase winding was 
(4+4+6) +3 4.67, based on a 
double and single coil grouping for 
each phase. 

The method which was used in group- 
ing the coils of the two-phase winding 
to obtain the least number of different 
size coils is interesting. Since the 
stator had 156 slots and 26 poles there 
would be 156 + 26 = 6 slots per pole, 
or for two phases 6 — 2 = 3 slots per 
pole-phase. The inside coil of each 
group would require three unfilled slots 
between coil sides for the second phase 
coil sides, or its pitch would be 1l-and-5, 
or 4. The pitch of the middle coil would 
have to be l-and-7, or 6, and for the 
outside coil would be 1-and-9, or 8. The 
average pitch for the three coils in this 
case would be (4 + 6 + 8) +3 = 6. 

This results in three coils per group 
or six different coil sizes; that is, three 
straight, or A-phase coils, and three 
bent, or B-phase coils for the two 


Schematic diagram of a two-phase 
generator winding showing the 
original layout and connections of 
the coil groups and also a front 
view of the coil ends as they ap- 
peared in the machine. 
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ranges, or 13 coils of each size. With 
the 2-and-1 grouping shown in the dia- 
gram for this two-phase winding there 
are only four coils of different sizes; 
that is two straight and two bent for 
the A and B phases respectively. Only 
four different, size-forming blocks are 
required instead of six which would 
have been necessary with the three- 
coils-per-group winding. A saving in 
copper was also accomplished because 
the outside coil with the l-and-9 pitch 
would extend out farther and have a 
longer pitch than is required in the 2- 
and-1 group winding. 

The three-phase, 550-volt winding 
was figured as follows: The three-phase 
line voltage, using all the two-phase 
turns and a series-delta connection 
would be (2,200 x 2 ＋ 3) x (0.966 + 
0.911) = 1,555 volts. The figure 0.966 
is the three-phase distribution factor 
for two slots per pole per phase, which 
is the number of slots for the new three- 
phase winding, as 156 26 = 6 slots 
per pole and 6 ＋ 3 = 2 slots per pole 
per phase. The factor 0.911 is the dis- 
tribution factor for the two-phase wind- 
ing having three slots per pole per 
phase. It was impossible to rearrange 
the two-phase winding to obtain 550 
volts, three phase, and as a complete 
rewind was necessary, the correct turns 
per slot for a 550-volt, three-phase 
series-delta connection is equal to (550 
x 20) + 1,555 = 7. 

The cross-section of copper must be 
increased in the same proportion that 
the turns per slot were decreased. One 
No. 10 wire has an area of 10,381 cire. 
mils; then the new size of wire in circ. 
mils equals (20 X 10,381) — 7 29, 660 
circ.mils. The nearest standard B & S 
gage size is one No. 5, with 33, 102 


September, 1926 


cire.mils, The slot opening is 0.125 in. 
and the insulated size of No. 5 d. c. c. is 
0.194 in.; therefore to make a two-layer, 
threaded-in winding, a smaller wire 
must be used. A wire size should be 
selected that will allow the use of a 
mush (hit and miss) wound coil to fa- 
cilitate winding and handling of the 
coils. From a wire table, we find that 
eight No. 14 wires have an area of 
8 X 4,107 = 32,856 cire.mils, which is 
sufficient copper. 

Checking the slot room, the width of 
the slot is 0.423 in., allowing 0.066 in. 
for slot insulation; the wire space is 


then 0.423 — 0.066 = 0.357 in. One No. 


14 s.c.e. wire has an insulated diameter 
of 0.071 in.; therefore 0.357 — 0.071 = 
5, or the number of wires that can be 
placed side by side. Since the coils are 
wound with seven turns of eight No. 14 
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s. c. e. wires, they will be 56 ＋ 5 = 11 
wires deep, or the depth of the insulated 
wire will be 11.2 x 0.071 = 0.7952 in. 
The depth of the slot under the opening 
is 1.406 in.; consequently we have 
ample room. 

In order to provide more copper and 
a better insulated wire, we decided to 
try No. 13 d.c.c. and enameled wire. 
The insulated diameter of one No. 13 
d.c.c. and enameled wire is 0.0827; 0.357 
-- 0.0827 = 4, or the number of wires 
possible to place side by side. The 
coils would be 56 + 4 = 14 wires deep, 
and 14 x 0.0827 = 1.1578 in., which in- 
dicates that using the larger size and 
better insulated wire, we would still 
have ample slot and end room. Two 
0.023-in. fishpaper cells were used with 
a ts-in. fiber filler in the bottom of the 
slots. 


Number 


of Poles R.p.m 
2 Pis6 
4b. MOTOR SPEED 163 
CHART 
6 171 
8 180 
10 189 
12 200 
14 211 
10 225 
18 240 
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To determine speed of motor place 2 
straight-edge on number of poles G 
40 375 ＋ 900 
and on center of cross and read 
speed on right-hand column. For 
42 number of poles, place straight-edge 500 + 1200 
on synchronous speed and center 
of cross and read number of poles 
t on left-hand column. ee 2000 
46 1500-L 3600 
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Also a treated-cloth slider, 0.01 in. 
thick, was used inside the fish-paper 
cells and allowed to project up above 
the core to protect the wire when wind- 
ing it in. 

It was decided to use the one-coil-per 
slot, two-layer, diamond-end, group 
type of winding, as this would require 
the winding and the handling of only 
78 coils. 

With this type of winding the coils are 
put in in groups. For example, with 78 
coils, 26 poles, three-phase, one coil per 
slot, there will be (26 x 3) + 2 = 39 
groups, and 78 --39=2 coils per 
group. 

Since the coils are put in in groups 
of two each there must be two slots 
between the inside coil sides, or the 
average coil pitch is l-and-5, or 4, which 
is extremely close to the two-phase 
pitch of 4.67. 

Thus, the three-phase, 550-volt wind- - 
ing consisted of 78 coils, each wound 
with seven turns of eight No. 13 d.c.c. 
and enameled wire, pitch 1l-and-5, two 
coils per group, 39 groups connected 
series-delta. 

All of the ends of the coils were taped 
with one half-lapped layer of 0.01-in. 
treated-cloth tape and one half-lapped 
layer of 0.007-in. cotton tape. The 
coils were of the mush puller type and 
provided, at a reasonable cost, a wind- 
ing that will stand considerable over- 
load without a serious rise in temper- 


ature. 
Wilkinsburg, Pa. A. C. ROE. 
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Chart for 
Determining Speed or Number 
of Poles in Motor 


HEN making speed changes, and 

on other occasions, it is often 
necessary to determine the speed or 
number of poles in which the stator of 
an induction motor is wound. 

If the frequency and either the speed 
or number of poles are known the other 
value may be found by means of the 
accompanying chart, which was drawn 
up to show the relation between the 
number of poles and the synchronous 
speed of induction motors operating at 
25 and 60 cycles. 

This chart is based on the formulas, 
P = (120 x F) + r. p. m., and r.p.m. = 
(120 x F) — P, in which P equals 
number of poles, F is the frequency and 
r.p.m. represents the revolutions per 
minute. 

When using the formula first given 
to determine the number of poles, the 
synchronous speed should be taken. 
The full-load speed must not be used, 
as it will not give a whole number of 
poles. 

When using the chart to determine 
the number of poles, place a ruler or 
straight-edge on the synchronous speed 
shown in the left-hand column and on 
the center of the cross, and read the 
number of poles that is indicated in the 
right-hand column. 

Should it be desired to find the speed 
with a given number of poles, place the 
ruler on the figure representing the 
number of poles and on the center of 
the cross, and read the speed on the left- 
hand column. CHAS. F. CAMERON. 
Rock Springs, Wyo. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costa. 


New Flexible Shaft Coupling 


EW flexible shaft couplings are 
being marketed under the name of 
Flexoid, by the Smith Power Transmis- 
sion Co., 1218 Ontario St., Cleveland, 
Ohio. Two views of this coupling are 
shown in the accompanying illustration. 
This coupling consists of two cast-iron 
flanges coupled together with one or 
@ 


more flexible fabric disks in such a 
manner that there are no metal-to- 
metal bearing surfaces. 

A joint of high strength and flexibil- 
ity is claimed for this coupling which 
is designed to permit a 6-deg. misalign- 
ment of the shafts without chatter, ac- 
cording to the manufacturer, who also 
states that the fabric is especially 
treated, is impervious to oil and water, 
and insures complete electrical insula- 
tion of the sections of the shaft. No 
lubricant is required for this coupling. 

These couplings are made in eight 
sizes with capacities from 0.2 to 10 hp. 
at 100 r.p.m. The manufacturer also 
states that these couplings can be used 
on reversing drives and other services 
with shock loads, as well as either hori- 
zontally or vertically. 


Three-Element Watt-Hour Meter 


POLYPHASE watt-hour meter hav- 

ing three single-phase elements 
has been introduced by the General 
Electric Co., Schenectady, N. Y. Two 
designs are available, the side-con- 
nected, house-pattern, type D-9, and 
the back- connected, switchboard-pat- 
tern, type DS-9. The three-element 
type of meter, only recently developed, 
is intended for metering four-wire, 
three-phase circuits and is recom- 
mended where the highest accuracy is 
required, particularly when the circuit 
is unbalanced. 

The same fundamental principle used 
in the two-element type of meter is 
utilized in the three-element types, in 
both service and switchboard forms. 
The meter is simply lengthened to ac- 
commodate another single-phase ele- 
ment which is attached to the base in 
the same manner as the other, and is 
equipped with the same balancing ad- 
justments. The new meters embody 
the same features which characterize 


the two-element type, and, in addition, 
provide the extra element necessary for 
correctly metering on the three-watt- 
meter principle any four-wire, three- 
phase circuit. 

This same construction is often use- 
ful for special metering applications 
such as totalizing two separate cir- 
cuits, for example, a three-wire, two- 
or three-phase power circuit and a 
single-phase lighting circuit. 


Frequency Changer for Operating 
Small Motors 


HE frequency changer shown in the 

accompanying illustration has been 
designed and is being marketed by 
Forbes & Myers, 172 Union St., Worces- 
ter, Mass., for high-speed operation of 
individual small induction motors. This 
small, compact unit has the driving 
motor for the changer in the same 
frame and core as the frequency 
changer itself. In this illustration, the 
cover is removed to show the three 
rings for collecting the high-frequency 
current. 

The unit illustrated is rated at § kva. 
for the operation of a 4-hp. motor. This 
particular unit operates on 220-volt, 
three-phase, 60-cycle current and de- 
livers three-phase power at 60 cycles, 
110 volts and 240 cycles, 270 volts. This 
unit is designed for the operation of a 
two-speed motor which is wound for 
1,800 and 3,600 r.p.m. on 60 cycles. The 
240-cycle current gives the two addi- 
tional speeds of 7,200, and 14,400 r.p.m. 
on this same two-speed motor, which 
changes it into a four-speed motor. 

High-speed motors are usually oper- 
ated on three-phase current; however, 
the frequency changer can be built, it is 
stated, to operate on either two- or 
three-phase or even single-phase power 
and have the change made to three- 
phase power at the same time as the 
frequency is changed. 

According to the manufacturer, the 
construction of this frequency changer 
is identical with that of a slip-ring in- 
duction motor, except that there are 
two independent windings in the same 
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slots of each rotor and stator. . If addi- 
tional frequencies are desired from the 
same frequency changer at the same 
time, they can be secured by using an 
additional winding for each additional 
frequency. 


Gas-Electric Industrial Crane 
Truck with Magnet 


N INDUSTRIAL crane truck in 
which the power for operating the 
driving or hoisting motors as well as 
the lifting magnet is supplied by a gas- 
oline engine and generator mounted on 
the truck in place of the storage bat- 
tery, has been announced by the Baker- 
Rauling Co., Cleveland, Ohio. This is 
known as the type S-477 and has a 
capacity of 1,000 lb. on a 40-in. radius. 


The accompanying illustration shows 
the use of this truck with a 20-in. cir- 
cular type, Ohio Electric & Controller 
Co., Cleveland, Ohio, magnet designed 
to operate on 1,320 watts for handling 
castings in bags while loading or un- 
loading from box cars or handling in 
storage. This magnet could be used as 
well for handling loose castings. It is 
said that in one instance this crane 
truck unloaded a car of loose castings 
in 45 min., the best previous record 
being 3 hr. for four men. 

The power for operating the travel 
and hoisting motors as well as the 
magnet is supplied by a gas-electric 
unit manufactured by the Ready-Power 
Co., Detroit, Mich. This unit consists 
of a compound-wound, ball bearing gen- 
erator with a maximum capacity of 
250 amp. at 30 volts, which is connected 
by a silent chain drive to a four-cylinder, 
Continental gasoline engine operating 
at 1,000 r.p.m. 
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Temperature Overload Relay 


EDESIGNING of the temperature 

overload relay TC-121 has been 
announced by the General Electric Co., 
Schenectady, N. Y. This relay has two 
heating elements connected in each two 
phases, so that complete protection is 
provided for single-, two- or three- 
phase motors. On d.c. circuits, the 
heating elements are connected on each 
side of the line. The improved relay is 
known as the form C, or TC-121-C. 
According to the manufacturer, the im- 
provements in design allow the use of 
renewable heating elements, prevent the 
bending of thermostatic strips by oper- 
ators, and include a better mechanical 
construction. The relay is reset by 
means of a cord and button suspended 
from the bottom. 
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Motor-Driven Wire Stripper 


MACHINE for stripping the insu- 

lation from the ends of wire is 
being put on the market by the France 
Wire Stripper Co., 255 Erie Bldg., 
Cleveland, Ohio. This device, known 
as the Speederaft Wire Stripper,” 
consists of revolving knives that are 
driven by a motor. The distance be- 
tween the cutting edges of the knives 
is adjustable for removing insulation 
from different sizes of wires. The 
length of the stripped portion is also 
controllable. 

The machine twists together the 
strands of wire at the same time that 
the insulation is removed. However, 
the manufacturer states that none of 
the strands will be cut off during the 


tive stop which permits the removal of 
all of the insulation without injury to 


the conductor. Standard machines will 
handle any size of wire up to a 
diameter of 4 in. over the insulation, 
and will strip the insulation off the 
end for any desired length up to a 
maximum of 33 in. 
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Portable Electric Pipe Machine 


NNOUNCEMENT is made that Hall- 
Will, Inc., Erie, Pa., have placed on 
the market the Red-E-Hall portable 
electric pipe cutting and threading ma- 
chine which will handle 34-inch. to 2-in. 
pipe, and 34-in. to 14-in. bolts. It is 
stated that this machine may also be 
used as a power unit by connecting in 
a universal shaft to drive hand stocks 
up to 12 in. While this tool is designed 
as a portable machine, it can be changed 
over to a stationary machine by remov- 
ing the wheels and bolting down. 

The machine is of malleable-iron and 
steel construction and weighs 450 lb. 
Portability is obtained by a built-in 
truck with double swivel casters at the 
front, which elevate the front of the 
machine when the handle is moved for- 
ward. 

The friction clutch for starting and 
stopping is operated by the lever handle 
at the top of the machine. The drive 
is obtained from a I-hp., 1,750-r.p.m., 
reversible motor bolted directly to the 
main frame, as shown. This motor is 
connected to the head by a silent chain 
drive and is operated by push or turn- 
button control with stop, start, and re- 
verse control attached to the outside of 
the bed where it is convenient for the 
operator. 
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Timken roller bearings are installed 
on all drive shafts. This pipe machine 
has three speeds, including an extra 
fast, for cutting off. All gears and 
shafts run in oil and speed changes are 
made by a selective sliding gear sys- 
tem with a neutral position between all 
shifts. All oil for cutting is supplied 
by a rotary, geared, reversible oi] pump 
driven directly from the motor at con- 
stant speed. A large oil reservoir is 
mounted on the frame. 


Portable Acetylene Generators 


NNOUNCEMENT is made by The 

Bastian-Blessing Co., 240-258 E. 
Ontario St., Chicago, Ill., that the new, 
portable Rego type PA acetylene gen- 
erator has been listed as approved by 
the Underwriters’ Laboratories. This 
generator is made in 30- and 60-lb. 
capacities in both portable and station- 
ary types, which have normal generat- 
ing capacities of 30 and 60 cu.ft. per 
hour.respectively and maximum capaci- 
ties twice as great. 


New Paint Spray 


ASE and simplicity of operation 
are claimed as the outstanding 


features of the new Milburn paint 


spray, shown in the accompanying 
illustration, which has recently been 
announced by Alexander Milburn Co., 
1416-1428 Baltimore St., Baltimore, 
Md. In this device the paint enters a 
large annular chamber surrounding the 
air nozzle, from which it is atomized 
and expanded in a venturi-shape. The 
atomization is regulated by a turn of 
the nozzle from a small to a large 
spray, or is entirely shut off, which 
brings into play a stream of air for 
dusting purposes. An air pressure of 
40 lb. is ordinarily used, but this can 
be varied to suit the work. Carbonic 
acid gas tanks may be used with the 
spray, it is stated. 

The manufacturer asserts that this 
paint spray is light and employs a 
simplified principle of construction 
which accounts for the absence of 
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moving parts and passages which may 
clog. This spray may be used for coat- 
ing either walls or irregular surfaces 
with paint, varnish, oil or other similar 
coatings. 


Direct-Acting, Time-Limit 
Attachment for Circuit Breakers 


EW attachments for standard-type 
circuit breakers, which prevent the 
latter from opening until an abnormal 
current has existed for an unusual 
length of time, or where there is an 
overload of such high value as to be 


equivalent to a short-circuit, have been 
announced by the Roller-Smith Co., 233 
Broadway, New York, N. Y. These 
direct-acting, time-limit attachments 
are designed especially for use where 
circuit breakers are used for motor pro- 
tection because the starting current on 
the majority of motors is considerably 
in excess of the running current, thus 
necessitating the use of a_ circuit 
breaker which will not open during the 
normal starting period. 

This attachment consists of paddles 
which are mounted in a cast, quadrant- 
shaped chamber filled with oil. The 
operation of the device is described by 
the manufacturer as follows: When 
the circuit in the overload coil of the 
breaker increases to the point where the 
magnetic pull of the core, is sufficiently 
strong to attract the overload armature 
this armature is attracted upward in 
exactly the same fashion as on a regu- 
lar breaker. The upward motion, how- 
ever, is retarded by the suction which 
exists between the paddles. Because of 
the accurately ground surfaces of these 
two paddles and the fact that they are 
submerged in oil, a comparatively 
strong pull must be exerted to separate 
them. If the pull of the overload core 
pin continues long enough or reaches 
a high point, due to a very heavy over- 
load or short, the seal between the two 
paddles is broken and the armature 
rises, which instantly drives the handle 
and lever over and trips the breaker in 
the conventional manner. 

This direct-acting, time-limit attach- 
ment is secured to the outside housing 
of the outside poles on multiple-pole 
breakers by means of two bolts. The 
time-limit attachments are shipped 
mounted on the breaker, but without 
the oil, which is supplied and shipped 
in a separate can. 
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Trade Literature 


you should know about 


Copies of literature which ts described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Man-Cooling Fans—A circular de- 
scribes the Giant Portable Man-Cooler. 
—American Blower Co., Detroit, Mich. 


Power-Factor Correction — Bulletin 
146 relates the experience of the Amer- 
ican Gas & Electric Co. in power-factor 
correction by the consumer.—Wagner 
Electric Corp., St. Louis, Mo. 


Motors—A circular illustrates and 
describes the stator construction and 
field windings of Century squirrel-cage, 
polyphase induction motors.—Century 
ao Co., 1806 Pine St., St. Louis, 

o. . 


Belt Clamps—A circular illustrates 
the application and the advantages of 
Petrol belt clamps for use in connect- 
ing fabric base belts on heavy-duty 
service.—Victor Balata & Textile Belt- 
ing Co., 38 Murray Street, New York, 
N. 


Safety Lubricator—A 48-page book- 
let of questions and answers discusses 
lubrication problems and their solution 
by means of the Keystone Safety Lubri- 
cating System. A number of illustra- 
tions show applications in different in- 
dustries.—Keystone Lubricating Co., 
Philadelphia, Pa. 


Belt Adjuster —A circular describes 
the Medart short-center belt adjuster 
for use on open belt drives where the 
centers are close and speed reductions 
high.—The Medart Co., Potomac & De 
Kalb Sts., St. Louis, Mo. 


Steel Roofs—A new booklet entitled, 
“Truscon Roofs of Security,” illustrates 
the application of Ferrodeck and I- 
Plates steel-deck roofs for making 
permanent light-weight non-combus- 
tible roofs for all kinds of buildings.— 
Truscon Steel Co., Youngstown, Ohio. 


Tool Steel Pinions—Circulars and 
bulletins describe the advantages of 
using hardened, tool steel pinions and 
gears and the savings possible over the 
use of parts made of untreated mate- 
rial.— The Tool Steel Gear & Pinion Co., 
Cincinnati, Ohio. 


Roller Bearings—A circular entitled, 
“Hyatt Roller Bearings for Your Mill 
and Crane Type Motors,” gives a 
diagrammatic illustration of an adapter 
for replacing existing plain bearings in 
several types of mill motors with Hyatt 
bearings.— Hyatt Roller Bearings Co., 
Newark, N. J. 


Whiting Products—Catalog 175 under 
the above heading is a condensed cata- 
log of the equipment manufactured by 
the Whiting Corp., and its subsidiaries. 
The Whiting products consist of cranes, 
foundry equipment, railway equipment, 
special machinery. Products of the sub- 
sidiaries are evaporators, crystallizers, 
pulp mill and sugar machinery, and pul- 
verized coal systems.—Whiting Corp., 
Harvey, III. 


Air Filters — A 32-page catalog 
describes the construction and operation 
of the Phoenix constant-effect air filter, 
in which the air passes through a rota- 
table screen covered with a viscous 
film. — Drying Systems, Inc., 1800 
Foster Ave., Chicago, Ill. 


Steel Belt Lacing—A circular gives 
the advantages gained, illustrates the 
application, and lists the sizes of Alli- 
gator steel belt lacing for belts of 
various thicknesses. — Flexible Steel 
Lacing Co., 4607-31 Lexington St., Chi- 
cago, III. 


Distribution and Street Lighting 
Equipment — Sectional Catalog 26 
covers a line of street lighting equip- 
ment and accessories as well as a line 
of specialties, distribution equipment, 
protective devices and pole line hard- 
ware manufactured by this company.— 
Line Material Co., So. Milwaukee, Wis. 


Crane and Hoist Lubrication— 
Lubrication Bulletin 98 discusses and 
illustrates with phantom views the 
method of lubrication of the various 
types of electric cranes and hoists 
manufactured by this company.—Shep- 
ard Electric Crane & Hoist Co., Mon- 
tour Falls, N. Y. 


Grounding Devices A 6- page circu- 
lar gives data on Copperweld non-rust- 
ing ground rods and describes and lists 
such equipment manufactured by this 
company. Another bulletin discusses 
“The Electrical Characteristics of 
Driven Grounds.”—Copperweld Steel 
Co., Braddock P. O., Rankin, Pa. 


Wire Rope—An 88-page Wire Rope 
Users’ hand book and price list dis- 
cusses recent developments in wire rope 
making and contains the regular cata- 
log descripton and specifications for 
wire rope and auxiliaries, as well as a 
large amount of engineering and oper- 
ating data. American Cable Co., Inc., 
105 Hudson St., New York, N. Y. 


Flexible Couplings—A folder ilus- 
trates four special types of Fast's flex- 
ible couplings and describes the special 
service for which they are designed. 
These couplings include the mill type, 
cut-cut type, and telescopic couplings, 
as well as a special double coupling for 
excessive misalignment.—The Bartlett 
Hayward Co., Scott & McHenry Sts., 
Baltimore, Md. 


Manual Controllers—Bulletin 100 de- 
scribes the line of Clark manual con- 
trollers of an improved, faceplate type 
for heavy-duty service, which are suit- 
able for overhead electric cranes, charg- 
ing machines, mill tables or any appli- 
cation where reversing of the motor is 
necessary and where hard operation is 
suitab'e.—The Clark Con‘roller Co.,, 


1146 E. 152nd St., Cleveland, Ohio. 
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Dise Clutches = Bulletins describe the 
new Edgemont type E disc clutch for 
use on lineshafts.— The Edgemont 
Machine Co., Dayton, Ohio. 


Fuse Disconnects— Bulletin 118 illus- 
trates and describes the line of Three-E 
outdoor expulsion fuse disconnects.— 
Electrical Engineers Equipment Co., 
Chicago, III. f 

Welding and Cutting Apparatus— 
Catalog 172C, vest-pocket size, de- 
scribes the Milburn welding and cutting 
apparatus and welding generator.—The 
Alexander Milburn Co., Baltimore, Md. 


Pole Line Hardware—Catalog 612 
lists, describes and give specifications 
of the Truscon hot galvanized pole line 
hardware and specialties.—Truscon 
Steel Co., Youngstown, Ohio. 


Bakelite Applications — A 32-page 
reprint of a multiple-page insert of ad- 
vertising of Bakelite and Bakelite users 
shows a wide variety of applications of 
this product.—Bakelite Corp., 247 Park 
Ave:, New York, N. Y. 


Automatic Pumping—The 24-page 
Booklet 400a treats this subject from a 
purely technical standpoint and gives 
several new methods of making cen- 
trifugal pumps automatic.—Barrett, 
Haentjens & Co., Hazelton, Pa. 


Cotton Mill Lighting—Booklet I-3 
discusses the problems connected with 
the lighting of the various departments 
of cotton mills.—National Lamp Works, 
General Electric Co., Nela Park, Cleve- 
land, Ohio. 


Lubricating Equipment—Pocket-size 
catalogs describe the Detroit force-feed 
oilers for continuous lubrication of a 
number of bearings on pumps, compres- 
sors, engines, and other machinery.— 
Detroit Lubricator Co., Detroit, Mich. 


Steel Belt Lacing—Catalog 22 illus- 
trates the application and lists the 
various sizes of hooks and the different 
lacing machines for connecting belts.— 
Clipper Belt Lacer Co., 974-1042 Front 
Ave., N. W., Grand Rapids, Mich. 


Tramrail Systems — A series of 
folders illustrate a number of applica- 
tions of Cleveland tramrail systems 
handling material in process.—Cleve- 
land Electric Tramrail Division of the 
Cleveland Crane & Engineering Co., 
Wickliffe, Ohio. 


Non-Metallic Gears—A booklet dis- 
cusses the uses and advantages claimed 
to result from using silent gears of 
Fibroc for industrial purposes. Par- 
ticular attention is called to the Fibroe 
GR self-lubricating gear material which 
is impregnated with graphite.—Fibroc 
Insulation Co., Valparaiso, Ind. 


Industry’s Electrical Progress—-Pub- 
lication C-37 under the above title is 
an interesting 36-page booklet bound in 
board. This book shows in a non- 
technical way the growth of the appli- 
cation of electricity to industrial pur- 
poses, the progress made in the design 
of electrical equipment, and gives 
numerous non-technical but interesting 
examples of results accomplished by the 
use of correct motor control equipment. 
Many actual installations are shown. 
A copy will be sent upon request on a 
business letterhead.— The Cutler-Ham- 
S Mfg. Co., 150 12th St., Milwaukee, 
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tric motor into industry and 
for some time afterward prac- 
tically all machinery was driven from 
lineshafts which, in turn were con- 
nected to steam engines or water- 
wheels by belts or ropes. As large 


Bees the advent of the elec- 


engines were more economical, the- 


size of these lineshafts was increased 
both in length and in diameter until 
it was not uncommon to use shafts 
from 4 to 6 in. and even larger in 
diameter, and often over 200 ft. 
long. Frequently, the lineshafts on 
several floors of a mill or 
factory were driven by a 
single engine through a 
complicated connection of 
mainshafts, jackshaft and 
clutches. 

Large shafts require large 
bearings and heavy belts 
which, in turn, necessitated 
heavy pillow blocks, floor 
stands or hangers. Also, it 
was the general practice to 
step down the diameter of 
the shaft with the increase 
of the distance from the 
driving pulleys or sheave, 
which resulted in a night- 
mare of sizes of shafts and 
bearings, and pulleys with 
a wide variety of bores. The 
advent of the split pulley 
with adjustable bushings 
solved the pulley problem to 
acertain extent. The indus- 
trial period just described 
was one of complete me- 
chanical drive. „ 

In those days when the en- 


This is a 


tire transmission line was practically 
a single inter- connected unit, or at 
least entirely, dependent upon the 
central main driveshaft, a bearing 
failure in an important location 
would often shut down the entire 
plant. One of the main requisites of 
the Master Merchanic or Millwright 
in charge of the transmission line 
was the ability to “nurse” a hot bear- 
ing until quitting time. Each man 
had his own remedy, such as salt 
water, beer, and many “mysterious” 
concoctions of which he alone knew 
the recipe. When a bearing became 
dangerously warm, a man was sta- 
tioned at it to flood it with his 


This JFS variable-speed transmission is installed in a 
Midwestern silk mill. 


new ty 


he crank, which 


of variable-speed transmission, the 
construction of which is explained and illustrated on page 
495. is mounted below the platform, 
operates the sprocket speed-changing wheel on the unit by 
means of the chain. In textile mill work, the variable-speed 
transmission is of special advantage in obtaining the 
apena for any condition of humidity, quality, or size ot 

product. ; 


favorite cooling solution. Scientific 
lubrication and a knowledge of 
methods of reducing friction were 
unknown. 

With the perfection of electric 
motors many of these engines were 
scrapped or connected to generators, 
and the motors belted up to line- 
shafts which, in many cases, were 
merely sections of the old shaft. As 
a result, many of these shafts were 
larger than necessary and had heavy 
friction losses in old bearings. Be- 
cause it was easier to measure the 
power used by a motor than by an 
engine, industrial operating men be- 
gan to study the load on the motor 
both with and without the 
machine load. It was in 
this way that the heavy 
friction loss of the old-type, 
oversize lineshaft, operating 
in plain bearings, was dis- 
covered. 

Some industrial men be- 
came convinced that the way 
to eliminate this friction 
loss was to take out all the 
shafting and bearings and 
connect the motor to the in- 
dividual machine. Several 
textile mills where, in addi- 
tion to the friction loss, oil 
dripping from overhead 
bearings caused consider- 
able damage to the product, 
made installations in which 
each machine had its indi- 
vidual motor. These instal- 
lations were described in 
the technical press and dis- 
cussed extensively in engi- 
neering gatherings. As a 
result, about 10 or 15 years 
ago, industry in general be- 
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gan to take a decided trend toward 
individual motor drive. That may be 
called a period of electric drives. 

In some cases, individual drive was 
installed because other plants were 
making the change and without any 
careful analysis as to whether it was 
the most advantageous or economical. 
The high cost of making the change 
was probably the greatest deterrent 
to more widespread adoption of in- 
dividual drive. New installations in 
many lines of industry were quite 
generally made with individual drive. 

Within the past few years indus- 
trial operating men have begun to 
study and analyze their power trans- 
mission problems. The electric 
motor is becoming generally ac- 
cepted as the logical and most eco- 
nomical driving unit. One man 
interviewed believes, however, that 
the steam engine will return as the 
driving unit in certain industries, 
such as in paper manufacture, where 
low-pressure steam is used in the 
process. Nevertheless, few indus- 
tries dispute the advantage of the 
motor. The question now is, How 
can it be used to the best advantage? 

Several of these factors which are 
responsible for the new attitude 
toward the method of applying the 
motor to its load are mentioned here 
and will be discussed more fully later 
in the article. For example, the 
increasing use of ball and roller 
bearings on lineshafts has decreased 
the friction loss and removed this ob- 
jection to lineshaft drives. Wide 
publication of the investigations of 
The Leather Belting Exchange in 
their research work has shown in- 
dustry the best methods of using 
leather belt, and pointed out its ad- 
vantages and economy. Also, tests 
made under the supervision of this 
Exchange have indicated to the belt 
manufacturer methods whereby he 
has improved his product. Manu- 
facturers of fabric base and rubber 
belts have likewise improved their 
product. Also, the series of articles 
by Robert W. Drake, Electrical En- 
gineer, McCormick Works, In- 
ternational Harvester Company, Chi— 
cago, III., entitled, “When to Use 
Group and Individual Drive,“ which 
appeared in the February, March, 
and April, 1924, issues of INDUSTRIAL 
ENGINEER, and of which upwards of 
70,000 reprints were distributed in 
industry, have set industrial men to 
thinking that the decision on whether 
group or individual drive should be 
installed should be based upon an 
analysis of the drive and the prob- 


[INDUSTRIAL ENGINEER 


lems connected with it. In addition, 
during the past several years, there 
have been added a number of 
mechanical devices, such as silent 
chains, clutches, flexibie couplings, 
speed reducers, variable-speed trans- 
missions, silent gears, short-center 
belt drives, and other devices for 
connecting the motor to its load. 
Added types or improvement to a 
rumber of these have been an- 
nounced within the past year. All of 
these factors have tended to make 
both group and individual drive more 
reliable. Practically every application 
of a motor to its machine now has 
pulleys, a belt, lineshaft, sprockets, 
chains, gears, flexible couplings, 
speed reducers, or other mechanical 
elements introduced between the 
motor and its load. 

When operating executives con- 
sider the extent of the use of power 
in industry, they will appreciate the 
importance and large total saving 
which could be made tkrough a small 
economy in the use of power. It has 
been estimated through recent sur- 
veys that industrial plants are now 
using about 23,552,665 horsepower, 
which is applied through some 1,936,- 
114 motors. The types of drive used 
in connection with these motors are 
divided approximately as follows: 
belts, 990,312; chains, 101,181; and 
direct, that is, through couplinzs, 
gears, speed reducers, and so on, 
835,699. The trend of future 


analysis will be watched with con- 


siderable interest by industrial men. 


In this plating plant the buffing 
heads are driven from a Daggett 
ball-bearing, loose-pulley counter- 
shaft. 


‘favor the 


Vol.84, No.10 


The present trends in power trans- 
mission will be discussed under the 
various sub-headings of the different 
auxiliary equipment used in connect- 
ing the motor to its load. 

Group or Individual Drives—As 
stated before, the day of the long, 
heavy lineshaft is past. Also, there 
seems to be a more general tendency 
not to go to the extreme and make a 
whole plant individually driven, 
which results in a better balance be— 
tween group and individual drives, 
according to the use or service con— 
ditions surrounding the installation. 
For example, in the woodworking de— 
partment of plants, machines are 
commonly individually motorized. 
Some of the reasons for this are that 
woodworking machines are operated 
at high speed (often a frequency 
changer is used to increase the motor 
speed) and so the motor can be con- 
nected directly to the shaft of the 
machine, or with comparatively little 
increase or reduction of speed 
through a belt or other type of trans- 
mission. Also, the machines are 
usually widely separated to give floor 
storage space and seldom positioned 
in a line. In addition, one or more 
machines may be idle for a consider- 
able period. All of these reasons 
individual motor-driven 
unit. 

On the other hand, where machines 
are alike and operate as a group 
and in a straight line and where the 
majority or none are operating at 
any one time, as in a battery of screw 
machines, lathes, milling machines, 
and so on, group drive through a 
lineshaft has economical operating 
advantages which should be con- 
sidered. Some of these advantages 
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are: The horsepower rating of the 
single motor on the group is much 
less, commonly 1 to Z of the total 
corresponding rating of the motors 


on individually-driven machines, 
which gives more economical opera- 
tion of the motor and a lower instal- 
lation cost. Also, the machines are 
grouped and the lineshaft can be 
short, usually. ö 

Where production layout demands 
that machines in small groups be 
placed out of line as in the so-called 
“unit production” plan in automobile 
plants, it is not always feasible to 
use a lineshaft. Also, flexibility of 
operation is of great importance in 
such cases and so individual drives 
are often used. 

It is easily appreciated that any 
discussion of the type of drive on 
each machine or group of machines 
is an individual problem which 
should be determined by a study of 
the operating conditions, such as: 
relation to other machines, continu- 
ous or intermittent operation, rela- 
tion of starting load to running 
load, operating flexibility required, 
original and operating cost, probable 
maintenance requirements, and other 
factors, which cannot be taken up at 
length in this article. 

Lineshafts—In group drives in- 
stead of placing as many machines 
as possible in a single large group, 
the more general practice today is to 
subdivide these machines into 
numerous small groups of approxi- 
mately uniform size. In different 
plants visited during the past year, 
it was the practice to standardize 
tor each group the size of the motor, 
the lineshaft diameter and ‘speed, 
and, as nearly as possible, belt 
widths and pulley sizes. The stand- 
ard sizes adopted for the motors for 
each group varied with the operating 
conditions in these plants. In a few 
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This is a typical example of a ma- 
chine shop with individual drive. 


This illustration was taken in one of 
the plants of the Westinghouse Electric 
& Mfg. Co. 
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plants handling light work and using 
comparatively small machines, the 
groups were standardized to 15-hp. 
motors and in others to 20-hp. 
motors. Motor standards of 25 hp. 
and 35 hp. were used in other plants 
with heavier machines. One large 
plant with a wide variation of light 
and heavy work had three standard 
size groups driven by 25-, 50-, and 
75-hp. motors, respectively. 

Standardizing of the group size 
and speed requires fewer spare 
motors. Speed is standardized by 
making all driving pulleys on the 
shaft of the same diameter and put- 
ting on each motor a pulley which 
will give the proper reduction. 
Whenever a motor is changed the 
belt will fit on the new one because 
these pulleys are standardized. The 
men in each shop visited took pride 
in stating how quickly they could 
change a motor. 

One Midwestern mill supply house 
reports that practically all the line- 
shafting sold is either 2%, 216, 2 , 
or 216 in. in diameter, which is a 
fair indication of the comparatively 
small size of the group drive today. 
Some shafting below 2 in. in diam- 
eter is sold to the tailor shops and 
other light manufacturing plants. 
Comparatively little call is made for 
shafting over 3 in. in diameter and 
this is largely for replacement or ad- 
dition to existing lines. 

With the increasing use of ball, 
roller and tapered-roller bearings for 
lineshafts, the compression type of 
coupling is becoming more generally 
used than flange couplings. This is 
because compression couplings are 
much more easily removed when it is 
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necessary to slip bearings on or off 
over the end of the shaft. | 

Many new industrial plants are 
simplifying the problems that are in- 
cidental to the erection and shifting 
of lineshafts by the use of special 
steel shapes for supporting the shaft. 
These shapes of the Midwest (Mid- 
west Steel & Supply Co.) type are 
inserted in the forms in cencrete 
buildings before the concrete is 
poured and the stringers, which are 
also of special steel shapes, are at- 
tached to these inserts. When a 
building is constructed these inserts 
are placed at convenient distances 
apart throughout the entire ceiling 
so that a lineshaft may be easily 
erected anywhere. Because of 
changes in production demands the 
machinery and the shafting are 
shifted frequently in many plants 
and such construction simplifies mak- 
ing the change. The use of special 
steel shapes is not confined to con- 
crete buildings and to new construc- 
tion, however. In many old steel 
frame or mill-type industrial build- 
ings these shapes are also used as 
stringers and footings. Because 
wood is less expensive in first cost 
and is universally accessible, it is 
perhaps more widely used for sup- 
porting shafting, however. 

Industrial men are beginning to 
realize more clearly the importance 
of substantial supports for the line- 
shaft as well as the proper alignment 
and frequent re-alignment. Depart- 
ments which have this work to do 
are keeping their forces employed 
steadily on general plant main- 
tenance work so that they have bet- 
ter trained men for these jobs when 
called upon to shift machinery or a 
shaft on short notice. Trouble in 
many cases is no doubt attributable 
to the use of low-grade workmen in 
the erection and installation of the 
shafts and bearings. 

Bearings—One of the most im- 
portant steps toward the moderniza- 
tion of lineshaft drives has been the 
development of special hanger boxes 
with ball, roller, or tapered-roller 
bearings for use on lineshafts. These 
are of two general types: one in 
which the hanger box and hangers 
are specially built as a unit, and an- 
other, commonly known as the dumb- 
bell type, which is now available 
with any of the three types of bear- 
ings. This dumb-bell type is made 
to fit the various standard types of 
hangers and replaces the old hanger 
box. Some of the well-known types 
of so-called anti-friction bearings 
which have been put into hanger 
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Screw machines are a type of 
equipment which is well adapted to 
group drives. 

In this case a battery of screw ma- 
chines at the Addressograph Co., Chi- 
cago, III., is operated from a group 
The mainshaft is driven by 
a motor through a Link-Belt silent 
chain, The lineshaft bearings are all 
Dodge-Timken. 


boxes for power transmission work 
are: Chapman, Daggett, Dodge-Tim- 
ken, Hyatt, Woods-Fafnir, and SKF. 
Some of these have been on the mar- 
ket for a number of years and have 
well demonstrated the advantages 
claimed for such use of anti-friction 
bearings. Others have been an- 
nounced within the past year or two 
and additional lineshaft bearings are 
under process of development. 

Manufacturers of these bearings 
have issued statements of tests 
which indicate a large saving in fric- 
tion loss through their use. Another 
important advantage, in addition to 
the reduction of the friction loss, is 
that they need infrequent lubricating 
attention in contrast to the older 
type of bearing which required atten- 
tion every day, or oftener, and in 
many cases failed or caused trouble 
through neglect for a short time 
only. These bearings require atten- 
tion approximately only from one to 
four times a year, depending upon 
the service conditions. It is stated 
that in general these bearings suffer 
more from over-lubrication than 
from under lubrication. This is es- 
pecially true where the lubricant, 
particularly grease, is forced in and 
the bearing filled under pressure. 
Lubrication problems, however, will 
be discussed later in this article as 
well as in the article on page 482. 

A large proportion of new installa- 
tions of lineshafts have bearings of 
the anti-friction type. In many other 
cases, plants are gradually modern- 
izing their lineshafts by replacing 
their old bearings with the newer 
type whenever the old bearings 
cause trouble, or when the shaft is 
shifted to a new location. One large 
manufacturing plant in Chicago has 
followed this practice of replacing all 
troublesome bearings with new anti- 
friction bearings and discarding all 
old bearings on the entire shaft 
whenever it is moved, until prac- 
tically the entire plant, containing 
several thousand bearings, is 80 
equipped. This is a typical example 
of what is being done in many other 
industrial plants. 

With the use of these anti-friction 
bearings many plants have speeded 
up their lineshafts until 500 r.p.m. is 
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not at all uncommon, particularly on 
grinding or buffing operations. Also, 
in numerous instances where these 
bearings are used, the motor has 
been connected on to the end of the 
lineshaft through a flexible coupling 
and is operated at the motor speed, 
which in one case was 1, 150 r. p. m. 
The installation of these new bear- 
ings has emphasized to industrial 
men, the importance of correct align- 
ment. A representative of one of 
these bearing companies states that 
in many instances when he calls at 
an industrial plant to supervise the 
installation of the new bearings, no 
one in the plant remembers when the 
shaft alignment was checked last. 
The new installation gives an oppor- 
tunity to call attention to the neces- 
sity of alignment, so that many 
industrial plants are now making 
regular provision for such checks. 
For example, one Ohio plant checks 
the alignment of all shafts during 
the two weeks’ shutdown period each 
summer. Other plants check up 
alignment at 2-year intervals. 
Bearing trouble is probably the 
most common cause of plant stop- 
page, and many improvements have 
been made by manufacturers of ma- 
chines, motors, and other industrial 
equipment, either by the adoption of 
anti-friction bearings or through the 
improvement of the existing bear- 
ings and better provision for their 
lubrication. Many interesting ex- 
periences with the use of such bear- 
ings in motors, particularly on 
cranes, have been reported in 
previous issues of INDUSTRIAL EN- 
GINEER. This reduction of friction, 
both in the motor and on all rotat- 
ing parts of the driven machine, has 
done much to improve the efficiency 
of power drives. ) 
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An unusual type of bearing, 
brought out within the past few 
years, is the Goodrich cutless rubber 
bearing, which is designed for use 
under water, particularly in paper 
mills. 

Belts—Considerable work has been 
done by The Leather Belting Ex- 
change through its research activi- 
ties and educational work among the 
users of leather belts on the use of 
belts, how to take care of them, oper- 
ating considerations, and other 
factors. One of the important re- 
sults of these campaigns has been 
the wider use of cemented endless 
belts in industry. A large number 
of factories have adopted the prac- 
tice of making all leather drive belt 
over 6 in. in width endless. This 
has been a very important factor in 
cbtaining smooth power transmis- 
sion. Although fasteners work sat- 
isfactorily, if put on properly, in 
many cases, too little attention has 
been given to their installation. 
Cementing a belt is a longer and 
somewhat more difficult job and re- 
quires greater attention. Also, the 
belt is held in position on the pulleys 
while it is cemented. This tends to 
hold it in the proper position and 
alignment. Smaller leather belts are 
commonly fastened by means of 
Alligator, Clipper, Detroit, or some 
of the other types of flexible lacings 
in which a metallic hinge is placed in 
the end of each belt and the two ends 
connected with a pin. A millwright- 
ing contractor recently stated that 
during the past year he had been 
required in only one instance to use 
rawhide belt lacings and these were 
on hand-shifted belt drives, over 
step-cone pulleys. One of the im- 
portant reasons for the popularity 


of the metallic lacings is the ease and 
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quickness with which they may be 
applied. Another practice in belt 
drive which has caused considerable 
argument among old-time industrial 
men has been whether the grain or 
flesh side of the belt should run next 
to the pulley. Tests have shown that 
the grain side transmits considerably 
more power, particularly as soon as 
the belt is broken in. 

One place where practically every 
industrial plant still has an oppor- 
tunity to modernize its application of 
the belt drive in the transmission of 
power is by the use of higher belt 
speeds. Many plants are operating 
belts at speeds not over 2,500 f.p.m., 
whereas they could be operated much 
more efficiently at 3,500 to 4,000, or 
even 4,500 f.p.m. Tests made by The 
Leather Belting Exchange have 
shown that the maximum operating 
speed of a leather belt is approxi- 
mately 8,000 f.p.m. Increasing the 
belt speed is one of the easiest and 
simplest methods of getting more out 
of the belt drive. This is well recog- 
nized by many industrial men who 
solve many of their belt drive prob- 
lems by increasing the pulley diam- 
eters, while maintaining the same 
ratios, and so increase the belt speed. 
Since horsepower is a factor of speed 
and tension, the belt at the new speed 
will easily pull a load which, under 
former speed conditions, was virtu- 
ally an overload. Leather belts are 
receiving much more care today in 
industrial plants and are being 
cleaned, degreased, recemented, and 
in many cases rebuilt within the in- 
dustrial plant. In this way, their 
life is almost doubled. 

Due to the increased cost of floor 
space, or increased demands for 


space in industrial plant, consider- 
able attention has been given to the 
use of short-center or gravity-idler 
belt drives, such as the Belt Slacker, 
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Lenix and Pulmax drives, U. G. Auto- 


matic Belt Contactor, Medart Belt 
Adjuster, and others. These drives 
wrap the belt on the driving pulley 
and so increase the arc of contact 
with a short belt, whereas under the 
old practice, it was always necessary 
to have a long center distance be- 
tween pulleys with high reduction 
ratio. These short-center belt 
drives necessitate using cemented 
endless belts and some belt manu- 
facturers, on account of the reverse 
bending of the belt under the grav- 
ity idler, have recently developed es- 
pecially pliable belts for such use. 

Rubber and fabric-base belts have 
a wide use, particularly under cer- 
tain operating conditions. For ex- 
ample, rubber belts are commonly 
used for very wet service conditions. 
Industrial men are realizing that a 
great deal of attention must be given 
to the joining of rubber and fabric- 
base belts. There are a large num- 
ber of plates, hooks, clamps, and 
other connectors which are used for 
this purpose. 

Considerable experimental work 
has been done, and several installa- 
tions have been made, using steel 
belts for transmitting power. These, 
however, are not used extensively. 

A comparatively recent develop- 
ment is the Texrope (Allis-Chalmers 
Mfg. Co.) drive which consists of 
fabric base belts of triangular cross- 
section which fit into V-grooves on 
the driving and driven pulleys. A 
considerable number of these drives 
are being tried out in various indus- 
tries and the experience with them 
is being watched with a great deal 
of interest. A Texrope drive in- 
stallation is shown in an accompany- 
ing illustration. 

Chains—It has been estimated 
through an industrial survey that 
about 5 per cent of the motors in in- 
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dustrial plants are connected to the 
load with chain drives. The use of a 
chain to connect the motor to its line- 
shaft is very common because this 
gives a short-center drive with a 
positive speed reduction ratio. A 
recently installed lineshaft drive of 
this type is shown in an accompany- 
ing illustration. One of the reasons 
for the widespread use of chain 
drives is their adaptability through a 
wide range of horsepower and speed 
ratings. Users are becoming more 
accustomed to taking into account 
the service conditions and consulting 
the manufacturer when considering a 
chain drive. Excessive and repeated 
overloading (particularly if a shock 
load) causes a mechanical strain on 
the elements of the chain, which, if 
continued, will have its effect. With 
chain drives and all other elements of 
power transmission equipment, it is 
necessary to use service factors in 
determining the size or rating of the 
mechanical unit in order to compen- 
sate for unsual operating conditions. 
The use of roller chain for power 
transmission, particularly in drives, 
is increasing. 

With chain drives and other posi- 
tive connections of a motor to its 
load, it is frequently necessary to 
provide a safety link so that in case 
the machine is stopped suddenly, the 
link will break before some more ex- 
pensive part of the equipment breaks. 
These breaking links, or safety links, 
are usually fitted into the sprockets 
of silent chains. This link serves as 
a mechanical fuse to protect the 
equipment the same as the electrical 
fuse protects the motor. Industrial 
men who have tried to develop these 
safety links in other types of drives 
and in machine mechanisms are 
strong believers in the advantages 
and decreased maintenance accruing 
from them. 

Silent chains up to 10 hp. are being 
stocked to some extent in distribut- 
ing centers over the United States so 
that immediate delivery may be ob- 
tained. These are kept in stock only 
in certain reduction ratios which 
give the more commonly used operat- 


Gravity idlers are frequently used 
to maintain the proper tension on 
belts, particularly where there is 
considerable difference in the diam- 
eters of the driving and driven 
pulleys. 

In this instance, a 150-hp. 435-r.p.m. 
slip-ring motor with extended s t is 
used in connection with Lenix drives 
to operate beaters in pairs in a paper 
mill. Lenix and other types of short- 
ceater drives save considerable fioor 
space in the modernization of indus- 
trial plants. 
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ing speeds when connected with 
standard speed motors. 

Gears—Open-gear drives have al- 
ways presented one of the trouble- 
some lubricating and operating prob- 
lems in industrial plants, Many of 
these have been supplanted with 
silent chain because the latter give a 
positive reduction ratio. However, 
the tendency, wherever it is desirable 
to use gears, is to enclose them and 
if possible provide for a bath or 
splash system of lubrication. 

Much use is being made of the so- 
called silent or non-metallic gear, 
particularly those made of Bakelite 
composition and marketed under 
various trade names, such as Fibroc, 
Formica, Micarta, Textolite, Fabroil, 
and so on. Gears of these materials 
have done much to reduce wear and 
prevent the noise which have always 
been considered as unavoidable with 
gear drives. During the past year a 
special Fibroc gear material has been 
placed on the market which is im- 
pregnated with graphite, to give it, 
according to the manufacturer, self- 
lubricating qualities. 

Speed Reducers—Due to the in- 
crease in operating economy of the 
high-speed induction motor, which 
operates at a speed several times that 
used for the driving shaft of many 
machines, it was necessary to pro- 
vide some means of obtaining the 
large reduction in speed in a closely- 
coupled drive. For a considerable 
number of years both the worm and 
gear types of speed reducers have 
been gaining the attention of indus- 
trial users. These reducers can be 
used either singly or in combination 
to make extremely high reduction 
ratios. 

Some of the types of gear reducers 
are made in ratings up to 250 hp., al- 
though other manufacturers set 100 
or 150 hp. as their maximum size. 
Two types of gear reducers, the Lipe 
and the Albaugh-Dover are provided 
with anti-friction bearings. Also, 
several manufacturers have re- 
designed their worm gears to provide 
them with ball or roller and also im- 
proved plain bearings. In some other 
cases the angle of the worm and the 
material of which it is made has been 
improved. A double-reduction worm 
gear has been brought out compara- 
tively recently by the DeLaval Steam 
Turbine Co., which enables a much 
higher reduction ratio to be obtained 
through worm gearing. In this re- 
duction unit, special oil-circulating 
and lubricating features are incor- 
porated. Additional information re- 
garding reducers will be given in the 
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accompanying article beginning on 
page 474. 

During recent years considerable 
attention has been given to the her- 
ringbone speed reduction unit, and 
there is a great deal of competition 
in the application of this type, par- 
ticularly from 50 hp. and up to the 
capacity of the plan2tary, and non- 
planetary spur gear reduction units. 
Herringbone gear units are made in 
single- and double-reduction units 


On some machines, 
where a motor of more than 5-hp. 
rating is required, individual drive 
often affords important operating 
advantages. 

Operating men are carefully studying 


particularly 


the power transmission problems in 
connection with their machines to de— 
termine the best type of drive for each. 
This Bliss punch press is connected 
to the motor by a 10-hp. Link-Belt 
silent chain. Press drives, because of 
the shock load, require special atten- 
tion to the rating of the drive. 


and are coming into very common 
use in large sizes for transmitting 
upwards of several thousand horse- 
power, as in steel mill drives, and 
are used almost altogether above 150 
to 250 hp. 

Although users of speed reducers 
are becoming much more familiar 
with them and with the requirements 
of their specification, however, in 
many cases the user neglects to con- 
sider that the amount cf power to be 
transmitted at the low speed is the 
most important factor in the de- 
termination of the proper size of re- 
ducer. Also, that unusually severe 
service conditions necessitate the use 
of a service factor in determining 
the rating of the unit. 

Flexible Couplings—Another im- 
portant mechanical element of power 
transmission equipment is the flex- 
ible coupling particularly for hizh— 
speed operation. There is a wide 
range of types and kinds of flexible 
couplings, many of which were de- 
scribed in articles on flexible 
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couplings in the November, and De- 
cember, 1923, issues of INDUSTRIAL 
ENGINEER. The flexible coupling is 
used on the end of the motor shaft, 
speed reducer shaft, or other driven 
units, to connect the shafts and take 
care of any slight misalignment. For 
example, while every effort should be 
made to line up a motor and a speed 
reducer, centrifugal pump, or other 
such machines, perfect alignment is 
seldom obtained, and a very slight 
misalignment whi.h may be hardly 
discernible when testing the align- 
ment would cause considerable 
trouble at high operating speed, if 
the shafts were connected by a solid 
coupling. In some cases operating 
men consider a flexible coupling as a 
universal joint and do not use suffi- 
cient care in the alignment to pre- 
vent operating troubles. Through 
past experience and education many 
users are becoming more acquainted 
with the proper application of such 
units, the necessity of applying serv- 
ice factors when selecting units for 
particularly severe operating condi- 
tions, and the importance of obtain- 
ing as near perfect alignment as it is 
possible to obtain, with foundations 
or other mountings sufficiently sub- 
stantial to retain the alignment as 
long as possible. Operating men are 
also finding that alignment needs fre- 
quent checking. 

Some manufacturers are stocking 
flexible couplings in fractional horse- 
power sizes and up to 10-hp. rating in 
mill supply houses and in various dis- 
tributing centers. Flexible couplings 
are manufactured in capacities rang- 
ing from fractional horsepower up to 
several thousand horsepower, for 
steel mill drives. Special units are 
made for: extremely high speed 
operation, which requires more per- 
fect balancing of the elements of the 
couplings, and also for installations 
where a noticeable lack of alignment 
is necessary, and is compensated for 
by double units. A recent develop- 
ment is the use of a special flange 
built on a coupling on which the cir- 
cumference is used as a brake wheel. 
One of these is shown in an ac- 
companying illustration. 

Clutehes A recent development 
in clutches and cutoff couplings has 
been brought out by the Edgemont 
Machine Co., through the addition of 
anti-friction bearings in the coup- 
lings. Many industrial men have a 
preference toward putting clutches 
on machines rather than on the line- 
shafts, although this is not at all 
universal. Some industrial plants 
kave preferred to put the clutch on 
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the lineshaft as in that way the 
countershaft is eliminated. In gen- 
eral, there has not been as much 
mechanical development on clutches 
during the past few years as there 
has been in the case of bearings, 
flexible couplings, and other equip- 
ment. With the modern tendency 
toward high-speed operation, clutches 
are subject to very severe operating 
service. 

Variable Speed Transmissions— 
Variable speed is obtained generally 
either electrically, mechanically, or 
hydraulically. Control of variable- 
speed motors in practically all cases 
gives the increments in speed in def- 
inite steps and seldom gives a mini- 
mum speed less than one-half of full 
speed. In many cases, only a few 
steps or variations are obtainable. 
Variable-speed motors were first ap- 
plied to direct drive on machines and 
some difficulty resulted in many cases 
due to neglect to consider that usu- 
ally the greatest power requirements, 
as on a lathe for example, were 
found at the lowest speed, where the 
motor delivered the least power. 
This difficulty may be corrected by 
providing increased motor capacity. 
Variable mechanical power reduction 
is obtained either by means of a 
shifting belt on a pair of cone pulleys 
as in the Moore & White variable- 
speed transmission, or through shift- 
ing the diameter of a pair of 
V-faced pulleys driven by a V-belt as 
in the Reeves and the Lewellen vari- 
able-speed transmissions. With these 
units variation is obtained in very 
small increments over a considerable 
range of speed from slightly above to 
below the input speed. 

Recently, the JFS, a new mechan- 
ical, variable-speed transformer, 
which is described in detail in the 
New Equipment section on page 498 
of this issue, has been placed on the 
market. This is a device which gives 
a variable speed reduction. 
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Hydraulic speed reducers, such as 
the Hele-Shaw (American Engineer- 
ing Co.), Oilgear (The Oilvear Co.) 
and the Waterbury (Waterbury Tool 
Co.) which is also described on page 
497 of this is.ue, consist of a pair 
of hydraulic pumps, turbines, or 
motors, so connected that the unit 
operating at the intake speed de- 
livers a variable amount of liquid, 
usually oil, to the other unit, which 
is thus driven at a speed correspond- 


An example of a Texrope drive in 
a paper mill. 


In this case two Texrope drives on 
S4-in, centers are operated from a 250 


Allis- 
two pulp 


hp., 440-r.p.m., 
Chalmers motor to drive 
beaters at 122 r. p. m. The Texrope 
drive is a V-shaped endless, textile 
base belt made up in individual 
strands, which fit in grooved pulleys. 
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ing to the amount of liquid which it 
receives. 

Both mechanical and hydraulic 
variable-speed transmissions permit 
very slight variations of speed over 
a considerable range. In addition, 
the hydraulic units permit a varia- 
tion from zero, in most cases, up to 
the input speed in either direction; 
that is, they are reversible. Vari- 
wble-speed devices are becoming 
widely used in textile work where the 
speed of operation depends upon the 
weight or grade of material manu- 
factured, conditions of humidity, 
quality, and other factors. Another 
new tendency in these units is to use 
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them to start up machines at slow 
speed and gradually work up to 
operating speed. This is particularly 
noticeable in the automobile con- 
veyor assembly lines which are 
driven slowly at first and the speed 
gradually increased as the men be- 
come “warmed up” to their task and 
also, in textile mills, where the ma- 
chines are started slowly to prevent 
breakage of thread. 
Lubrication—No doubt one of the 
most noticeable steps toward the 
modernization of power drives is 
the change in knowledge of, and atti- 
tude toward, lubrication. Much of 
this is due to the widespread use of 
the automobile and the general 
realization of and experience with 
the importance of its lubrication as 
well as the improvement in lubri- 
cants and greater knowledge of their 
purpose and application, which has 
been obtained through the study of 
automobile bearings and lubricants, 
by the manufacturers of both. Not 
many years ago it was the practice 
in many plants to hire a man at the 
gate and put him to work oiling 
equipment, with comparatively little 
instruction or supervision. Today, 
with anti-friction and other im- 
proved bearings, lubrication receives 
much less frequent but more careful 
attention. This new attitude is well 
illustrated by the practice of the 
management of a Michigan factory 
manufacturing forgings. In this 
plant, an experienced mechanic, at 
corresponding wages, does all of the 
oiling, even to the machines, and the 
management considers the difference 
in wages above what is commonly 
paid an oiler as well spent because 
of the very noticeable decrease in 
bearing troubles and maintenance 
cost, in addition to the saving in 
lubricants and freedom from inter- 
ruptions. Industrial men are learn- 
ing that the selection of the proper 
lubricant and its application are of 
the utmost importance. In the 
opinion of some industrial engineers 
improvements in bearings and 
methods of lubrication, which have 
been developed together, have been 
the outstanding features in the bet- 


This is an example of the use of 
a brake coupling on a three-roll 
calender. 


Here one half of the Francke coupling 
is mounted on the motor shaft in the 
usual way and the other half is bolted 
against the brake wheel, This brake 
Wheel is fastened on the end of the 
pinion shaft of the reduction gear 
Which, in turn, drives a second gear 
reduction connected to the three-roll 
calender. This coupling is on a 690- 


r. p. I., 50-hp. motor, 


448 


terment and modernization of power 
transmission equipment. Increased 
operating speeds have made neces- 
sary these improvements in bearings 
and their lubrication in motors, 
hanger boxes, and practically all 
types of machines. 

Considerable attention is being 
given to the application of lubricants 
by means of the portable pressure 
lubricating devices such as the 
Adams, Alemite, Alemite-Zerk and 
Dot systems, as well as a number of 
pressure lubricating devices which 
are built into the machine, such as 
Bowen, Detroit, Keystone, Madison- 
Kipp and McCord, which were de- 
scribed in the article entitled, 
“Equipment Used for Applying 
Lubricants,“ on page 213 of the May, 
1926, issue of INDUSTRIAL ENGINEER. 
Some of these lubricating devices 
are used for oil and others for grease 
lubrication. Safety to the oiler and 
the use of pressure, which forces the 
lubricant into the bearing, are the 
chief advantages claimed for these 
types of lubricating devices. Also, 
where a machine is fitted with any 
of the positive built-in types of 
lubricators, all bearings are lubri- 
cated simultaneously and none is 
overlooked. The lubrication of many 
bearings in industrial plants is a 
hazardous operation for the oiler 
and accidents are very likely to be 
serious. One large industrial plant 
in Detroit states that it has prac- 
tically eliminated accidents to the 
oilers through the introduction of a 
pressure system of lubrication, 
whereas previously the hospital con- 
tained at all times one or more oilers 
who had been injured. 

Because of the danger of over- 
filling anti-friction bearings Fair- 
banks-Morse Co. has brought out a 
ball-bearing grease for their motors 
in collapsible, soft-metal tubes of 
various sizes, each of which contains 
the correct amount of grease for a 
special size of bearing. 

One of the most difficult lubrica- 
tion problems in industrial plants is 
in connection with loose pulleys on 
mainshafts or countershafts. As a 
result, many men are using ball-bear- 
ing countershafts, such as the Dag- 
gett (Chicago Pulley & Shafting 
Co.), in which the tight and loose 
pulleys both operate on ball bearings 
in the hubs of the pulleys because 
ball bearings are easier to lubricate 
and require less frequent attention. 
One Chicago concern, for example, 
purchases all machines without 
countershafts and obtains a ball- 
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bearing countershaft separately. On 
existing installations, the counter- 
shafts, as soon as they cause ex- 
cessive trouble, are replaced. 

In the same way, many industrial 
plants are using the Gast oiling ma- 
chine (Standard Pressed Steel Co.), 
which consists of a special oil 
chamber with a chain oiler that fits 
over a bushing in the hub of the 


Modern factory practice gives close 
attention to lubrication. 


In this case the bearings on a special 
press are fitted for the Alemite-Zerk 
system of lubrication. The circle shows 
the fittings on the bearings which are 


lubricated from the pressure gun in 
the foreground. 


pulley and supplies the lubricant to 
the bearing as the shaft revolves. 

Within the past year the Dodge 
Mfg. Corp., Mishawaka, Ind., has an- 
nounced a roller-bearing loose pulley. 
This consists of a cast-iron or Oneida 
steel pulley provided with an extra 
large bore to receive a Dodge-Timken 
roller bearing. 

One of the most noticeable features 
in connection with power transmis- 
sion problems in present-day indus- 
trial plants is that a great deal of 
attention is being given by the 
operating executives to investigating 
new types of equipment much more 
thoroughly than formerly, and 
purchasing them on a quality, reli- 
ability, and low-maintenance-cost 
basis, when plans are being made 
for the modernization of the power 
drive equipment. 


EDITORS’ NOTE. Acknowledgment is 
made to the following companies for 
illustrations and information used in 
the preparation of this article: 


General Power Transmission — Bond 
Foundry & Machine Co., Manheim, Lan- 
caster Co., Pa.; Chicago Pulley & Shaft- 
ing Co., Chicago, III.; Dodge Manufacturing 
Corp., Mishawaka, Ind.: Falls Clutch & Ma- 
chinery Co., Cuyahoga Falls, Ohio; The 
Hill Clutch Machine Foundry Co., Cleve- 
land, Ohio; Medart Co., St. Louis, Mo.; 
T. B. Wood's Sons Co., Chambersburg, Pa. 
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Belts Belt Drives and Supplies — 
Alexander Bros., Philadelphia, Pa.; Allis- 
Chalmers Mfg. Co. (Texrope), Milwaukee, 
Wis.; Bird achine Co., Pulmax Drive 
Division, So. Walpole, Mass.; Birdsboro 
Steel Foundry & Machine Co. (Jackson 
Lacer), Birdsboro, Pa.; The Bristol Co. 
(Steel Lacings), ‘Waterbury, Conn.; Chi- 
cago Belting Co., Chicago, III.; Chicago 
Flexible Shafting Co. (o estor Lacing) 
Chicago, III.; Clipper Belt Lacer Co., Gran 
Rapids, Mich.; troit Belt Lacer Co. 
Detroit, Mich.; The Diamond Rubber Co., 
Akron, Ohio; R. & J. Dick Co., Inc., Passaic, 
N. J.; B. F. Goodrich Rubber Co., Akron, 
Ohio; Goodyear Tire & Rubber Co., Akron, 
Ohio; Graton & Knight Mfg. Co., orces- 
ter, Mass.; The Medart Co. K Belt Adjuster), 
St. Louls, Mo.; rae M. 8 (Belt 
Slacker), Los Angeles, Calif.: The public 
Rubber Co., Youngstown, Ohio; J. E. 
Rhoads & Sons, Wilmington, Del.; Chas. 
H. Schieren Co., New York, N. T.: F. L. 
Smidth of Co. {Lenix Drive), New York, 

. Y.; Stanley Belting Corp., cago N 
U. S. Rubber Co., New York, N. Y.: Victor 
Ba lata & Textile Belting Co., New York, 
N. Y.; I. B. Williams & Sons, Dover, N. H. 


Chain Drives — American High S 
Chain Co., Indianapolis, Ind.: Baldwin 
Chain & Mig. Co., Worcester, Mass.; Boston 
Gear Works Sales Co., Norfolk Downs, 
Mass.: Chain Belt Co., Milwaukee, Wis.: 
Diamond Chain & M'E. Co., Indianapolis, 
Ind.: Link-Belt Co. hicago, III.; Morse 
Chain Co., Ithaca, N. Y.: msey Chain 
Co., Albany, N. T.; and Whitney Mfg. Co., 
Hartford, Conn. 


Flexible Couplings—The Bartlett Hay- 
ward Co., Baltimore, Md.: The Clark Con- 
troller Co., Cleveland, Ohio; The Falk 
Corp., Milwaukee, Wis.; R. D. Nuttall Co., 
Pittsburgh, Pa.; Poole Engineering Co., 
Baltimcre, Md.; and Smith & Serrell, 
Newark, N. J. 


Hanger Bearings—Chicago Pulley & 
Shafting Co. (Daggett) Chicago, III.: 
Dodge Manufacturing Corp., Mishawaka, 
Ind.; The Fafnir Bearing Co. New Britain, 
Conn.; Hyatt Roller Bearing Co., Newark, 
N. J.; Timken Roller meer Te Co., Canton, 
Ohio; The Transmission Ball Bearing Co., 
Inc, (Chapman) Buffalo, N. Y.; SKF In- 
dustries, Inc., New York, N. Y.; and T. B. 
Wood's Sons Co., Chambersburg, Pa. 


Lubrication and Lubricating Devices— 
Adams Grease Gun Corp., New York, N. .; 
The Bassick Mfg. Co. (Alemite and Alemite- 
Zerk), Chicago, III.: Bowen Products Corp., 
Auburn Div., Auburn, N. Y.; Carr Fastener 
Co. (Dot), Cambridge, Mass.; Detroit 
Lubricator Co., Detroit, Mich.; Gits Bros. 
Mfg. Co., Chicago, III.: Kelly Lubricator 
Co., Syracuse, N. Y.; Keystone Lubricating 
Co., Philadelphia, Pa.; Knorr Lubricator 
Sales Co., Boston, Mass.: 1 
Corp., Madison, Wis.; McCord Radiator 
Mig Co., Detroit, Mich. ; Standard Oil Co. 
of Ind., Chicago, III.: The Texas Co., New 
York, N. Y.; and the Vacuum Oil Co.. 
New York, N. Y. 


Speed Reducers — Albaugh-Dover Mfg. 
Co., Chicago, III.; Boston Gear Works 
Sales Co., Norfolk Downs, Mass.; Cleveland 
Worm & Gear Co., Cleveland, Ohio; De 
Laval Steam Turbine Co., Trenton, N. J.; 
Falk Corp., Milwaukee, Wis.; Fawcus Ma- 
chine Co., Pittsburgh, Pa.; Foote Bros. 
Gear & Machine Co., Chicago, III.; Wm. 
Ganschow Co., Chicago, III.; The Hill 
Clutch Machine & Foundry Co., Cleveland. 
Ohio; Horsburgh & Scott Co., Cleveland, 
Ohio; D. O. James Mfg. Co., Chicago, III.; 
W. A. Jones Foundry Machine Co., Chi- 
cago, III.: R. D. Nuttall Co., Pittsburgh, 
Pa.; Philadelphia Gear Works, Philadel- 
phia, Pa.; and Winfleld H. Smith Co., 
Springville, N. T. 


Variable Speed Transmleslon— American 
Engineering Co., Philadelphia, Pa.; Colum- 
bia Vari-Speed Co., Chicago, III.; Lewellen 
Mfg. Co., Columbus, Ind.; Reeves Pulley 
Co., Columbus, Ind.: Moore & White Co., 
Philadelphia, Pa. The Oilgear Co., Mil- 
waukee, Wis.; and The Waterbury Tool Co., 
Waterbury, Conn. 


Silent Gears—Chicago Rawhide Mfg. Co. 
Chicago, III.: Fibroc Insulation Co., Val- 
paraiso, Ind.; The Formica Insulator Co., 
Cincinnati, Ohio; General Electric Co. 
(Fibroil and Textolite), Schenectady, N. T.: 
and Westinghouse Electric & Mfg. Co. 
(Micarta), East Pittsburgh, Pa. 


Miscellaneous — American Pulley Co., 
Fhiladelphia, Pa.; Conway Clutch Co., Cin- 
cinnati, Ohio; 8 Machine Co., Day- 
ton, Ohio; B. . Goodrich Rubber Co. 
(Cutless Bearings), Akron, Ohio; Midwest 
Stcel & Supply Co.; The Rockwood Mfg. 
Co., Indianapolis, Ind.; and Twin Disc 
Clutch Co., Racine, Wis. 
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Selection of Motors for 
Industrial Power Drives 


including a discussion of the operating character- 
istics of the more common types, with special em- 
phasis on the advantages of the synchronous motor 


URING the past 30 years the 
D advance of science and tech- 
nology has been so rapid that 
new discoveries and inventions are 
buried under an avalanche of still 
newer ones long before they have 
been properly assimilated into the 
life of the country. Our great need 
is for a constant synthesis, an in- 
cessantly repeated effort to bring 
together related parts of our rapidly 
growing knowledge into a well-knit 
unit suitable for concrete application. 
It is my purpose here to picture 
briefly an ideal industrial unit con- 
sidered from the electrical power 
standpoint. I shall consider the vari- 
ous requirements of industrial drives 
and from available equipment so 
select that the resultant whole may 
incorporate what must always be our 
ideal in industry—a maximum of 
what is desirable at a minimum of 
cost. 


By PHILIP CHAPIN JONES 
Electrical Engineer, The Goodyear Tire 
and Rubber Company, Inc., 
Akron, Ohio 


In any ordinary large plant there 
is a distinct need for six types of 
motors. Obviously these six classi- 
fications are: 

(1) Squirrel-cage induction motor. 

(2) Wound-rotor induction motor. 

(3) Direct-current shunt motor. 

(4) Direct-current series motor. 

(5) Direct-current compound 
wound motor. 

(6) Synchronous motor. 

Taken the country over, undoubt- 
edly the vast majority of drives re- 
quire merely an approximately con- 
stant-speed motor, easily stopped and 
started, but with no particularly ab- 
normal starting or stopping torques. 
Arbitrarily, a normal starting torque 
could be defined as not over 50 per 
cent of the full-load torque. In this 
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Fig. 1—The synchronous motor is 
beginning to come into its own. 


Here are five of a row of seven General 


Electric, 2,400-hp., 2,200-volt, 240- 


r.p.m., synchronous motors driving 
magazine grinders in the paper mill of 
the St. Maurice Lumber Co. 


realm the squirrel-cage induction mo- 
tor reigns supreme, and is thus nat- 
urally the most widely used form of 
motor. 

I will not attempt to describe this 
well-known type of motor but will 
point out a few of its characteristics. 
The synchronous speed of this type 
of motor is fixed, depending upon the 
frequency and number of poles. The 
actual speed is less than the syn- 
chronous speed by the amount of the 
slip. The ordinary squirrel-cage mo- 
tor has a slip of 3 to 5 per cent from 
no-load to full-load. 

The squirrel-cage motor does not 
develop as high a starting torque 
as some other types. Slow-speed 
squirrel - cage motors will develop 
about 125 per cent of full-load torque, 
while high-speed motors will deliver 
up to 250 per cent of full-load torque 
at start, provided full voltage is ap- 
plied to the primary. This will re- 
quire a current at starting from six 
to seven times full-load current, 
which in most cases will be objec- 
tionable for motors larger than 5 hp. 
Hence, starting at reduced voltage is 
necessary, which in turn reduces the 
starting torque in proportion to the 
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square of the voltage. The operat- 
ing characteristics of a typical poly- 
phase squirrel-cage induction motor 
are shown in Fig. 4. This curve to- 
gether with those shown in Figs. 2, 
5, 7, 8, 11, 12 and 15 are taken from 
“Principles of Electric Motors and 
Control“ by Gordon Fox. 

The efficiency of squirrel-cage mo- 
tors is poor at low speeds but is bet- 
ter in the higher speeds. Also, it is 
better in the larger capacities than 
in the smaller. A 5-hp., 1,200-r.p.m. 
motor has a full-load efficiency of ap- 
proximately 86 per cent, whereas a 
50-hp. motor of the same speed has 
an efficiency of nearly 90 per cent. 
The efficiencies range from 80 per 
cent in the 5-hp., 360-r.p.m. size to 
92 per cent in the 50-hp., 1,800- 
r.p.m. size. Full-load efficiency curves 
for squirrel-cage motors are shown 
in Fig. 5. 

The power factor of a squirrel- 
cage motor is very low at light loads 
and is also low in the low-speed types. 
The power factor gradually improves 
as the load on the motor approaches 
its rating, and will range from about 
79 per cent for a 5-hp., 900-r.p.m. 
motor and 89 per cent for a 5-hp., 
1,800-r.p m. motor to 88 per cent for 
a 50-hp., 900-r.p.m. motor and to 93 
per cent for a 50-hp., 1,800-r.p.m. 
motor. Power factor curves for 
squirrel-cage motors are shown in 
Fig. 6. 

The squirrel-cage motor is excel- 
lently adapted for all classes of con- 
stant-speed drives which require 
moderate starting and running 
tcrques and where starting is infre- 
quent. The great majority of fixed- 
speed drives fall in this class. 
Because of its lower first cost and 
simplicity, the squirrel-cage motor is 
generally preferred to the direct- 
current shunt motor for constant- 
speed duty. In many respects its 
characteristics are similar to those 
of the constant-speed shunt motor. 
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Fig. 3—The wound-rotor motor is 
unusually well adapted to drives 
that require flywheels. 


External resistance connected to the 
rotor winding makes the motor tend 
to slow up on the load peaks, thereby 
permitting the flywheel to carry the 
peak. After the peak passes, the in- 
duction motor speeds up the flywheel 


to its original speed. lence, the tly- 


Wheel carries the peak and there is 
no excessive peak power demand by 
the motor. This illustration shows a 
Westinghouse, wound-rotor motor eon- 
nected through a speed reducer and 
flywheel to a steel mill drive. 


To get away from the disadvan- 
tage of using reduced starting volt- 
age and conscquent reduced starting 
torque, double-winding, squirrel-cage 
motors have been developed. These 
have a high-resistance winding chat 
is effective during starting, and a 
low-resistance winding that come: 
into play after the motor comes up 
to speed. These motors do not re- 
quire starters and are sometimes 
called high-torque motors because 
they will develop a starting torque of 
2 to 24 times full-load torque with 
three times full-load current. They 
are a more recent development, but 
are fast becoming popular. 

The polyphase, wound-rotor induc- 
tion motor is similar in general char- 
acteristics to a shunt-wound, direct- 
current motor having a speed regu- 
lating resistance in the armature 
circuit. At starting it develops full- 
load torque with full-load curreat. 


power factor. 


mini 
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Speed may be varied by cutting 
1esistance in or out of the rotor cir- 
cuit; the speed will, however, also be 
dependent upon the load on the 
motor. The power factor of the 
wound-rotor motor is similar to that 
of the squirrel-cage motor, but varies 
with the torque that is developed 
rather than the horsepower output. 
Its efficiency is about the same as 
that of the direct-current, shunt 
motor. Characteristic curves for a 
typical wcund-rctor motor are shown 
in Fig. 9. 

The wound-rotor motor is used 
where frequent starting duty or 
where high starting torque, or 
moderate starting torque combined 
with low current input, are desired. 
Because the operating characteristics 
of the wound-rotor motor with ex- 
ternal resistance are very much like 
those of the compound wound or 
series, direct-current motor (except 
as to efficiency), it is sometimes used 
for the service to which these types 
are adapted. The  wound-rotor 
motor is particularly adapted to loads 
having a flywheel to carry them over 
high peaks. It is widely used for 
cranes and hoists, shears, presses. 
elevators, and similar manipulating 
duty. 

The direct-current, shunt motor is 
a constant-speed motor, having onlv 


Figs. 2 and 4—At the left are shown full-load efficiency 
curves of synchronous motors operating at 100 per cent 
At the right are shown characteristic 
curves of a typical, squirrel-cage, induction motor. 
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Comparative Operating Characteristics of Common 


Types of Industrial Motorst 


Start- Start- Maxi- 


Can [lffect of 
ing ing mum Speed Bej Load on| Power 
Type of Motor Torque Current Torque Adjusted} Speed Factor Efficiency 
General-purpose squirrel cage| D A C No C High B 
Low 
speed-C 
Wound rotor............... B D D Yes-C C B— C 
Synchronous............... * C No A Ad just- Slow speed, 
able large size-A 
High speed, 
small size-C 
Shute. i ceo 55h Sou ee agy he C C C Yes-A B B 
Neries... toe . oe A E Yes-B D B 
Compound................. B 1 B Yes-B C B 


The grading of A, B. C, etc., in each case indicates the relative degree that 
a given characteristic is possessed by each type of motor. 


Thus A indicates 


best, highest, or most; B indicates second best or second highest; C third best, 


etc. 


For instance, A in starting torque column indicates that the series motor 


.has the highest starting torque, whereas A in the starting current column in- 


dicates that the general-purpose, squirre 


current, 


l-cage motor has the highest starting 
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2 
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+This tabulation represents in a general way what can be expected of average 
designs of motors of the types listed, which are in common usage, and is not 


intended to cover 
applications, 


motors that have been especlally 


designed for specific 


*This rating is obtained by the synchronous motors described by the author 
and is higher than that obtained from older designs of synchronous motors. 


a small variation from no-load to 
full-load. The starting torque of this 
motor is about 150 per cent of full- 
load torque with 150 per cent current 
input. It is able to exert a good 
starting torque, but only at the 
expense of a large starting current. 
This motor will exert a breakdown 
torque of about 34 times full-load 
torque. Its efficiency is very good 
and remains so over a considerable 
range of load. As a constant-speed 
motor it meets the requirements of a 
large range of industrial applica- 
tions. Its characteristics render it 
the best suited direct-current motor 
for the majority of constant-speed 


Fig. 5—Full-load efficiencies of 60- 
cycle, polyphase, squirrel cage, in- 
duction motors. 


Efficiencies of different 
horsepower and speed ratings are 
given. These curves together with 
those shown for Figs. 2, 4, 7, 8, 11, 12, 
and 15 are from “Principles of Electric 
Motors and Control” by Gordon Fox, 
published by the McGraw-Hill Book Co. 
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drives that do not require excessive 
starting torque nor have high-speed 
loads. Characteristic curves for a 
shunt motor are shown in Fig. 13. 

By varying the resistance in series 
with its shunt field, the shunt motor 
becomes an excellent adjustable- 
speed motor. It is extensively used 
for individual drives where a selec- 
tive range of speeds is desired with 
good regulation at any point. High 
efficiency, easy and exact manipu- 
lation, together with steady running 
make this type of motor very satis- 
factory for adjustable-speed drives. 
Motors of this type are extensively 
used in machine tool work. 

The series motor is essentially a 
high-torque motor. At standstill the 
torque may be several times full-load 
torque. Heavy overloads can be 
handled with good commutation. The 
series motor will start a much 


¿heavier load than will the shunt 


motor, and will accelerate with less 
current input. Its efficiency, how- 
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ever, is somewhat lower than that of 
the shunt motor. It is not a con- 
stant-speed motor, for the speed is 
low on heavy loads and high on light 
loads. In fact, this motor will run 
away if the load becomes too light. 
Characteristic curves for a series 
motor are shown in Fig. 7. 

The series motor is extensively 
used on cranes and hoists, steel mill 
auxiliary drives, small ventilating 
fans, in electric traction service, and 
the like. The character of the load 


should be such that it, increases 


rapidly with the speed. 

The characteristics of the com- 
pound-wound motor combine in vary- 
ing degrees those found in the series 
and shunt motors. Its speed de- 
creases with increase of load and the 
torque increases rapidly with addi- 
tion of load. It develops a high 
torque per unit of starting current 
and has a heavier breakdown torque 
than the shunt motor. It is a fairly 
constant speed motor with excellent 
pulling power on heavy loads, com- 
bined with good starting power. The 
characteristics of a typical compound 
motor are shown in Fig. 15. 

The compound-wound motor is 
used extensively for driving pumps, 
compressors, shears, presses, recip- 
rocating tools, and the like, where 
irregular loads with severe peaks are 
encountered, together with a demand 
for fairly constant speed. 

The types of motors just discussed 
cover all of the mechanical require- 
ments cf most drives, but the com- 
plete and successful application of 
electric motors to industrial uses 
requires consideration of the entire 
power system from the turbines to 
the driven machine. The majority of 
all industrial drives use induction 
motors, which results in a moderate 
or low lagging power factcr on the 
plant power system. This poor 


Fig. 6—Full-load power factor of 
60-cycle, polyphase, squirrel cage, 
induction motors. 
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power factor in addition to causing 
poor regulation and increasing in- 
vestment costs is the cause of a 
separate and distinct loss. This loss 
may be as high as 10 to 15 per cent 
of the cost of energy and is thus 
ordinarily well worth saving. A great 
deal may be done to hold up the 
power factor by keeping the induc- 
tion motors loaded up to capacity, 
but the last step must invariably be 
made by other means. 

Until comparatively recently the 
synchronous motor was considered 
very unsatisfactory, in fact almost 
impossible for general industrial use. 
This is because inherently it has no 
starting torque. It has been used 
from the very early days, but always 
where little or no torque was re- 
quired in starting; that is, in con- 
junction with a clutch or some ma- 
chine that could be unloaded, and 
often with an extra motor for start- 
ing it. 

New developments are peculiar 
things. They seem to come when 
they will, forced on by undetermined 
causes. The recent development of 
high starting torque synchronous 
motors was not made possible by 
some new knowledge or discovery. 
All the factors in the design of such 
motors have been common knowledge 
for decades. The need has been as 
pressing. And yet for some reason 
it is only within the past few years 
that the super-synchronous motor, a 
synchronous motor that can be ap- 


Fig. 7—Operating characteristics 
of a typical, series motor. 
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Fig. 8—High starting and pull-out 
torques characterize this synchro- 
nous motor. 


It is rated at 600 hp., 80 per cent 
power factor, 100 r.p.m., 2,200 volts 
and develops a starting torque of 140 
per cent of full-load torque, a 100 per 
cent pull-in. torque, and a pull-out 
torque of 350 r cent of full-load 
torque. This Electric Machinery Co. 
motor is located in the plant of the 
N Tire and Rubber Co., Akron, 
o. 


plied to any industrial drive, has 
made its appearance. 

We have always wanted such 
motors because of their electrical 
characteristics, and their use has 
now been made possible because of 
the torque characteristics recently 
worked into their design. The eco- 
nomic utilization of the synchronous 


0 0 


150 ITS 200 225 250 275 
Line Amperes 


motor, however, is ordinarily justi- 
fied only in the larger sizes and 
lower speeds. In the smaller sizes 
the cost per horsepower is high com- 
pared to induction motors. We can 
buy induction motors for $5 to $8 
per horsepower, while for equivalent 
synchronous motors one must pay 
from $10 to $20 per horsepower. 
This is particularly true at the 
normal speeds, say 600 r.p.m. and 
above. On the other hand, at very 
low speeds the cost of induction 
motors per horsepower rapidly rises 


Fig. 9—Speed, torque, and current 
curves of a polyphase, wound-rotor 
motor with different values of 
secondary resistance. 
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Fig. 10—General phase relations of 
load using induction motors oper- 
ating at 70 per cent power factor. 
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and their power factor abruptly de- 
clines. For this reason a low-speed 
synchronous motor may sometimes 
be used in place of a higher-speed 
induction motor and a reducing gear 
unit. It is not unusual to find that 
the combined cost of a high-speed 
induction motor and a reducing gear 
unit is as much as, or more than, 
that of a low-speed synchronous 
motor. When the difference in over- 
all efficiency of the two possibilities 
is capitalized the chances are even 
greater for such to be the case. 
Here, then, is the big field for the 
synchronous motor, and assuming 
that it is under such circumstances 
that these motors are to be used, I 
shall point out some of the more im- 
portant factors that make them so 
desirable from an electrical stand- 
point and so easy to use from a 
torque standpoint. 

In the past it has been almost uni- 
versal practice to use synchronous 
condensers for power factor correc- 
tion. In recent years the use of 
static condensers has been urged. 
There are undoubtedly many places 
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where both of these corrective means 
can be used to advantage, but in the 
average industrial plant there are 
two potent factors which drag down 
the balance arm in favor of the 
loaded synchronous motor. 

Fig. 10 shows the general phase 
relations of the load of an ordinary 
induction motor plant operating at 
70 per cent power factor. It is 
obvious that more corrective kva. is 
required if a condenser is used when 
the correcting vector rises vertically 
from the lower end of the initial load 
vector than when some of the exist- 
ing load is driven by a synchronous 
motor and the resulting vector starts 
from farther up on the load vector. 
Just how much difference this makes 
is shown by Fig. 12 in which is 
plotted, for the same amounts of cor- 
rection, the ratio of kva. of con- 
denser capacity to kva. of loaded 
synchronous motor capacity when 
the latter is operated at its most 
effective power factor. The abscissas 
are original power factor. It will be 
noted that at the original power 
factor shown in Fig. 10, 43 per cent 
more capacity would be required 
were condensers used. Had the orig- 
inal power factor been 50 per cent 
the saving in capacity by the use of 
loaded synchronous motors would 
have been 100 per cent of the syn- 
chronous motor capacity. 


Fig. 11—Here is a general-purpose 
synchronous motor used on an air 
compressor drive. 


This General Electric motor is rated 
at 75 hp., 80 per cent power factor, 
900 r.p.m., 220 volts and is installed 
at the Butter (Pa.) plant of the Fretz- 
Moon Tube Co. In addition to carry- 
ing the air compressor load it raises 
the plant power factor from 75 to 98 
per cent. is motor is controlled 
through the medium of the manually- 
operated compensator shown at the 
left, a field switch, discharge resist- 
ance, field rheostat, field current am- 
meter and line ammeter. 
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Fig. 12—This shows the ratio of 
synchronous condenser capacity to 
loaded synchronous motor capac- 
ity when the latter is operated at 
its most effective power factor. 


This saving in capacity obviously 
means a saving in investment in cor- 
rective equipment. In any power 
factor correction problem, the sub- 
ject of cost of correction is always of 
vital interest. Inherently a large 
part of this cost is fixed charges on 
corrective equipment. When syn- 
chronous motors are used in place of 
synchronous or static condensers, a 
saving is made in corrective capacity 
which is synonymous with invest- 
ment cost, and thus the cost of cor- 
rection is attacked on its main front. 
A still further reduction in invest- 
ment charges is possible, because 
with loaded synchronous motors only 
that part of the motor cost which is 
above the amount which must be 
paid for some cheaper type of drive, 
say an induction motor, is chargeable 
to the correction account. It is thus 
evident that the use of loaded syn- 
chronous motors for corrective pur- 
poses, cutting down the investment 
cost in the two ways noted above, 
gives correction for a much lower 
figure than would otherwise be ob- 
tained. Often the correction is 
obtained at no cost at all. 

As I have indicated before, the 
great fact that has retarded the use 
of synchronous motors is lack of 
torque at other than synchronous 
speed. Inherently it has zero start- 
ing torque and a low pull-in torque. 
The big development which has re- 
cently made the synchronous motor 
possible industrially is its change 
into a hybrid machine, half induction 
motor and half synchronous motor. 

The induction part of the motor 
is used for starting, and the synchro- 


u4 


Per Cent Efficiency 


Amperes Input 


Fig. 13—Characteristic curves of a 
typical shunt motor. 


nous part for running. By one 
method or another, a large number of 
relatively high-resistance bars are 
threaded through the faces of the 
poles and a very effective squirrel- 
cage rotor is thus formed. The re- 
sulting combined torque character- 
istics given to the motor are very 
satisfactory. Anything in reason 
may be obtained. The company with 
which the writer is associated has in- 
stalled synchronous motors having 
starting torques of 140 per cent, pull- 
in torques of 100 per cent, and pull- 
out torques of 350 per cent of full- 
load torque. Such a motor is shown 
in Fig. 8. 

There has been, however, one other 
disadvantage of the synchronous 
motor compared to the induction 
motor, which I have not yet men- 
tioned. It has always carried around 
with it a lot of excess baggage in 
the form of excitation equipment 
such as belt-driven exciters, exciter 
field rheostats, motor field rheostats, 
ammeters, and similar equipment 
In the adaptation of the synchronous 
motor to industrial uses one of the 
important steps has been the elim- 
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ination of this equipment. Most 
large plants have a direct-current 
distribution system. Where this is 
the case, advantage may be taken of 
it and the exciter and all rheostats 
and meters may be entirely dis- 
carded. The fields may be designed 
to operate on the system voltage with 
a liberal heat rating. Any voltage 
changes then only slightly modify 
the power factor. In our own plant 
we use no field equipment excepting 
one field contactor operated by a re- 
lay which in turn is actuated either 
by the secondary frequency, the 
primary current, or time. At the 
proper moment the field is automat- 
ically thrown on or dropped off and 
no adjustment or attention is needed. 

This shift has, however, decreased 


Fig. 14—Operating a synchronous 
motor without a direct-current field. 


At A. while the motor was under nor- 
mal load, the field switch was pulled 
and the line current drawn by the 
motor increased from 150 amp. to ap- 
proximately 260 amp. The significant 
fact is that the motor did not pull out 
of step. At B a peak loud came on, 
incident to starting a new load cycle, 
and the motor pulled out of step and 
operated that way until the load 
dropped enough to allow it to pull back 
into step, as at C. This graphie chart 
was taken on a 600-hp., 2,200-volt, 
100-r.p.m., synchronous motor having 
a full-load current at unity power fac- 
tor of approximately 125 amp. 
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Fig. 15—Operating characteristics 
of a compound motor having 20 
per cent series field. 


the reliability of the excitation. 
Where the field current is taken from 
the plant system we must face the 
possibility of failure of the field 
without failure of the a.c. side. 
However, by the improvements of 
rotor design mentioned before. 
making high, squirrel-cage torques 
available immediately on failure of 
the field we have a motor which will 
carry its load even without a field. 
The remaining step which has 
already been taken is to build heat 
capacity into the motor so that when 
the field fails and the motor starts to 
operate as an induction motor and 
thus take a larger stator current as 
well as a rotor current, there will be 
no overheating for a reasonable time 
—such a time as is ordinarily re- 
quired to restore the d.c. service. As 
a measure of the heat capacity we 
have been specifying that the motor 
shall operate for 15 min. as an in- 
duction motor at full load without 
dangerous overheating. This would 
mean that the maximum tempera- 
tures should not exceed those given 
by the A. I. E. E. Standardization 
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Rules for the various classes of in- 
sulation. 

The ability of a well-designed 
synchronous motor to carry its load 
for short periods without excitation 
is well illustrated by the chart shown 
in Fig. 14. Here a graphic ammeter 
was connected in the circuit feeding 
a 2,200-vclt, 600-hp., 100-r p. m., syn- 
chronous motor. The load follows a 
6-min. cycle. The current during 
most of the cycle is between 130 and 
150 amp. In Fig. 14 at A at the right- 
hand end of the chart, the current is 
just about this value. 

At this point the field was opened 
and immediately the current approx- 
imately doubled. The significant 
fact is that the motor did not pull 
out of step. About the middle of the 
chart, however, a new cycle is begun 
and the peak load at the beginning at 
point B pulls the mofor out of step. 
This is evidenced by the large in- 
crease in current and the oscillation 
of the instrument pen at slip fre- 
quency, between B and C in Fig. 13. 
Shortly the load drops somewhat, 
and the motor pulls back into step 
at C, only to be pulled out again for 
a brief interval a few moments later. 
The points where it pulls out of step 
and drops in again are distinctly 
evident. This shows very clearly how 
short interruptions to the excitation 
may be inconsequential so far as the 
operation of the motor goes. 

There is one other possibility 
offered by the synchronous motor of 
which advantage has been taken. It 
can be stopped very quickly by 
dynamic braking; that is, by discon- 
necting the armature from the line 
and connecting it to a resistance, 
leaving the field connected to the 
direct- current power supply. The 
motor then acts as a generator and 
the retarding torque may be adjusted 
by changing the resistance into 
which it is discharging. On drives 
where it is necessary to have an 
emergency means of stopping, this 
becomes very desirable, for in itself 
the synchronous motor comprises not 
only a very satisfactory slow-speed 
motor, but also an equally satisfactory 
brake, When the field is supplied from 
the plant direct-current distribution 
system and the motor is to be used 
for dynamic braking, means must be 
taken to stop the motor automatically 
on failure of the direct-current, 
power supply. 

This completes the picture I have 
roughly attempted to sketch. It 
comprehends the entire industrial 
world in which the vast majority of 
the motors, and by far the largest 
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part of the Icad, consists of induction 
motors with their relatively low 
average power factor. To make this 
load economical from an electrical 
standpoint, something is required to 
raise the power factor. For this 
purpose therefore, it is suggested 
that a small number of large syn- 
chronous motors be scattered 
systematically around the plant. 
Each will carry load so as to operate 
at a power factor which will make 
its corrective effect most useful. The 
resultant whole will then be satis- 
factory both from the mechanical 
and the electrical standpoints. 


-Control of Window Light 
Deserves Attention 


LTHOUGH reflectors are em- 
ployed almost universally today 
in the artificial lighting of factories, 
offices and other buildings, to direct 
the light where it is needed and to in- 
sure that the largest possible volume 
of light will be available, we have not 
given much attention to the control 
of natural light that pours in 
through the windows. The incon- 
sistency of this was presented with 
most interesting evidence and many 
practical suggestions by Professor 
H. H. Higbie of the University of 
Michigan, speaking before the 
Twentieth Anniversary Convention 
of the Illuminating Engineering 
Society. 

Discussing the effect of the 
various means of control upon the 
quantity and quality of the window 
illumination, Professor Higbie pre- 
sented data from numerous surveys 
embracing shades covering top of 
window, shades covering bottom of 
window and Venetian blinds covering 
the whole of the window. So far, 
all our findings appear to indicate,” 
he said, “that control of light from 
windows by means of Venetian blinds 
is better than control by shades cov- 
ering the lower sash, which itself is 
better than control by shades cover- 
ing the upper sash.“ 

„Whatever may be the merits of 
using roller shades of material 
having good transmitting properties, 
the fact remains that most window 
shades in ordinary use transmit very 
little, and such contro] as they exer- 
cise is by merely absorbing and 
destroying the light. In contrast 
with such a wasteful method, the 
Venetian blind presents a solution of 
the problem which seems to have 
great possibilities, in that the light 
may be redirected and made useful 
instead of being absorbed. If the 
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slats be sloped up inward, the light 
from sun and sky is largely reflected 
back out of doors and all values of 
illumination in the room, maximum 
and average as well as minimum, 
should be decreased. If the slats be 
sloped down inward (or up outward) 
and are of light color so as to have 
gcod reflecting value, a considerable 
part of the light striking the window 
from outside, which otherwise would 
pile up near the window where not 
needed, is either thrown directly to 
the rear of the room where most 
needed or is thrown first to the ceil- 
ing and from it reflected more or less 
effectively back to working planes 
preponderantly at the rear of the 
room. 

“The result obtained by changing 
the slope of the slats is easy to follow 
with the unaided eye, it being pos- 
sible to throw a vaguely defined 
bright zone across the ceiling to the 
rear wall; and by means of a photom- 
eter it is easily shown that great in- 
creases may be produced in either 
the horizontal or vertical illumina- 
tion at the rear of the room, with 
corresponding decreases in the maxi- 
mum illumination near the windows.” 

In an analysis of natural illumina- 
tion through Venetian blinds, Profes- 
sor Higbie said: “From a theoretical 
viewpoint it appears that Venetian 
blinds, properly constructed and used, 
should have an advantage over all the 
ordinary types of window shades in 
that they are able to redistribute the 
light which they intercept and render 
it useful, instead of merely absorbing 
and destroying it. Control of natural 
illumination in interiors by means of 
roller shades which cover the upper 
part of the window is the least de- 
sirable method. It is better to use 
shades which cover the lower portion 
of the window, the roller being 
mounted at the meeting rail of the 
upper and lower sash, or at the 
window sill, or adjustable in height. 

t is best to use Venetian blinds, 
which operate to redistribute the 
light rather than to absorb it. In 
some cases such blinds may be ad- 
justed so as to render the illumina- 
tion not only better distributed but 
actually higher at critical points than 
it would be with bare windows. The 
amount of improvement of illumina- 
tion depends upon a proper finish of 
the slats for high reflecting power, 
and upon a proper adjustment of 
their angle. In the cases tested, this 
angle lay between horizontal and 
thirty degrees below horizontal as 
we look along the slats into the 
room.” 
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Getting the Most from 
Silent Chain Drives 


used in.industrial plants, by making sure that they 
are properly designed for the service conditions, 
carefully installed, and given the necessary attention 


By A. B. WRAY 


Chief Engineer, Morse Chain Co., 
Ithaca, N. Y. 


HE silent chain drive is be- 
coming a factor of ever in- 
creasing importance in the 
transmission of power. Inasmuch 
as they are made in sizes ranging all 
the way from the drive employed in 
the head of a sewing machine to 
those that transmit 1,000 or more 
horsepower in rolling mills and 
similar installations, their field of 
application is very large. The de- 
velopment of the electric motor gave 
great impetus to the use of silent 
chain drives, as electric motors can 
be built in almost any size desired 
and installed close to the driven 
shaft, the only factor limiting 
this distance being the form of 
transmission used. It was not al- 
ways feasible or satisfactory to use 
a belt drive. On the other hand, a 


gear drive is noisy and often pre- 
cluded placing the motor at the most 
advantageous place. Under these 
conditions, the silent chain drive has 
offered a number of worth-while ad- 
vantages which have been appreci- 
ated by industrial plant operators. 
The policy of the silent chain 
drive manufacturers has had a good 
deal to do with the success of this 
type of drive. They have preferred 
to design the drives themselves 
after having full specifications cov- 
ering the requirements. They have 
considered each application as an 
engineering proposition and recom- 
mended what they considered most 


This shows a double-reduction 
chain drive to a set of rolls in a 
lead mill. 


The first reduction is from 250 to 63 
r.p.m.; the second reduction is from 
63 to 19.7 r.p.m. 

ate on 120-in. centers. 
rated at 125 hp. 


Both chains oper- 
The motor is 
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suitable for the conditions, thus 
avoiding troubles that would occur 
if the design had been selected by 
one who is not a specialist or 
familiar with designing this type of 
drive. There have, of course, been 
failures, but the manufacturers 
have either furnished replacements 
to make the drive successful, or took 
it back on a basis that kept the con- 
fidence of the users. 

There are engineers who believe 
that their service requirements are 
unusual; that the product going 
through the machines is too delicate 
for a positive drive. For a num- 
ber of years textile mills, particu- 
larly, were fearful that the positive 
drive could not be used on certain 
of their machines. Fifteen years 
of successful service on spinning 
frames, twister frames, spoolers and 
preparation machines has demon- 
strated that few, if any, of these 
machines cannot be driven to ad- 
vantage by silent chain drives. 

Some operators have been afraid 
of their machines jamming, thus 
breaking the machine and spoiling 
the work, but seldom have their 
fears been justified. The chain 
drive manufacturers are in position 
to furnish shearing pins or slip 
sprockets where something of this 
kind is really necessary. 

There are today very few machine 
tools that are not furnished with 
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Here an ammonia compressor is 
driven through a double-reduction 
chain drive. 


The first reduction is from 850 to 198 
r.p.m. The chain is 10 in. wide and 
operates on a center distance of 36 in. 
For the second reduction of 198 to 
45 r.p.m. a 5-in. chain is used, which 
operates on 84-in. centers. The motor 
is rated at 75 hp. 


individual motor connected through 
a silent chain drive, and while driv- 
ing the motor is the principal use 
on machine tools, a chain is often 
used to replace a train of gears, or 
other drives for the feed auxiliaries 
and special mechanisms. Engineers 
with special problems to solve have 
come to the silent chain manufac- 
turers and so there have been de- 
veloped special uses and special 
chains for a large variety of pur- 
poses. 

Thus, the manufacturers of hoist- 
ing machinery, power shovels, ditch- 
ing machinery, dredges, and the 
like have found the silent chain 
drive ideal as a connection between 
the electric motors or gas engines 
that drive the machine. Gearing 
would be noisy and preclude placing 
the motor or engine at the most ad- 
vantageous point. Belting is out of 
the question for such applications. 

Silent chain drives have been used 
for a good many years in steel and 
brass rolling mills on hot rolls, cold 
rolls, wire drawing benches, and so 
on. The quality of the work pro- 
duced has been superior to that pro- 


duced on similar machines with 


other types of drives. 

In large power drives such as are 
used in rolling mills and power sta- 
tions, the chains often transmit over 
1,000 hp. In such installations, a 
silent chain has the advantage that 


it gives a positive drive and requires 
only a short center distance between 
the two shafts. The largest chain 
drive ever constructed transmits 
5,000 hp. 

Manufacturers of refractory bricks 
have for a good many years found 
that the silent chain drive meets 
their requirements better than any 
other form of drive. The service is 
unusually severe and the drive does 
not give the life that it does under 
more favorable conditions, but on 
direct comparison of results ob- 
tained with other types of drive they 
find the chain drive to be the most 
economical. 

Printing establishments are large 
users of silent chain drives. Most 
of the large city newspapers use 
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silent chains for driving the multiple 
presses. At first the chain manu- 
facturers felt that the drive was 
ideal for the rotary presses, but 
were a little afraid of the flatbed 
and color presses on account of the 
reciprocating motion of the bed. In 
the past few years a great many of 
these presses have been successfully 
driven. When proper attention has 
been given to the dashpots on the 
presses, chain drive has not caused 
any trouble. 

The manufacturers of silent chain 
drives do not claim that their drive 
should be used on every possible ap- 
plication. Their success has largely 
come from considering each drive as 
an engineering proposition and 
recommending a chain drive only 
where they felt that it was better 
than any other form of drive. 
Drives on extremely long centers are 
not suited for silent chain; nor are 
drives on excessively short centers. 
Very often a silent chain drive can 
be used on the same centers as a 
gear drive, but this is accomplished 
by the use of smaller sprockets. Ma- 
chines that operate with a recipro- 
cating motion, or that impose vibra- 
tory or shock loads, should be looked 
to with care. Of course, if there is 
a sufficiently large balance wheel the 
load becomes fairly uniform, or a 
spring sprocket can be used to re- 


In this case a 6-in. moulder is 
driven by a 10-hp. motor through 
a silent chain. 


The reduction is from 1,500 to 800 
1 Distance between centers is 
18 in. 


458 


lieve the chain from the shock. This 
will improve the operation, but does 
not correct the trouble as does the 
balance wheel. 

There have been cases of misap- 
plication and abuse of the chain 
drive and the chain manufacturers 
have tried hard to educate their 
users so as to avoid these dangers 
and troubles. 

It must be borne in mind, how- 
ever, that the proper selection, in- 
stallation and maintenance of a 
silent chain have much to do with 
the reliability and quality of service 
that a chain drive will give. This 
is equally true of every piece of 
equipment. 

The principal factors influencing 
the design of a silent chain drive 
are the power to be transmitted, the 
speeds of the driving and driven 
shafts, the center distance, and the 
service. The higher the rotative 
speed, the smaller the pitch it is 
necessary to use. All manufacturers 
of silent chain drives use circular 
pitch. For mechanical reasons, it is 
not good practice to make a chain 
more than approximately 12 times 
the pitch in width. This limits the 
amount of power that can be trans- 
mitted by a certain pitch, although 
it is possible to use multiple-strand 
drives, as many as four strands 
having been used successfully on a 
single drive. 

It may be interesting to discuss 
for a moment some of the points 
that must be considered in laying 
out a chain drive. 

Briefly, designing a silent chain 
drive consists in selecting the proper 
pitch, width of chain and number of 
teeth in the sprockets, and determin- 
ing the shortest center distance for. 
best operation, unless the center dis- 
tance is fixed by other conditions. 

The first step is to determine the 
proper pitch. In almost every case 
it is desirable to use the largest 
pitch possible and yet not exceed the 
maximum allowable rotative speed 
for that pitch. In some cases it is 
permissible to use a certain pitch 
at higher rotative speeds than would 
ordinarily be allowable for that 
pitch. When only small amounts of 
power are to be transmitted, it is 
sometimes necessary to use a smaller 
pitch than the rotative speeds would 
indicate, on account of the ex- 
tremely narrow chain that would be 
called for in the larger pitch. 

The second step is to select the 
proper number of teeth for the 
driver and driven sprockets. We 
have compiled a data table that 
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Lineshafts are frequently driven 
through silent chains. 


This chain transmits 200 hp. and gives 
a reduction of 575 to 154. It oper- 
ates on 48-in. centers. 


shows the minimum number of teeth 
for the driver sprocket and the 
maximum desirable for the driven 
one, with the desirable number of 
teeth for both. With this information 
we proceed to determine the number 
of teeth in the sprockets, working 
this out in the form of a proportion 
as follows: 


Silent chain drives may be used to 
transmit small as well as large 
amounts of power. 


The sewing machines are operated 
from a lineshaft which is driven by 
a 2-hp. motor through a silent chain 
11 in. wide. The distance between 
centers is 18 in. and the chain gives a 
reduction of 1,100 to 417 r.p.m. 
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Driver r.p.m. — driven r.p.m. = 
driven teeth —- driver teeth 

Having selected the number of 
teeth in the sprockets, we proceed to 
figure the chain speed in feet per 
minute, using the following. formula: 

(Driver teeth X r.p.m. X pitch) 

— 12 = feet per minute 

Having found the chain speed and 
knowing the horsepower to be trans- 
mitted, the total pull of the tight or 
driving strand of the chain is de- 
termined by using the following 
formula: 
(Hp. X 33,000) + feet per minute 

= total pull 

Knowing the total pull, the next 
step is to select the width of chain. 
The table shows the allowable pull 
per inch in width for the different 
pitches. This, divided into the total 
pull, gives the width of the chain. 
It is always advisable to use the next 
wider chain than cailed tor by the 
following formula: 

Total pull + allowable pull per 

inch = width in inches 

In a good many cases where serv- 
ice is continuous or severe. an 
extra-wide chain should be selected. 

In motor drives the driver 
sprocket is almost always made of 
steel and hardened. It is only where 
there are a relatively large number 
of teeth in the driver sprocket and 
where the rotative speed is slow that 
it is safe to use sprockets made from 
semi-nickel steel castings or cast 
iron. Large cast-iron sprockets may 
be made up solid, split, spring or 
shearing pin type, according to the 
requirements and service. 
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The designer of a silent chain 
drive has some choice as to pitch. If 
he wants a very quiet running drive, 
he will use a smaller pitch than 
designated. On a variable-speed 
drive he will sometimes select a 
pitch that will be over-speeded at 
the high speed, knowing that the 
drive will not run much of the time 
at that speed. If other conditions 
are favorable, he will sometimes 
select a shorter center distance than 
would ordinarily be suggested. 

As mentioned previously, there 
are certain machines that are not 
suited for silent chain drives. These 
are machines that operate with a 
reciprocating motion, with only a 
very small or no balance wheel. 
Sometimes machines of that type 
can be driven by means of a spring 
sprocket. A spring sprocket has a 
rim mounted on the hub that is kept 
in balance by compression springs. 
These springs relieve the strain on 
the chain as the load changes. 

Some machines are likely to stall 
and the users feel that a belt will 
slip and throw off in case of stall- 
ing, but the silent chain manufac- 
turer is in position to furnish a 
shearing pin sprocket in which the 
number of pins can be varied so as 
to shear at any desired load. These 
pins can easily be renewed, in case 
they shear. 

To get the best results from a 
silent chain drive, the installation 
should be made rigid. This calls for 
a good foundation; foundations and 
bearings should be rigid to prevent 
vibration or springing of the shafts. 
The sprockets must be carefully 
aligned and should be mounted near 
enough to a bearing to prevent any 
tendency of the shafts to spring, and 
should be securely fastened on the 
shaft to prevent shifting or mis- 
alignment. The shafts must be 
level and parallel with each other. 
When split sprockets are used, great 
care should be taken not to bruise 
the fracture where the halves go to- 
gether. The bolts should be tight- 
ened equally, so as to bring no un- 
due strain on the sprocket, which 
might cause failure. 

Care should be used not to drive 
keys in too hard. When installing 
spring sprockets or shearing pin 
sprockets, be sure to see that these 
are properly lubricated between the 
rim and inner member. When in- 
stalling the shearing pin sprockets, 
it is suggested that only two shear- 
ing bolts be used at first. If these 
shear too easily, additional bolts can 
be added. Remember, too, that a 
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This silent chain is rated at 60 hp. 
and drives a ball mill. 


silent chain should never be run 
tight. This prevents the proper 
action of the joint and proper en- 
gagement of the chain with the 
sprocket teeth. In consequence, it 
causes unnecessary pressure on the 
bearings and reduces the efficiency 
of the drive. 

Be sure that the joint pins are 
properly inserted in the chain, as 
shown in the literature of the chain 
manufacturer, and the washers se- 
curely riveted. 

After the installation of a chain 
drive is complete, it should be care- 
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This is one of three 50-hp. silent 
chain drives on the calenders in a 
rubber factory. 


Operating on 54-in. centers, this chain 
gives a reduction of 690 to 138 r.p.m. 
It is 6 in. wide. 
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fully examined to make sure that it 
is operating properly, before it is 
put into service. Failure to do this 
may cause trouble. 

No piece of equipment will con- 
tinue to operate at its highest effi- 
ciency without a certain amount of 
attention, and chain drives are no 
exception to this rule. Therefore, be 
sure that the drive is kept rigid, the 
sprockets in line and the shafts 
parallel. Misalignment of the shafts 
often occurs, due to shrinkage of 
timbers or settling of the building. 
The chain should be kept well lubri- 
cated, using oil when possible to 
do so. Greasing is often sufficient 
on large drives. If the chain be- 
comes gummed up, it should be 
cleaned with kerosene and then 
thoroughly oiled before it is put back 
in service. 

Sometimes there is a tendency for 


links in the chain to crowd together, 


or for the pins to protrude. This is 
the result of insufficient lubrication 
on starting and the cutting of the 
links as the chain flexes. This con- 
dition can usually be corrected and 
overcome by taking a screwdriver or 
chisel and spreading the links apart, 
and then thoroughly lubricating with 
a heavy oil. The oil used should be 
heavy enough to prevent the crowd- 
ing together of the links. 

A drive should usually be encased 
for safety and to prevent dust and 
grit getting into the chain. It is not 
necessary to run the chain in an oil 
bath, although this is often done, as 
under most conditions it can get 
along with considerably less lubri- 
cation. 

On drives where the load is pul- 
sating, slack should be kept to a 
minimum. On the other hand, no 
chain drive should ever be run with 
initial tension. In a vertical drive 
the slack in the chain should be 
watched to see that it does not be- 
come excessive; otherwise serious 
trouble may develop. 

Although a good silent chain has 


years of service built into it, and 


will deliver this service if it is given 
the proper chance to do so, it will 
not run forever. However, it gives 
plenty of warning that wear is tak- 
ing its toll, the lengthening in pitch 
being visible by noting how far out 
on the teeth of the sprocket the 
chain climbs. The silent chain ad- 
justs itself to its true pitch circle on 
the sprockets and eventually reaches 
a point where it will jump over and 
skip the teeth. It should be replaced 
before this point is reached, as other- 
wise it will destroy the sprockets. 
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Methods of 


Reducing 
Friction 
Losses 


in power drive equipment 
by using better bearings 
and rearranging drives to 
improve operation 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


N THE process of transmitting 
| Fee energy from the 

motor through belts, gears, or 
chains to the spindle of the driven 
machine there is a loss of power. 
This loss may be comparatively large 
or small, depending on the type of 
mechanical power drive equipment 
used, its condition, and several other 
factors. In any case, this loss is 
due to the friction of moving parts. 
Friction is a troublesome, but in- 
evitable, consequence of the rotation 
cf a shaft in its bearings. Although 
friction serves many useful purposes, 
as for example when power is trans- 
mitted through a belt drive, it is the 
cause of a great waste of power. 

No one knows how much power is 
unnecessarily wasted through fric- 
tion and otherwise in the industrial 
plants in this country. Expressed 
in terms of horsepower, or in dollars 
and cents, this total loss in power 
would undoubtedly be larger than 
most. of us realize. As was stated 
above, a certain loss of power is in- 
evitable in the operation of power 
drive equipment, but in the great 
majority of industrial plants there 
are many places in which power 
losses that are primarily due to fric- 
tion can be considerably reduced. It 
is the purpose of this article to con- 
sider some of the ways in which this 
can be done. Under the competitive 
conditions that exist today, and with 
power at its present cost level, 
serious efforts to reduce power 
wastes to a minimum can easily be 
justified. 

Frequently, operating executives 
do not know how much power is be- 
ing wasted, through friction, in 
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their plants. It is not a difficult 
matter to check up on this, and the 
results are almost certain to be in- 
teresting and instructive—probably 
surprising. All that it is necessary 
to do is to measure the power input 
to the motor driving a lineshaft, say, 
with all of the machines running 
idle. This will give the power loss 
in the motor, belts, line- and 
countershaft bearings and so on. If 
it is desired to determine the loss in 
the various elements of the system 
this may be done with equal facility. 
Thus, for the sake of accuracy the 
running losses of the motor may be 
determined by throwing the belt off 
and measuring the power input to 
the motor while it is running light. 
In the same way the power required 
to drive a lineshaft alone, may be 
found by throwing off all belts to 
countershafts, jackshafts and ma- 
chines. With the data obtained in 
this way, one is in position to under- 
take constructive work looking 
toward the reduction or elimination 
of some of the power losses. Further- 
more, such data make it possible to 
determine the effectiveness of any 
change which may be made for this 
purpose. 

Individual motor drive is fre- 
quently advocated as a means of 


This rope imposes severe operat- 
ing conditions on the shaft bear- 
ings. 

Fafnir ball bearings are used in this 
high-speed drive to a woodworkirg 
machine for making plow handles, in 


the plant of the B. F. Avery Co.. 
Louisville, Ky. 


eliminating the power losses inci- 
dental to the operation of group 
drives. Under many conditions in- 
dividual drives unquestionably offer 
a number of worth-while advantages 
and are worthy of consideration, par- 
ticularly in the case of new installa- 
tions or where extensive alterations 
to, or revamping of, an existing in- 
stallation is necessary. However, in 
many cases, it is not desirable, or 
feasible, to adopt individual drives 
for all production equipment, and the 
operating executive must allow the 
power drive equipment to remain in 
substantially its present form. His 
only recourse is then to-reduce fric- 
tion losses to the lowest point by put- 
ting the power drive equipment in 
the best possible condition. 
Beginning with the lineshaft, mis- 
alignment of this is a very common 
and important source of power losses. 
Granting that the lineshaft was 
properly erected and aligned at first, 
settling of the floors and foundation 
and warping of beams in mill-type 


— 
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buildings almost always takes place, 
with the result that the lineshaft is 
thrown out of alignment. This will 
increase considerably the friction in 
the bearings and may cause whipping 
or bending of the shaft. | 

It is, consequently highly advisable 
to check Iineshafts for alignment at 
intervals of a year or so. There are 
several methods of doing this, one of 
which was described in the article 
entitled “Erecting and Aligning a 
Lineshaft Drive,” on page 398 of the 
September, 1926, issue of INDUSTRIAL 
ENGINEER. Briefly, the procedure is 
as follows: 

The shaft is leveled with a level 
having a V-base, by adjusting the 
vertical screws in the hangers. A 
strong cord line is then stretched 
parallel to the shaft and fastened to 
targets, which may consist of boards 
nailed to the joists. One target 
should be nailed firmly, while the 
other may be fastened by a single 
nail and then adjusted so that the 
distance from the line to the shaft is 
the same at each end before it is 
fastened securely. The next step is 
to see that the distance from the line 
to the shaft is the same at all hang- 
ers. After the vertical and side ad- 
justing screws in the hangers have 
been adjusted and tightened, the 
shaft should be carefully checked 
again with the level and with the 
line. 

Nor are the harmful effects of mis- 
alignment confined to lineshafts. 
Gear and chain drives often get out 
of line, which increases friction 
losses and wear on the parts. 

Ball and roller bearings are widely 
used on lineshafts and are a very 
effective means of reducing the fric- 
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Here is a short-center belt drive in 
which the pulley ratio is 1:30. 


The motor pulley is only 2 in. in diam- 
eter, whereas the driven pulley is 60 
in. A Pulmax drive (Bird Machine 
Co.) is used on this installation, which 
is located in a paper box factory. 


tion. There are on the market a 
number of makes of both ball and 
roller bearings that can be used to 
replace plain, babbitted bearings, 
without much trouble or expense for 
installation. One of the incidental, 
but important advantages that 
accrue from the use of ball or roller 
bearings is the decided reduction in 
maintenance expense. These bear- 
ings require greasing a few times a 
year at the most, instead of daily, or 
ut very frequent intervals, as is the 
case with plain bearings. 

The use of ball and roller bearings 
en lineshafts was discussed, and 


In this instance roller bearings are 
used on all of the lineshafts. 


This is the light punch press depart- 
ment in a large automobile plant. 
Hyatt roller bearings are used in the 
lineshaft hangers. 
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some of the types available illustrated 
in an article on page 229 of the May, 
1924, issue. 

Much can oftentimes be accom- 
plished in the way of reducing fric- 
tion losses by ‘eliminating as many 
jack- and countershafts as possible 
and driving the production machines 
through clutches or clutch pulleys. A 
good deal of power may be wasted in 
countershafts, unless these are 
equipped with anti-friction bearings, 
while loose pulleys are frequently a 
prolific source of trouble. Further- 
more, constant shifting is hard on 
belts. Belts subjected to much shift- 
ing usually run out of true, suff- 
ciently so that one edge and some- 
times both come into contact with the 
shifting lever, with the result that 
the belt is eventually badly frayed. 
This condition is oftentimes re- 
sponsible for the destruction of a 
belt long before it has given the serv- 
ice which it really is capable of giv- 
ing. Many production machines are 
now equipped with cluch pulleys as 
an integral part. 

Again, much power may be wasted 
by running groups of machines, or 
lineshafts, that are not actually in 
use, for example, when only a por- 
tion of a department is working, as 
on night shifts or at certain seasons 
of the year. 

Under these conditions friction 
cutoff couplings and clutches can be 
used to enable a section of shafting 
or a machine to be disconnected or 
connected at will by moving a lever. 
A, friction cutoff coupling is 
ordinarily used to connect and cut 
off two sections of shafting. One- 
half of the coupling is usually keyed 
solidly to one shaft while the other 
half is keyed either solidly or by a 
feather key to the other shaft. By 
different mechanical means such as 
a lever, toggles, springs, spiral gears 
and other devices, one-half of the 
coupling is made to seize and clamp 
the other half. The friction clamp- 
ing devices of clutches and cutoff 
couplings are quite similar in several 
types, particularly when one concern 
manufactures both cutoff couplings 
and clutches. In several such types 
half of the clutch is keyed on the 
shaft and the other half fastened to 
a loose pulley or gear which may 
ride on the shaft or ride on a special 
sleeve or extended hub. Clamping 
action is usually secured by a lever. 
In reality, cutoff couplings and 
clutches differ but little in principles 
of construction other than is made 
necessary by the different uses. 
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Inasmuch as mistakes are some- 
times made in selecting a clutch of 
the proper capacity, it may be well 
to say that perhaps the best general 
rule to apply in the selection of a 
clutch is to use one with the full 
rated capacity of the pulley to which 
it is connected at the rated speed, or 
of a double belt of the proper width 
for the pulley. Another reason for 
installing a clutch of the full rated 
capacity of the pulley which it may 
be called upon to drive, is that manu- 
facturers frequently under-specify 
the power required to drive their 
machines; also, when the clutch is 
mounted on the lineshaft, in particu- 
lar, additional or larger machines 
may be added at any time. For this 
reason, for a lineshaft cutoff coupling 
it is always well to install a coupling 
of the full capacity of the lineshaft. 
It is also advisable when figuring the 
horsepower rating of a friction 
clutch or coupling, to take into con- 
sideration the effect of suddenly ap- 
plied loads and the running speed, 
rather than simply the power trans- 
mitted through the clutch when en- 
gaged. Obviously, there is much 
more slippage when engaging a 
clutch on a fast-running shaft than 
on a slow-speed shaft. This, of 
course, affects the life of the friction 
surfaces. 

Other important points to be con- 
sidered in the selection and operation 
of clutches and cutoff couplings are 
discussed in articles in the January 
and March, 1924, issues of INDUS- 
TRIAL ENGINEER. » 

Unless properly laid out, short- 
center belt drives are frequently 
troublesome from several stand- 


points, among which are the difficulty 


of obtaining sufficient arc of contact 
on the pulleys, and the consequent 
necessity of using high belt tension 
to prevent slipping. High belt ten- 
sion, in turn, greatly increases fric- 
tion, thus wasting power, causes 
bearings to run hot, and may cause 
them to burn out. In addition, ex- 
cessive tension is injurious to a belt 
and will tend to shorten its life. 

As a remedy for these conditions, 
wide use is madé of idlers or belt 
tighteners. Oftentimes these idlers 
are home made from parts that are 
available at the moment, and do not 
give the same quality of service that 
can be obtained from a properly de- 
signed idler, of which there are sev- 
eral different makes on the market. 

There are two general types of 
idlers employed to tighten belts. One 
general type consists of a pulley 
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which may be moved up and down, 
horizontally, or on a slant by a screw, 
or rack and pinion. Means are usu- 
ally provided for locking the idler 
pulley in position, so that it will 
maintain a certain tension. With 
this type there is no means of de- 
termining the tension applied to the 
belt, with the consequent danger that 
excessive tension will be used. 
Furthermore, any regulation of ten- 
sion to meet changing conditions 
must be made manually. In another 
common type of idler, use is made of 
an idler pulley on a swinging arm, 
tension being maintained by means 
of counterweights or by springs. 

In the use of home-made idlers, 
particularly, the mistake is often 
made of placing the idler so that it 
serves merely to increase belt ten- 
sion, without materially increasing 
the arc of contact on the pulley. On 
the other hand, increasing the arc of 
contact, which means putting more 
of the belt in contact with the pul- 
leys, tends to eliminate belt slippage 


Ball bearings reduce the power 
required to turn these lineshafts. 


This shows one of the departments in 
the plant of E. C. Atkins & Co. at 


Indianapolis, Ind., in which the line- 
shafts are equipped with SKF ball 
bearings. 


Vol.84, No.10 


so that a lower belt tension can be 
used. This in turn reduces wear and 
tear on the belt and saves power by 
lessening the friction in the bearings. 

Other points which should be kept 
in mind when using an idler or belt 
tightener on a short-center drive 
are: (1) Care must be taken to see 
that the belt is not put under too 
high tension. (2) The idler pulley 
must not be too small for the thick- 
ness of the belt used. (3) It is ad- 
visable to use a cemented, endless 
belt. In any case, the belt joint must 
present a smooth surface on both 
sides of the belt. 

Short-center belt drives possess 
several advantages and when prop- 
erly laid out can be made to operate 
very satisfactorily. 

When making a survey of a plant 
for the purpose of reducing the losses 
in power drive equipment one should 
not lose sight of the fact that the 
care which belts receive has a good 
deal to do with their efficiency. A 
belt which is harsh or dry and glazed 
will have more tendency to slip then 
will a belt which is soft and pliable 
and presents a good frictional sur- 
face to the pulleys. When it is found 
that a belt is slipping there is a 
natural tendency to conclude that the 
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belt tension is too low. Tightening 
the belt may help to prevent slipping, 
but it also increases the pressure and 
consequently the friction in the bear- 
ings. Likewise, there is a decided 
danger of stretching the belt beyond 
its elastic limit, thus decreasing both 
its life and efficiency. 

As another possible remedy the 
use of excessive amounts of belt 
dressing is resorted to. If the dress- 
ing is a home-made concoction, as is 
often the case, there is a fair chance 
that it will be injurious in one way 
or another. The care of belts is dis- 
cussed in the article on page 464 of 
this issue. Consequently it need not 
be considered here, except to say that 
if a belt is of good quality, is of the 
proper width and thickness for the 
drive, and is kept clean and in good 
condition, it can be depended upon to 
render the service expected of it 
without putting it under a tension 
greater than is sanctioned by good 
practice. 

Chain drives may also be employed 
to advantage when the distances be- 
tween centers of the driving and 
driven shafts is short. One of the 
advantages of a chain drive, which 
in some installations is of consider- 
able importance, is that there is no 
slippage, as in the case of belts. 
With a chain drive every revolution 
of the driver means a definite num- 
ber of revolutions of the driven shaft 
or wheel, according to the speed re- 
duction ratio, and this ratio is main- 
tained continuously, until the drive 
is worn out. 

In general, there are three types 
of chains employed in power trans- 
mission work: block, roller and what 
are known as silent chains. Block 
and roller chains are most often 
used for connecting up two or more 
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Power is transmitted from this 


10-hp. motor to the lineshaft 


through a chain drive. 


A double, Diamond High Speed chain 
operating on 30-in. centers, and giv- 
ing a reduction of 4:1 is used on this 

installation in a Southern cotton mill. 
The lineshaft drives nine duck looms. 
In this illustration the lower part of 
the case has been removed to show 
the chain. 


shafts of a machine to give a positive 
ratio between them. Block chains 
are seldom used for power transmis- 
sion of over a few horsepower, but 
are frequently employed on small 
machines. Well-designed roller chains 
are used commonly up to about 25 to 
30 hp., and in some cases much 
higher. 

Block chains consist of a solid 
link joined by a pin and side plates. 
The pitch of a block chain is the 
distance from the center of one tooth 
opening to the center of the next or, 
as it is most often measured, from 
the center of one pin to the corre- 
sponding pin in the next link. 

Roller chains consist of links or 


In this installation the belt speed 
at times exceeds 6,000 f.p.m., 200 hp. 
being transmitted at this speed. 


The turbo-volute pump shown here is 
in service in the Hillview Levee and 
Drainage District, Hillview, III. A 


two-arm, opposed Lenix drive is used 
to maintain the proper tension on the 
belt and increase the arc of contact 
on the motor pulley. The driving belt 
is 22 in. wide. 
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plates fastened together by pins 
fitted through rollers, although 
some cheap grades are fastened by 
pins only and are not adapted to high 
speed or heavy service. In most 
roller chains the links are of equal 
length; consequently, the pitch, the 
distance from pin to pin, is approxi- 
mately one-half of that of block 
chains of corresponding size of links 
which have twice the pitch. For 
this reason, a sprocket for a roller 
chain has twice as many teeth as a 
sprocket for a block chain of twice 
the pitch. 

Silent chains are made up of 
special types of pins, connecting 
links so designed as to provide on the 
chain a tooth which fits into the tooth 
on the sprocket. They are in reality 
flexible racks; when straight, as in 
between sprockets, a chain acts as a 
rack and when passing over a 
sprocket acts as a reflex gear. It is 
similar in effect to two gears with 
about half their teeth in mesh except 
that the load is divided among them 
instead of being all on one tooth, as 
is the case with gears. The pitch of 
silent chains is the distance between 
the centers of pins in a chain. 
Sprockets do not have pitch dimen- 
sions, as do gears, but are designed 
to take chains of a certain pitch. 

As is the case with other types of 
equipment, chain drives must be 


properly selected, installed, and cared 


for if the full benefit of the ad- 
vantages which they offer is to be 
obtained. Properly-designed chain 
drives that are correctly installed 
and kept in good condition will oper- 
ate quietly and efficiently, but if 
they are neglected or abused in any 
way, their life and efficiency will be 
reduced. In particular, attention 
should be paid to the lubrication of 
chain drives. 

The manufacturers of block and 
roller chains, and of most silent 
chain drives, recommend that the 
chains be run in an oil bath, if the 
load is heavy or the chain is in con- 
tinous operation. The wear on 
chains comes on the pins, between 
the chain and the teeth. There is 
also wear due to the rubbing of the 
sides of the links against each other 
in the constant bending and straight- 
ening out as the chain passes over 
the sprocket. 

One important advantage that 
comes from the use of an oil bath is 
that all of the points where wear 
occurs are well lubricated. However, 
grease is frequently used on block 


(Please turn to page 481) 
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Recommendations on the 


Application and Care of 
Leather Belt Drives 


for industrial plant service, with a discussion of the 
‘factors that should be considered in the purchase 
and installation of this equipment 


neers in industrial plants fre- 


Paas in industrial plan engi- 
quently exercise great care in 


writing their specifications for 
shafting, hangers, hanger boxes, 
motors and machines, so as to 


obtain the most efficient equipment 
available, and will fight hard to 
frustrate any attempt to substitute 
other equipment merely to gain a 
price consideration, if it means a 
lowering of their standards of qual- 
ity, efficiency, and serviceability. 
However, to many of these engi- 
neers, “a belt is a belt,” and they 
requisition it by stating the length, 
width, and ply required, which gives 
the purchasing department a free 
hand to buy on price only. 

The following example shows the 
fallacy of such an arrangement. 
The best grade of 4-in., heavy, single 
belt for, say, a $1,500 machine tool 
would cost about $24. Another belt 


By J. R. HOPKINS 
Chicago Belting Co., Chicago, III. 


of the same weight could be bought 
for about 10 per cent less, or a 
saving of $2.40. However, the out- 
put of the machine tool depends 
upon the power transmitted to it by 
the belt. In other words, the output 
of this $1,500 machine is jeop- 
ardized through the $2.40 saving on 
the belt, which is about 4 of 1 per 
cent of the cost of the machine and 
probably less than an hour’s oper- 
ating value. 

A purchasing agent does not 
originate a purchase, but in many 
plants his only restriction when 
purchasing belting is the quantity 
needed of the different widths and 
plies. In many plants he is doing 
his work well. Purchasing agents 
have changed in recent years. To- 
day they are more studious, more 
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Sawmill service imposes severe operat- 
ing conditions which are well handled 
with belt drives. Here leather belts are 
used to drive each trimmer head at the 
W.T. Brown & Sons Lumber Company, 
Fayette, Ala. Lumber mills are large 
users of leather belts. 


capable of being entrusted with 
technical purchases, and are of a 
higher grade generally. Few pur- 
chasing agents, however, know much 
about the severe requirements or on 
what machines the belts they buy 
are to go. 

On the other hand, the engineer 
who has charge of the power trans- 
mission equipment, whether he is 
the electrical engineer, the master 
mechanic, or superintendent, has 
the authority to requisition what- 
ever belting he wants. He could 
specify the belts and do a good job 
of it and be better off if he exer- 
cised that power; but he seldom 
does. As a rule he lets this right go 
by default because he fails to ap- 
preciate the importance of good 
belting in his transmission system. 

Electrical power costs from $30 
to $40 per year per horsepower. 
The power for a machine using 24 
hp. and operating with a 4-in. belt 
costs $720 per year. The belt costs 
but $24. A saving of 10 per cent 
on the belt is only $2.40 on the first 
cost, which is less than $ of 1 per 
cent of the power bill for that belt 
for a year. The average life of an 
oak-tanned leather belt is well over 
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8 yr. The power which the 4-in. 
belt transmits in 8 yr. costs not less 
than $5,760; so why save the $2.40? 
The cheaper belt may use at least 
1 per cent more power because it 
may have to be put on the pulleys 
at a higher tension and use that 


much more power in the bearings,- 


which would mean that during the 
life of the belt, the original saving 
of $2.40 would be responsible for a 
loss of $57.60 (1 per cent of the 
power bill), or more than twice the 
cost of an entire belt of first-class 
material. 

A belt purchased at a saving 
of 10 per cent in first cost may 
cause extra shutdowns or require 
taking up more often and have to 
be replaced sooner. If shutdowns 
always occurred after the power 
was off it would not be so bad, but 
shutdowns usually come during pro- 
ductive hours and the men have to 
stand around and wait until the 
shop starts up again. So why 
should men in charge of power 
transmission not make it their duty 
to at least help out in the selection 
of leather belting? It is not neces- 
sary to take the buying power out 
of the hands of the purchasing 
department. However, it is to the 
advantage of the operating men to 
co-operate with the purchasing de- 
partment and give them the benefit 
of their experience and knowledge. 
Purchasing agents are professional 
buyers; that is their job and they 
should do the buying. 


THE RESPONSIBILITY: FOR BELTING 
SHOULD REST ON ONE MAN 


The best way to handle the belt- 
ing problem in any factory is to 
have one man in charge of the belt- 
ing. It is desirable to have him 
and his assistants spend from one 
to three days in a good belt factory. 
In this way he can learn how to 
make laps, how to dress the 
belts, and how to make repairs. By 
seeing how belts are made he will 
have a better understanding of what 
he is doing and how to do it. 

The belt man should requisition, 
install, take care of, and repair all 
the belts in the factory. If the 
plant does not have enough belts to 
occupy the time of one man he can 
take on other activities with his 
belt work. However, regardless of 
the number of belts, one man should 
be made responsible. If there are 
too many belts for one man he 
should have as many assistants as 
he needs. The belt man should have 
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a shop or a bench where he can re- 
pair belts and do such other work 
as is necessary. The shop should 
be equipped with a bench and a 
handpress, and the man should be 
provided with the equipment listed 
in the box on page 468. 

Belt Record—Card records should 
be kept of the performance of all 
belts. Suitable cards may be se- 
cured from belting manufacturers 
without charge. The card record 
should be kept on file in the office of 
whoever has charge of power trans- 
mission, where it will be available 
at any time. Each belt should have 
a separate card with spaces for a 
description of the drive and of the 
belt, when it had to be tightened, 
cleaned, dressed, the length of life 
of the belt, and why it failed. The 
purpose of the card record is to 
determine whether a belt is the 
best one for a particular drive, the 
merits of one manufacturer’s belt 
compared with another, and the 
amount of care required by a belt. 
This information will assist in fu- 
ture purchases and will show how to 
correct present installations. 

The belt man should watch the 
record of his belts on these cards, 


This record card gives all of the 
data that should be known about a 
belt drive application. 
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to see if any are stretching too 
rapidly or are requiring too fre- 
quent dressings and repairs. This 
will help him to correct unsatisfac- 
tory conditions. An oak-tanned belt 
should last for many years and if 
it has a short life, eitner the drive 
or the belt is at fault. Just before 
a belt is worn out and taken off, its 
record should be examined and be- 
fore putting another belt on the 
drive, the belt man should decide 
whether any change in the machine 
or the type and size of the belt can 
be made to improve conditions. 
Economy in the Use of Belting— 
The most important factor in true 
belt economy is to have the proper 
belt for every drive; that is a fun- 
damental rule and should be fol- 
lowed religiously. The best way to 
determine this is to keep a card 
record over a period of years of the 
performance of all belts. Until such 
time as information is available 
from such records it is best to take 
the advice of reputable belting man- 
ufacturers regarding the belts and 
their reliability under operating 
conditions. The following points 
should be borne in mind in order- 
ing a leather belt: (1) Tannage; 
(2) whether or not it is to be 
waterproof; (3) the number of 
plies; (4) width; (5) thickness; and 
(6) method of running—whether 
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open, crossed, shifted, quarter-turn, 
and so on. 

Tannage — Oak-tanned is the 
cheapest leather belt, will last the 
longest, and is recommended to be 
used wherever possible. Where 
moisture, steam or heat, or where 
considerable humidity comes in con- 
tact with the belt, and such a condi- 
tion cannot be avoided, waterproof 
oak-tanned leather belting is recom- 
mended. Chrome-tanned belts are 
used where there are excessive heat 
conditions, excessive steam, acid 
fumes, or on very high speeds over 
small pulleys. Oak-tanned belts can 
be used to operate under heat con- 
ditions up to 135 deg. F., while 
chrome-tanned belts will stand heat 
up to 250 deg. F. All belts should 
be ordered with waterproof cement 
unless there is no moisture whatso- 
ever to contend with. 

Combination-tanned (so called be- 
cause of the combination mineral 
and vegetable tanning process) 
leather belts are made essentially 
for use where the belts operate 
over three or more pulleys. Both 
chrome- and combination-tanned 
belts are more expensive than oak- 
tanned belts. It is important that 
all belts be made up with water- 
proof cement if they are to be used 
in a damp place, as moisture coming 
in contact with the ordinary cement 
causes it to soften and the laps and 
plies will soon open up. 

Number of Plies—Practical rules 
to be used when deciding how many 
plies of leather to use are as fol- 
lows: (1) Single belts should not 
be used over 8 in. wide. (2) Double 
belts should be used only on pulleys 
6 in. in diameter and over. If it is 
necessary to use a double belt on a 
pulley smaller than 6 in. an espe- 
cially pliable belt should be ordered; 
otherwise there is too much bending 
strain for the thickness. (3) Three- 
ply belts can be safely used on pul- 
leys 20 in. in diameter and over. 
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Things to Do to Get the 
Most from Belts ° 


Men who are in charge of power 
transmission should: 


Initiate the purchase of leather 

lts. 

Have a belt man responsible for 
all belts. 

Supply him with equipment 
necessary. 

Make as many belts as possible 
endless by cementing the ends. 

Inspect the belts regularly. 

Secure open laps regularly. 

Dress the belts systematically 
and at regular intervals. 

Keep belt record cards. 

Watch these belt cards. 

See that the right belt is on 
each pulley. 

If the belt now in use is too 
light for the load, put on a 
heavier one. 

aac what makes a good leather 

It. 

Know how to buy it intelligently. 

Remember: An ounce of preser- 
vation is worth ten pounds of 
cure in belt operation. 


It is best to use a double belt 
wherever possible on step-cone pul- 
leys and shifter drives. A single 
belt does not have the thickness to 
stand shifting and the area of the 
edge that comes against the shifter 
is not great enough to keep the belt 
from curling. Never use a chrome 
or combination-tanned belt with a 
shifter; only oak-tanned belts should 
be used for these drives. 

Length — When specifying length 
it is important to understand what 
is meant by endless belts. An end- 


This lineshaft drives a large paper 
machine on the floor above. 


In this case all of the drive belts oper- 
ate from a single lineshaft. Sometimes 
a carefully synchronized motor is 
placed at each belt. On a paper ma- 
chine, belts are frequently used to 
obtain sufficient flexibility to take care 
of the different grades of paper and 
the different speeds of the paper ma- 
chine. This installation is located in 
the plant of the Crown Willamette 
Paper Company, Oregon City, Ore. 


Vol.84, No.10 


less belt is one that has its ends 
scarfed and cemented together. 
This method gives a joint practi- 
cally as strong as the leather itself 
and is much superior to any joint in 
which fasteners are used. Fasten- 
ers or a lace makes holes in the 
leather and every hole in a leather 
belt reduces the tensile strength of 
the belt in direct proportion to the 
size of the hole. If a belt has a 
tensile strength of 800 Ib. per inch 
of width, a -in. hole will reduce the 
tensile strength 200 lb. In addition, 
fasteners and lace bump as they go 
around the pulleys and belts so fas- 
tened, if they do break, usually 
break where fastened. 

All belts that can be made end- 
less should be so joined. If a belt 
is to be made endless, the length 
around the pulley should be meas- 
ured with a steel tape and the 
amount needed for the lap should 
be added to this. When ordering a 
belt from a belting company or 
storeroom it is safe to deduct ; in. 
per foot in length from the total 
length required. This is to allow 
for the amount the belt will stretch 
when drawn up on the pulley. 

The belt should always be cut 
with square ends and it is best to 
use a carpenters’ square as a guide 
for the knife. When ordering a 
special belt the following informa- 
tion as to length, measured by a 
steel tape, is required: (1) State on 
all requisitions, “Actual tape length 
around the pulley, with no allowance 
for stretch.” (2) If a belt is to be 
made endless by the manufacturer 
state on requisition, “To be made 
endless, length does not include lap.” 
(3) If the belt is to be made endless 
by the user after it has been put 
around the pulley, state on the requi- 
sition, One end scarfed, length 
does not include lap.” (4) If the 
belt is to be put together with lace 
or fasteners, state on the requisi- 
tion, “Square ends.” 

Width—The width of the belt is, 
of course, limited by the face of the 
pulley. All pulleys should be at 
least 4 in. wider than the width of 
the belt. Frequently installations 
are found where the belt is too nar- 
row to deliver the load because it is 
limited by the width of the pulley 
face. In such cases a heavier belt, 
or a belt with an additional ply 
should be tried. If the pulley is 
still too small for the heavier belt 
the drive should be changed so that 
the pulley will be wide enough for 
the belt or the diameter of both pul- 
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leys increased to give a higher belt 
speed and the narrow belt used. 

Length, width, and horsepower 
complications may be computed on 
a celluloid slide rule scale, which is 
furnished by The Leather Belting 
Exchange through its member com- 
panies. This slide rule is free on 
request. 


Making Leather Belts Endless— 
Complete printed instructions for 
making leather belts endless are 
obtainable from leather belting man- 
ufacturers. These instructions are 
illustrated so that an ordinary work- 
man with very little practice can 
become reasonably expert in making 
leather belts endless. Belts made 
with non-waterproof cement require 
only about 5 min. in which to dry. 
Belts made with waterproof cement 
require two coats, the first of which 
has to dry from 20 to 30 min. and 
the second of which has to remain 
in the belt press a similar length of 
time. For these reasons it is best 
to allow at least 1 hr. for making a 
waterproof leather belt endless. 

Always place the hair or grain 
side of the belt against the pulley 
because the grain side transmits 
from 40 to 60 per cent more power 
than the flesh side. There are no 
exceptions to this rule, for running 
single belts. All belts should be 
run in the direction of the arrow 
which is stamped on the belt. This 
is so that the feather edge of the 
lap on the side next to the pulley 
will point away from the pulley as 
the lap approaches it. 

Proper tension for putting on 
leather belts is 36 lb. per inch of 
width, per ply, per strand (every 
belt has two strands). A high-grade 
leather belt shortened 4 in. per foot 
in length and then drawn together 
will have approximately this ten- 
sion. On a belt that is well 
stretched, future take-ups often can 
be eliminated by putting on the belt 
as tight as is possible. The major- 
ity of belts are put on too loose. 
The belt should be put on as tight 
as is possible without too much 
strain on the bearings, lineshaft and 
hangers. 

Belt Cement—Always use a belt 
cement made by a high-grade leather 
belting manufacturer; never use 
carpenters’ glue, as it is not suitable. 
When using ordinary belt cement it 
should be heated to a temperature 
of 167 deg. F. Do not heat up any 
more cement than will be used at 
one time, as it deteriorates on 
standing. If the weather is cold the 
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This belt drive is in the basement 
of the plant of the Goed Pine Lum- 
ber Company, Good Pine, La. 


Here a single lineshaft transmits the 
power through belts to machines on 
the floor above. The efficiency of such 
a lineshaft with modern bearings and 
the best leather belting is equaled only 
by large electric motors operating at 
full load. In many cases a_ higher 
efficiency can be obtained with me- 
chanical power transmission equip- 
ment than with electrical. 


leather should be warmed slightly 
by lighting paper and passing it 
over the parts to be cemented; other- 
wise the glue may cool before the 
ends can be cemented together be- 
cause non-waterproof cement cools 
quickly. It is important that belt 
laps be brought together squarely 
and quickly after the cement is 
applied. 

After cementing, the laps should 
be rubbed down well with a smooth 
edge of a scraper and, if on a large 
belt, hammered for several minutes 
so that all air will be expelled from 
the joint. Although non-waterproof 
cement sets quickly, the belt should 
be allowed to stand as long as pos- 
sible. It is good practice to permit 
newly cemented belts to stand from 
3 to 6 hr. before using them. It is 
best to make a rule that a belt should 
never be placed on the pulley until 
at least 1 hr. after cementing and 
this soon only in emergencies. In 
hot or damp weather more time is 
required for the cement to set than 
when the weather is cool and dry. 

After a belt has been taken off 
the pulley to be shortened or re- 
paired a light coat of liquid belt 
dressing should be applied before it 
is returned to the pulley. 

Belts that are to be put on with 
fasteners should have the ends 
squared carefully. The two ends 
are drawn up with the clamps in 
the same manner as when making 
endless belt. The two ends will 
overlap and the amount to cut out 


is marked on one end. This allow- 
ance should take into account the 
space taken up by the fasteners. 
The belt is then taken down from 
the pulley, cut to the exact length, 
and the fasteners applied. Rawhide 
laces are not widely used except on 
hand-shifted belts. As was stated 
earlier in this article, endless belts 
should be used wherever possible, as 
the holes required for lacing or 
other forms of fasteners weaken the 
belt. 


Retightening Belts—Belts stretch 
more when new than after being 
used for some time and so it be- 
comes necessary to tighten them to 
maintain the proper tension. The 
best stretched leather belting will 
not require more than one or two 
take-ups and after the stretch is all 
removed by actual running service 
no more take-ups will be necessary. 
Usually belts require tightening 
about three days after being put on. 
If a second tightening is necessary 


it usually comes about a month later 


than that. All belts should be in- 
spected and whenever they appear 
to be too loose to do the work, should 
be tightened. Retightening or tak- 
ing up a belt requires a little time, 
but it is well spent. When putting 
on a new belt, do not be afraid of 
putting it on too tight. 

Examination During Service — 
Belting and drives should be in- 
spected at regular intervals by the 
belt man; an examination of the 
card record will show when the in- 
spection should be made. At these 
times the belt should be examined 
carefully. Once every two or three 
months should be sufficient for most 
belts, but between times the belt 
man should be on the lookout for 
trouble from unexpected sources. 
Dressing and cleaning the belt can 
be attended to as a part of the regu- 
lar inspection. 
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Some of the points to look for 
and to do during the examination 
of a belt are as follows: If a belt 
lap starts to open, up cement it down 
at once; don’t wait for the belt to 
break. If a belt becomes dry, see 
that it is dressed. Have a regular 
plan for dressing belts periodically. 
It takes less time to do that than to 
do one repair job. Also, it requires 
less thought on the part of the belt 
man. If a piece of machinery or 
anything else rubs against a belt, 
remove whatever is doing the rub- 
bing; otherwise it will wear out the 
belt. If a belt is operating under a 
condition where oil is constantly 
dropping on it, correct the condi- 
tion. It is much more effective to 
stop the dripping oil than it is to 
try out belt after belt to try to get 
one that will run under such a bad 
condition. 


Belt Dressing—Belt dressing still 


seems to be one subject on which 
most belt users want information. 
Leather belts should be dressed pe- 
riodically every six months for the 
first year and at least every three 
months afterward. Belt dressing 
should never be of the sticky type 
as this destroys the belt. The best 


stick dressing today will stop slip 


instantly and also is good for the 
belt and prolongs its life. 

Do not use castor oil or neatsfoot 
oil because they do not stop slip. 
A belt dressing that simply makes 
the belt pliable and does not stop 
slip instantly will not keep up pro- 
duction. The best belt dressing in 
either stick or paste form does not 
cost much and a comparatively small 


amount of dressing will keep a num- © 


ber of belts in good condition for a 
year. 

Use a belt dressing that will pene- 
trate the leather, as it is the interior 
fibers that need lubrication the most. 
Many belt dressings are surface 
dressings only. When applying a 
dressing spread on only as much as 
the leather will absorb. Do not put 
. the dressing on too hurriedly, as it 
will tend to make the belt slip until 
the leather has absorbed it. Put on 
a little and then the slipping, if 
there is any slipping, will stop in- 
stantly. Then apply a little more at 
a time, several times if necessary. 
With all belt dressings be careful 
not to put on too much. It is better 
to put on too little than too much. 

Many power maintenance men 
have only a smattering of knowledge 
of how to buy good leather belting 
and of what there is about belting 
that makes one leather belt last 10 
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Equipment Needed by 
Belt Men 


Belt clamps for putting on and 
retightening belts. 

Electric gluepot and heater. 

Glue brush. 

Waterproof cement. 

Non-waterproof cement. 

Heel shaver, scraper and steel 


for sharpening same. 
Belt knife, steel square. 
Opening hammer. 
Steel measuring tape. 
Belt lacing equipment and sup- 
plies. 


This list contains the essential 
items of equipment. Other tools 
and supplies may be added as 
the work increases. 


yr. with only one take-up, while 
another may last only 5 yr. and have 
a take-up every year on the same 
drive. There is a great difference 
in the quality of leather belting. 
Any man who will take the simple 
steps to assure himself that he is 
buying the best leather belting, will 
secure results that will reward him 
amply for the time spent in a little 
study of the subject. 

Later on, if not right now, his 
opinion may be asked as to the 
relative merits of group and indi- 
vidual drives for some one of his 
shops. If he knows that leather 
belting can be secured that lasts for 
years with less than 14 per cent slip 
and frequently less than 1 per cent, 


This line of rolls in a flour mill at 
the Kansas City Flour Mills, Kansas 
City, Mo., is operated from a line- 
shaft on the floor below. 
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he can understand why a group 
drive of five belts driven by one 
12-hp. motor may be better than, or 
at least entitled to consideration as 
a competitor of, five individual 
motors of 5 hp. each. 


SOME RECENT IMPROVEMENTS IN 
LEATHER BELTING 


To understand why leather belts 
are so efficient it is necessary to 
appreciate the. improvements that 
have been made in leather belting 
in recent years. Today the best 
leather belting has a much improved 
surface. This is measured by the 
increase in the adhesion of the sur- 
face of the belt to the pulley face, 
which is a very important item in 
power transmission because the co- 
efficient of friction of a belt is 
dependent on its pulley grip and its 
tension. The more a belt grips the 
pulley, the less tension is required. 
Where less tension is required, less 
power is used, because the power a 
belt will transmit is the difference 
between the tensions on the tight 
and loose sides. For this reason the 
adhesion of a leather belt is impor- 
tant. However, how many belt buy- 
ers can tell the adhesion factor of 
new belts coming into their plant? 

Stretch in leather belts has also 
been improved in that some leather 
belts of today have about one-third 
less stretch than the best leather 
belts of 10 yr. ago. The best leather 
belting, from a maintenance point 
of view, is that which requires the 
fewest take-ups. Today, belting 
can be obtained that requires but 
one or two take-ups at the most. 
There is also a stretchless type of 

(Please turn to page 486.) 
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“What Controller Should 
I Use for This Drive?” 


of power drives. They start the 
motor, stop it, reverse it, gov- 

ern its acceleration and deceleration 
as well as its speed and protect it 
against damage from overload, un- 
dervoltage, single-phasing, and the 
like. Can we, therefore, in laying out 
power drives that are intended to 
stand up in severe service afford to 
slight the selection of the proper set 
of brains? A man may have a mag- 
nificent physique, yet without the 
proper mental balance his energy will 
be wasted in misdirected effort. 
Likewise, the power drive with a 
poor set of brains, will behave more 
or less like a lunatic, causing jerky 
starts, burning contacts, blazing fire 
at places unexpected by the average 
workmen and in general causing 
undue wear and tear on itself, the 
motor and the mechanical elements 
of the power drive connected thereto. 
Industrial controllers exist in such 
an astonishing variety of types and 
forms as to confuse anyone not an 
expert in this field. The selection of 
the proper motor for a given service, 


(Oe power drive are the brains 


By ARTHUR J. WHITCOMB 


Associate Editor, Industrial Engineer 


apart from that of a special nature, 
is a relatively simple matter and con- 
cerns chiefly the power available, the 
work to be done, and the general con- 
ditions surrounding the installation. 
While this is usually given intelli- 
gent study, it is often true that the 
controller is chosen with less care 
and understanding. The controller 
for a motor driving a given machine 
ordinarily plays a very minor part 
in the cost of the complete installa- 
tion, but its failure in any way to 
maintain service or secure the proper 
performance from the equipment 
will quickly counterbalance the false 
economy, which all too often is the 
main consideration in its selection. 
To apply controllers intelligently 
to power drives requires a study of 
what the controller has to do and the 
various methods of accomplishing 
such results. Selection of a con- 
troller cannot be made by going 
through a list of the various types 
available in their countless combina- 
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Push-button control of motors is becom- 
ing more widely used in industrial 
applications. This installation of auto- 
matic compensators is operated from 
push buttons located at the individual 
machines. These compensators were 
made by the Industrial Controller Co. 


tions, but we can bring up one after 
another of the fundamental con- 
siderations and arrive at what we 
are searching for by a process of 
elimination. 

The first consideration is duty. By 
this we mean the specific functions 
which are expected of the controller. 
These may be listed as follows: 

(1) To start and stop the motor, 
either at fixed points in the cycle of 
operation or at the beginning and 
end of operation. 

(2) To govern the acceleration 
and deceleration of the motor and 
provide proper accelerating and de- 
celerating conditions. 

(3) To control the direction of 
rotation. 

(4) To control the speed of rota- 
tion. 

(5) To control the amount and 
direction of torque, and 

(6) To control the flow of current. 

The next consideration is service 
and by this we mean the specific ap- 
plication in which the controller is 
to be used, which includes: General 
Purpose, covering occasional starting 
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The compensator finds wide appli- 
cation for starting squirrel-cage 
motors. 


The two compensators shown here are 
of General Electric manufacture and 
are in the plant of the Oregon-Ameri- 
can Lumber Co. at Vernonia, Ore. 
These compensators are manually oper- 
ated, but are tripped by pushing the 
button at the top of the compensator. 


of motors; and Special Purpose, cov- 
ering a long list of applications, such 
as rubber mills, cranes, elevators, 
steel mills, paper making, and the 
like, each of which demands some 
distinctive feature in the control in 
the way of capacity, specific func- 
tions and so on. 

Another consideration is protection 
to motor and driven machine, in- 
cluded in which are overload pro- 
tection, undervoltage protection, 
protection against too high current 
inrush and shock to machinery, pro- 
tection against overtravel, overspeed 
protection, and protection against 
phase reversal, phase failure, and too 
sudden strengthening of motor field. 

A feature that should always re- 
ceive special consideration is safety 
to persons. These include protection 
against restarting of motor after 
failure of power, without personal 
intervention; enclosure of live and 
working parts against shock or burn; 
locking features to prevent operation 
of equipment while work is being 
done in inspecting or repairing; 
emergency stops to shut down the 
motor from any given point and to 
quickly stop it by braking or plug- 
ging, and devices to prevent over- 
travel or overspeed on elevators or 
other equipment handling dangerous 
material, such as molten metal. 

There are also some conditions 
surrounding an installation which 
may require special protection of the 
controller. In the presence of an 
atmosphere filled with explosive ma- 
terial, gas, or acid, as in mines or 
chemical works, it is necessary to 
protect the controller against cor- 
rosion and against ignition of gas by 
arcs. It is also necessary in many 
cases to protect the controller from 
water. 

In selecting the controller best 
suited for the power drive in ques- 
tion, convenience to the operator 
should not be overlooked. Partic- 
ularly with machinery in which the 
work requires constant attention, it 
is important that the operator find 
the control within easy reach and 
manipulated with little care and 
effort. This brings up the question 
of whether the control should be 
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of the automatic or manual types. 

Having then determined what our 
controller has to do and what charac- 
teristics it must possess, let us con- 
sider the various types that are avail- 
able. Electric controllers may be 
roughly divided into two general 
classes: those providing for manual 
acceleration of the motor and those 
providing for automatic accelera- 
tion. With the first class, the ac- 
celeration of the motor is entirely 
under the control of the operator, 
while with the second class this 
operation is performed automatically. 
An example of the first class is a 
drum or face-plate controller, while 
the magnetic controller is a good ex- 
ample of automatic control. 

The earlier forms of control were 
manually operated. They were used 
on direct-current motors in railway 
and elevator service. These were 
very crude, but they have been de- 
veloped until the modern manual con- 
troller is a thoroughly reliable and 
satisfactory piece of equipment. As 
compared with the automatic, mag- 
netic type of control it has certain 
advantages and limitations which 
should receive due consideration 
when deciding what type of control 
is better adapted to the power drive 
in question. 

The manually- operated controller 
is low in price as compared to the 
automatic controller, particularly in 
the small and medium capacities. It 
is compact, simple, entirely enclosed 
and can readily be made dustproof, 


spray-proof or gasproof, if neces- 
sary. It is strong mechanically, sim- 
ple to operate, and easy to inspect. 

On the other hand there are cer- 
tain limitations of manual control 
that must be remembered when 
specifying the control for a given 
job. With the manually-operated 
controller, the operator must use dis- 
cretion in not accelerating the motor 
too rapidly, thereby injuring the 
motor and driven machine. More 
trouble is usually experienced with 
arcing in this type of controller, 
thereby causing more rapid deteri- 
oration of contacts under severe 
service conditions and necessitating 
frequent ingpection and adjustment 
of contacts. Also, for large motors 
there is a limitation in the size of 
manual controller that may be used, 
which is often objectionable when 
space for the master switch or push 
button station is limited, as on cranes 
and other applications. Also, the 
manual controller requires more ef- 
fort to operate than the correspond- 
ing automatic controller, and often 
requires a separate protective panel 
to obtain overload and no-voltage 
protection. 

Although automatic control is in 
general more expensive than manual 
control, it has many advantages that 
appeal to the operating executive. 
Probably the most important of 
these is the fact that push button 
control may be used, thereby permit- 
ting the use of operators who have 
no knowledge of electric equipment. 


—— 
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It is more “foolproof” than other 
types and may be located so as to in 
nowise endanger the operator. It 
may be provided with various safety 
devices. The automatic controller is 
characterized by positive opening and 
closing of contacts, which have long 


wife, even though they are cheap and 


easily renewed. This type of con- 
trol is strong and rugged, as well as 
easy to inspect when repairs or 
maintenance are required. 

Also, this type of control permits 
the location of the master switch or 
push button at any desired point 
which may be at some distance from 
the controller. In other words, a 
large number of master switches may 
be located in a control pulpit, thus 
centralizing the operation of a large 
number of drives while the con- 
trollers may be placed at any con- 
venient location. 

However, against these advantages 
there are several limitations in the 
use of automatic control as compared 
with the manual type. Automatic 


control is more expensive than man- 


ual control. Also, the larger sizes 
occupy considerable space. In gen- 
eral, the wiring diagram is more 
complicated and requires a higher 
type of maintenance man to take 
care of it. 

But even with these limitations 
the use of automatic control is be- 
coming more widespread. The steel 
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industry is a very good example. 
Many kinds of control have been de- 
veloped in the heavy-duty service re- 
quired by this industry. Beginning 
with crude manual controllers, this 
industry has progressed to the point 
where automatic control is almost 
the rule for the great majority of 
power drive applications. The main 
reason for this trend to automatic 
control in the steel industry is the 
fact that remote control is obtained 
by means of automatic control; the 
control master switches may be cen- 
tralized, thereby permitting one man 
to control more operations, and be- 
cause the control is automatic no 
consideration need be given the 
motor by the operator of the control. 
A feature that has increased the use 
of automatic control is the fact that 
better protection is given to equip- 
ment; the operator cannot abuse the 
latter. This is an important point, 
due to the progressively poorer class 
of labor that is being used in the 
mills. 

Another factor that is coming to 
the fore at the present time is the 
fact that in certain operations where 
drives must operate in sequence or 
on a certain cycle, the controls for 
the various drives may be interlocked 
so as to start automatically without 
an operator pushing a button. For 
this reason the past few years have 
seen a great reduction in the number 
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of men required to operate a given 


mill. 

Having weighed the relative advan- 
tages and limitations of manual and 
automatic types of control and hav- 
ing decided which type is best suited 
to the drive under consideration, the 
next step is to select the proper type 
of controller for the motor used on 
the drive in question. 

Probably the motor in most com- 
mon use today is the squirrel-cage 
induction motor. It is standard 
practice to start squirrel-cage mo- 
tors in sizes up to 5 hp. inclusive by 
connecting them directly across the 
line by means of some form of start- 
ing switch. This same method is 
also permissible for larger motors 
providing that the starting duty is 
light, the driven machine capable of 
sustaining the sudden shock, and 
that the current peaks are not ob- 
jectionable. However, the local pub- 
lic utility usually has some regula- 
tions regarding the size of motor 
that may be connected directly to 
the lines in this manner and these 
regulations must be consulted before 
finally deciding upon this method of 
control. 

When using this method of con- 
trol an across-the-line starter is used. 
It may be either manual or automa- 
tic. The manual type usually takes 
the form of a safety switch and is so 
arranged that the motor is thrown 
across the line without fuses, or with 
heavy starting fuses. After the 
motor comes up to speed the handle 
is thrown the other way so as to cut 
in the running fuses which are of the 
proper size to protect the motor 
against overload. There is also a 
manual, across-the-line starter which 
consists of an oil circuit breaker 


with definite time-limit, overload 
relays. 
The automatic across-the-line 


starter consists of a magnetic con- 
tactor and some form of overload 
protection. The contactor is con- 
trolled from a push button switch 
which may be located at any con- 
venient point. The important thing 
to consider is the type of overload 
protection provided. Inasmuch as 


Another method of starting 
squirrel-cage motors involves the 
use of a primary-resistance starter. 


These Allen-Bradley, manually-oper- 
ated, primary-resistance starters are 
in the plant of the Kosmos Portland 
Cement Co., Kosmosdale, Ky. Moving 
the operating handle upwards connects 
the motor to the line and then by 
compressing the carbon discs which 
form the resistance, reduces the re- 
sistance to a low value, after which 
the magnetic contactors close, shorting 
out the resistance. 
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the magnetic contactor closes upon’ 


pushing the push button and no 
other connections are made, the over- 
load protection must keep the motor 
on the line during the period the 
heavy starting current is taken and 
yet trip it off the line if an abnormal 
working load is encountered. This 
characteristic is provided for in the 
overload relay by arranging a time 
delay in the operation of the over- 
load relay through the medium of a 
dashpot or, more recently, by means 
of a thermal element which does not 
operate to trip the motor until it has 
reached a certain temperature. 

To reduce the shock of starting 
and to prevent line disturbances 
caused by excessive starting current 
being drawn, reduced voltage may be 
applied to squirrel-cage motors by 
several different forms of con- 
trollers. Probably the most common 
method involves the use of auto- 
transformers connected across the 
line with taps running to the motor. 
Several taps (usually from 50 per 
cent to 80 per cent) are brought out 
so that a choice of several starting 
voltages is obtainable. This type of 
starter is known as a compensator 
and can be obtained in both manual 
and automatic types. The usual man- 
ual type is equipped with a double- 
throw circuit breaker immersed in 
oil, so that the compensator handle 
is thrown one way for starting and 
after the motor comes up to speed, 
the handle is thrown to the opposite 
side, which action opens the starting 
contacts and closes the running con- 
tacts. In addition to this the com- 
pensator provides no-voltage and 
overload protection for the motor. 
The automatic compensator is very 
similar to the manual type except 
that solenoids or magnets are pro- 
vided for operating the starting and 
running switches. A definite time 


relay provides the necessary time 


interval between closing of the start- 
ing switch and closing of the 
running switch. In one type of auto- 
matic compensator, magnetic contac- 
tors of the air-break type are used 
instead of the double-throw, oil 
switch. This type of controller also 
uses a thermal overload relay, as well 
as providing no-voltage protection. 


Eee 


Across-the-line starters are the 
simplest form of control for 
squirrel-cage motors. 


In the center illustration is shown a 
Condit, manually-operated, across-the- 
line starter while at the right is shown 
a Monitor automatic § across-the-line 
starter. This one is intended for re- 
versing service on a paper baler and 
uses a drum reverse switch instvad of 
a push-button switch. 
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Naturally the automatic compen- 
sator is intended for remote control 
from a push button station that may 
be located at any desired point. The 
manual type cannot be arranged for 
this method of starting, but it can 
be stopped from a distant point by 
connecting a push button switch in 
the no-voltage release circuit. This 
is often done when one or more 
emergency stopping stations are 
necessary and also when the motor 
must be interlocked with some other 
drive, such as would be the case with 
a number of conveyor belts that are 
in series, one feeding the other. 

There are several advantages aris- 
ing from the use of the compensator 
or auto-transformer type of starter. 
Reduction of voltage by transformer 
action. avoids resistance 
thereby causing a reduction in power 
for starting. Also, the line current 
taken in starting is less than the 
motor current in a degree depending 
upon the tap used. With a 50 per 
cent tap, the line current is only half 
of the current that flows through the 
motor winding. 

Another method of starting squir- 
rel-cage motors, which also meets 
with favor, involves the reduction of 
voltage by the insertion of resist- 
ance in series with the motor pri- 
mary The amount of resistance may 
be adjusted to secure the desired 
starting voltage and torque. As the 
motor attains speed the resistors 


losses, 
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may be cut out in one or more steps. 
This method differs distinctly from 
the auto-transformer method in that 
the latter causes a reduced voltage 
of constant value to be applied to the 
motor, whereas the voltage at the 
terminals of a motor in series with 
primary resistors varies according to. 
the motor current. 

This form of control, which is 
known as the primary resistance 
method, is made in both manual and 
automatic types. One manual type 
uses tubes containing graphite dises 
for resistors. Pressure is gradually 
applied to these dises through a cam 
operated by a lever, thereby reducing 
the resistance. Slowly moving this 
lever from the off position to the on 
position connects the motor to the 
line through resistance and step- 
lessly cuts out the resistance, leaving 
the motor across the line. The auto- 
matic type of starter is more com- 
monly used with this method, how- 
ever, and many controllers of this 
type use the cast-iron grid form of 
resistance with magnetic contactors 
cutting out one or more steps of it as 
the motor accelerates. Acceleration 
is controlled through a definite time 
relay or by a series relay actuated 
by the motor current. Overload and 
no-voltage protection are also pro- 
vided. 

One of the advantages of this 
method of starting is that it is not 
necessary to interrupt the circuit in 
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transferring from the starting volt- 
age to line voltage; consequently, in- 


terruption of torque is thereby 
avoided. This type of starter has a 
low first cost, is quite simple and is 
easy to repair. It also has a good 
power factor during the starting 
period. 

Probably the newest type of squir- 
rel-cage motor controller is the pri- 
may reactance type in which reactors, 
in place of resistors, are placed in 
series with the motor primary, as de- 
scribed in the foregoing. Otherwise 
it is very similar to the primary re- 
sistance type. This type of starter 
is marked by extreme simplicity and 
is very easy to adjust for the start- 
ing conditions desired. 

Four types of controllers for 
squirrel-cage motors have been de- 
scribed, each of which is made in 
both manual and automatic types. 
Bearing in mind the differences out- 
lined in the foregoing, selection 
should be based upon the character- 
istics that best fit the conditions on 
the drive in question. In addition to 
the foregoing it might be said that 
the across-the-line starter is the sim- 
plest and most reliable form and is 
preferable wherever conditions per- 
mit its use. Where there are limita- 
tions as to the permissible shock to 
the motor or drive, as well as line 
disturbance, one of the other three 
types must be chosen. This is usually 
the case when the motor rating is 
10 hp. or larger. The relative ad- 
vantages and disadvantages of prim- 
ary resistance controllers and com- 
pensators is discussed at greater 
length in an article entitled“ Operat- 
ing. Characteristics of Compensa- 
tors and Primary Resistance Start- 
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ers,” published in the January, 1926, 
issue of INDUSTRIAL ENGINEER. 
The characterictics of the wound- 
rotor motor are such that excellent 
starting performance may be secured 
by varying a resistance connected in 
the secondary or rotor circuit of the 
motor. A controller for this type of 
motor involves switching in both the 
primary and secondary circuits. The 
primary must be connected and dis- 
connected from the lines in starting 
and stopping the motor and if re- 
versing service is required the pri- 
mary connections must be reversed. 
The secondary switching involves 
cutting out steps of resistance. The 
controllers for performing both of 
these functions may be manual or 
automatic. In the manual type the 
primary switching is handled by a 
carbon or oil circuit breaker, or if of 
low voltage, by some of the contacts 
of the drum controller or faceplate 
starter used on the secondary cir- 
cuit. Where separate control devices 
are used for the primary and sec- 
ondary circuits, some form of me- 
chanical or electrical interlock is de- 
sirable to insure that the devices be 
operated in the proper sequence. 
When reversing service is required 
on low-voltage motors, a drum con- 
troller or faceplate starter handling 
both the primary and secondary cir- 
cuits is more commonly used. When 
a separate primary switch is used, 
the low-voltage and overload protec- 
tion are incorporated thereon. When 
the primary switching is done by the 
same device handling the secondary 
circuits, separate overload and no- 
voltage relays must be provided. 
Automatic control for wound-rotor 


motors involves the. use of magnetic: 
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This totally- enclosed synchronous 
motor controller is used on a 
motor - generator set. 


The large steel tank in the corner ad- 
jacent to the d.c. generator contains 
the automatic compensator that pro- 
vides reduced voltage for starting and 
also contains an automatic field 
switching panel for applying the d.c. 
fleld excitation to the synchronous 
motor. This control equipment was 
made by the Electric Controller & Mfg. 
Co. and is installed in an automatic 
substation. The d.c. generator is con- 
trolled from the switchboard shown at 
the extreme right of the picture and 
was supplied by the Automatic Reclos- 
ing Circuit Breaker Co. 


contactors. These handle the pri- 
mary and secondary circuits in 
proper sequence and also automati- 
cally accelerate the motor under the 
ccntrol of accelerating relays. A 
push button station or a master 
switch is used for starting and stop- 
ping the controller. 

In addition to these types of con- 
trol for the wound-rotor motor there 
is also the liquid controller utilizing 
plates immersed in an electrolyte for 
secondary resistance. This controller 
will not be described, for in this 
country it is principally used only on 
some of the larger sizes of motors. 

In deciding which of the foregoing 
types shall be used on a given drive, 
consideration must be given to the 
size of the motor, voltage, and the 
frequency of starting and stopping. 
As the automatic controller is more 
expensive its use can be justified only 
when frequent starting and stopping 
are required, high voltage or large 
capacity handled, or remote control 
desired. Speed regulation can be 
obtained with either type of control 
on wound-rotor motors simply by 
cutting resistance in or out of the 
secondary circuit: that is, by stop- 
ping on any starting point that gives 
the required speed under load. In 
case speed regulation is desired, re- 
sistors having sufficient thermal ca- 
pacity for this duty must be selected, 
instead of the usual starting-duty 
resistors. 

Practically all present-day syn- 
chronous motors are started by ap- 
plying reduced voltage to the pri- 
mary or stator winding. As the mo- 
tor approaches synchronous speed, 
direct-current power is applied to the 
field winding and line voltage is ap- 
plied to the stator winding of the 
motor. During the starting period 
it is essential that the d.c. field be 
closed through resistance so as to 
prevent the generation of high volt- 
ages in the field. Hence the controller 
for a synchronous motor should pro- 
vide a means for connecting the mo- 
tor primary across a reduced voltage 
and then across line voltage; a means 
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for connecting the fields across re- 
sistance during the starting period 
and to their direct-current source 
after the motor has accelerated; a 
means for adjusting the motor field 
strength; and instruments and pro- 
tective features as required. 

Control for synchronous motors is 
made in both the manual and auto- 
matic types. With the manual type 
either two oil circuit breakers or a 
double-throw, oil circuit breaker is 
used for applying the reduced volt- 
age. A field switch, meters, and field 
resistors complete the control. 

Due to the fact that more care and 
skill are required in starting a syn- 
chronous motor than is the case with 
a squirrel cage motor, automatic con- 
trol is often preferred. In this type 
magnetic contactors or solenoid- 
operated oil circuit breakers replace 
the oil switches and a magnetic con- 
tactor replaces the field switch. To 
insure that the various switches 
close at the proper time a relay work- 
ing either on the time element 
method or the field frequency 
method, or a combination of these 
methods, governs these functions. 

Low-speed synchronous motors can 
be started by connecting them di- 
rectly to the line. In such cases the 
starting kilovolt-amperes are about 
the same as required for a high- 
speed synchronous motor started 
with 65 per cent of line voltage. This 
type of starter subjects the motor to 
fewer current peaks, for there is no 
peak due to transfer from starting 
voltage to running voltage. When 


conditions permit line voltage start- 
ing, the control equipment is simpli- 


Manually-operated controllers for 
direct-current motors. 


At the left is a Westinghouse drum 
controller in use on a shunt motor 


drivin 
is a 

controlling a d.c. compound motor on 
a lineshaft drive. Inasmuch as neither 
of these devices includes overload pro- 
tection, this is provided for in both 
cases by Urelite (Cutter Co.) enclosed 
circuit breakers shown mounted above 
and below the controllers, respectively. 


a conveyor belt. At the right 
estinghouse faceplate starter 


fied and the number of contactors or 
circuit breakers is reduced. 

The decision as to what type of 
synchronous motor control to use 
must be based on the frequency of 
starting and stopping of the motor, 
the type of men who will operate it, 
the motor speed and capacity, cost, 
and the character of the load that 
the motor will have to start. 

In the foregoing we have briefly 
treated the different types of alter- 
nating-current motor control with 


the exception of those used on single- 
phase motors. These will not be 
included in this article. Let us now 
consider the various types of direct- 
current controllers. , 

There are three common types of 
direct-current motors: namely, series, 
shunt, and compound wound, which 
differ from each other in the way 
that their fields are connected. The 
one requiring the simplest form of 
controller is the series motor. In 
this motor the armature and field are 
connected in series and all that is 
necessary for starting it, is to put 
resistance in series with the arma- 
ture and series field. This is most 
commonly done by à faceplate 
starter, or drum controller in the 
manual type, and by a contactor 
panel in the automatic type. Some 
forms of drum controllers have seg- 
ments revolving against fingers to 
make and break the circuit, while 
others have cam-operated contactors 
enclosed in a housing similar to the 
typical drum controller. The drum 
controller is commonly made for re- 
versing service but does not provide 
overload or no-voltage protection to 
the motor. These must be provided 
for by means of a separate protective 
panel. 

The faceplate starter is also used 
for series motors. In this type the 
segments are stationary and a re- 
volving arm makes contact with 
them. This type of control must 
have separate protective equipment 
provided. 

Automatic control for series mo- 


Across-the-line starter controlling 
a squirrel-cage motor driving a 
vertical turret lathe. 


This Clark Controller Co. starter is 
operated from a push-button switch lo- 
cated at the front ef the lathe, near 
the operator. 
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tors takes the form of panel- mounted 
magnetic contactors which connect 
and reverse the motor connections 
to the line as well as cut out steps 
of starting resistance. The closing 
of the resistance contactors is con- 
trolled by accelerating relays that 
are governed by the armature cur- 
rent or by time limit. 

In selecting the controller for the 
series motor, it is mainly a question 
of whether manual or automatic con- 
trol is required, which must be de- 
cided according to the advantages 
and limitations set forth at the be- 
ginning of this article. If the selec- 
tion must be made from among the 
three manual types, it must be based 
mostly upon space requirements and 
individual preferences. : 

The shunt motor has its field 
shunted across the line so that the 
field is independent of the load cur- 
rent. This permits accurate speed 
control and it is on account of this 
characteristic that the shunt motor 
finds special application. The same 
types of controllers as described may 
be used with it except that provision 
must be made for adjusting the field 
strength if adjustable speed is de- 
sired. In many cases this takes the 
form of a separately-mounted field 
rheostat. In other cases the field 
rheostat can be combined in and op- 
erated by the drum controller itself. 
When an independent field rheostat 
is used it is necessary to provide a 
field-strengthening relay so as to pre- 
vent starting the motor on a weak 
field which would cause excessive 
sparking and probably a flash-over 
on the motor commutator. All shunt 
motors also require a field-failure 
relay, so that if the shunt field cir- 
cuit opens, the motor will be discon- 
nected from the line; otherwise it 
will overspeed and run away. 
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Combination of Rowan primary re- 
sistance starter and Urelite en- 
closed circuit breaker. 


Here again the choice of the con- 
troller for a shunt motor simmers 
down to a choice between manual and 
automatic control. The manual type 
is mostly a matter of individual pref- 
erence. In general, however, the 
faceplate type is used for non- 
reversing motors in the smaller ca- 
pacities, while the drum type is used 
for reversing service and for the 
larger sizes. 

The compound wound motor is a 
combination of the shunt and series 
motors. It is ordinarily used for 
constant-speed service and for con- 
stant-speed drives that require con- 
siderable starting torque. The con- 
trol for it is similar to that of the 
shunt motor, except that provision is 
not ordinarily made for adjusting 
the field strength and hence a field- 
strengthening relay is not required. 
The same considerations govern the 
selection of the controller for this 


Here is an example of unusually 
good installation and housing of 
steel mill control. 


This is part of an installation of 40 
Cutler-Hammer inductive time-limit 
control panels. These panels are housed 
in a brick enclosure arranged on two 
floors, the upper floor being used for 
the resistors exclusively. Note in the 
left-hand illustration, the use of pot- 
heads on the conduits leading to the 
motors out in the mill. 
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motor as were mentioned for the 
other types of direct- current motors. 

Besides the controllers for direct- 
current motors that have been men- 
tioned, there are many special types. 
In the main these are automatic 
types and are intended for special 
applications such as cranes and 
hoists, printing presses, machine 
tools, coal and ore dock equipment, 
rubber mill equipment, steel mill ap- 
plications, paper manufacture, and 
the like. It is not within the prov- 
ince of this article to discuss such 
special types. 

Protective devices have been men- 
tioned throughout this article. A 
word or two more should be said, 
however. Besides the overload re- 
lays that have been discussed, circuit 
breakers and fuses are éxtensively 
used for overload protection. A very 
popular form of individual motor cir- 
cuit breaker is the enclosed circuit 
breaker that is opened and closed by 
levers located on the case. 

There is a temperature relay that 
may be attached directly to the motor 
and which, when the motor becomes 
excessively hot from overload or 
other reason, causes the motor to be 
disconnected from the load. We have 
already mentioned relays for protect- 
ing against no-voltage, field failure, 
and weak field. There are also re- 
lays for protection against over 
voltage, low voltage, phase reversal, 
single-phasing, overspeed and over- 
travel. 

Such in brief is the field of con- 
trollers for general-purpose motors. 
The main thing to remember is that 
the controller is one of the most flex- 
ible elements in the power drive. It 
can be made to take care of many of 
the shortcomings of the drive pro- 
vided consideration is given them at 
the time of selecting the control. 
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Industrial Applications 
of Speed Reducers 


together with a brief discussion of the various types 
of such units, how they are used, and the operating 
considerations involved in their selection 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


HERE individual drives are 
W used, it is often desirable to 

connect the motor as closely 
as possible to its load, particularly 
where it is not necessary to insert 
an elastic element in the drive to 
absorb vibration due to variable or 
shock loads. The development of the 
high-speed induction motor for in- 
dustrial use introduced driving 
speeds which are much higher than 
the operating speeds of the driven 
shafts on practically all machines ex- 
cept some woodworking equipment 
and other high-speed tools. Manu- 
facturers of machinery have not 
made a corresponding increase in the 
speed of their input or driven shafts. 
Where these machine drives had pre- 


viously required some reduction, 
even with a slow-speed motor, con- 
siderably more reduction is now 
necessary. The effort to meet the 
demand for a compact unit, which 
would give the higher reduction 
ratios required, has resulted in the 
increased development and applica- 
tion of speed reducers or speed 
transformers, as they are frequently 
called. 

In many cases, it had been the 
practice to use open gear trains or 
the open worm drive, often with cast 
or roughly cut teeth to obtain the 
necessary reduction. The higher 
speeds of the modern drive require 
better provision for lubrication and 
for keeping out dirt and dust, as well 
as more efficiently constructed and 
economically operated units for 
transforming the speed. 
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This shows two worm gear speed 
reducers driving conveyors in a 
brick plant. 


The reducer driving the cable conveyor 


at the left gives a speed reduction of 


25:1 and is connec to a 1,740-r.p.m., 
5-hp. motor. The worm reducer in the 
center of the illustration drives the 
conveyor at the right through a flexible 
coupling and long shaft. Horsburgh & 
Scott speed reducers are used here. 


In general, four different types of 
speed reduction units, using gears 
as a reducing medium, have been de- 
veloped. These are: (1) Worm gear 
reduction units. These consist of a 
driven worm or screw meshing in a 
worm wheel which it turns as rota- 
tion is imparted by the motor or 
other driving unit. (2) The com- 
pound or mill-type reducer, which is 
a series or train of plain or helical 
spur gears revolving on fixed centers 
and enclosed in a suitable housing. 
(3) The herringbone type, which is 
a modification of the spur-gear train, 
but uses double-helical or herring- 
bone gears. (4) The spur-gear type 
with secondary gearing mounted at 
120-deg. angles. 

This fourth type of speed reduc- 
tion equipment may be divided into 
three distinct groups and although 
the outward appearance is quite 
similar, each is different in its prin- 
ciple of operation, as is indicated by 
the accompanying sketch. These are: 
(a) The non-planetary type. This 
type of speed reduction unit employs 
a high-speed drive pinion meshing 
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with the three intermediate driven 
gears, which are journaled into the 
frame on fixed centers 120 deg. 
apart. These intermediate gears, in 
turn, mesh with and drive into a 
revolving internal ring gear, which 
is keyed through an integral web to 
the low-speed shaft. (b) The plain, 
spur gear type. This type of reduc- 
tion is an adaption of the compound 
or mill-type (see 2 above) reducer. 
The secondary or intermediate gears 
are placed at 120-deg. angles to equal- 
ize separation strains on the drive 
pinion journal, and to distribute 
bearing strains on the secondary gear 
journals. (c) The planetary spur 
gear type. The planetary principle 
of speed reduction, as applied to 
speed reduction units, employs a 
high-speed drive or “sun” pinion, 
which meshes with and drives three 
intermediate or “planet” gears that 
are mounted at 120-deg. angles on 
the side of a free-running disk. 
These planet gears also mesh with a 
stationary internal ring gear which 
is integral with, or keyed to, the 
housing. when a rotative motion is 
applied to the sun or drive pinion, 
this motion is in turn transmitted to 
the planet or intermediate gears. 
The planet gears are journaled on a 
free running disk and, meshing as 
they do with the stationary ring 
gear, cause a rotation of the disk at 
a greatly reduced speed. The disk is 
keyed to the low-speed shaft (when 
used in a single-stage reducer) and 
transmits this reduced velocity to the 
low-speed shaft, and then to the 
driven machine or to a further re- 
duction stage, when desired. 

All of these various types of speed 
reducers are in common use and all 
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are made with single and multiple 
stages of reduction. Each type has 
certain advantages, although all are 
widely used. 

Where the ordinary gear train is 
used it is generally built into the 
machine. Where the bearings are 
not mounted substantially, or where 
the gear is mounted in the center of 
a long shaft with bearings at the 
ends, there may be sufficient spring 
in the shaft under heavy loads to 
cause excessive wear on the gear 
teeth. Gear trains should be en- 
closed so that they can be lubricated. 
„Worm gears of the single-reduc- 
tion type give a right-angle, either 
horizontal or vertical, drive. This is 
of considerable importance in many 
cases for saving floor space, in that 
the motor can be placed alongside the 
machine instead of extending at 
right angles to the machine which 
it drives. This feature is noticeable 
in several of the illustrations in this 
article. 

The present-day worm gear re- 
ducer must not be confused with the 
old type of worm which often con- 
sisted of a cast or roughly cut gear 
driven by a worm cut from ordinary 
steel. Worm gear reducers have been 
greatly improved within the past few 
years, until today many of them have 
anti-friction bearings, especially on 
the worm shaft, and improved meth- 
ods of lubrication for both the gear- 
ing and the bearings. In practically 
all cases the worm operates in a bath 
of oil. 

Improved cut worms of special al- 
loy metals with modern bearings will 
operate at comparatively high speeds. 
The worm, naturally, has limitations 
on its efficiency in high reductions. 
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Ordinarily, worm reducers are not 
made in standard units to deliver 
much above 100 to 125 hp. in the 
larger sizes under the best operating 
conditions of speed and reduction ra- 
tios. Enclosed spur gear reducers 
of the planetary, non-planetary and 
spur gear types are straight-line 
units; that is, the shaft of the re- 
ducer unit is attached to the end of 
the motor shaft through a flexible 
coupling and the two shafts are in a 
straight line. Where angle drives 
are necessary, the driving shaft of 
these types of speed reducers carries 
an enclosed bevel gear which drives 
the shaft of the reducer. This bevel 
gear gives a 90-deg. turn in the shaft. 

In general reducers of all three 
gear types resemble a motor in ap- 
pearance but are slightly larger or 
smaller, according to the type, than 
a motor of corresponding horsepower. 
The gears operate in an oil bath and 
some types are provided with anti- 
friction bearings. 

Speed reducers are obtainable in 
standard units in a wide variety of 
reduction ratios. The manufacturer 
of these units makes standard shells 
or enclosing cases, each of which will 
take gears of fixed center distances. 
As it is possible to make gears with 
a larger number of ratios for each 
center distance, particular reduction 
ratios are obtainable by inserting va- 
rious gears which will fit on these 
center distances. For this reason the 
ratios, as may be seen by consulting 
the manufacturers’ catalogs, are in 
many instances, in decimal ratios. 
Thus, one manufacturer gives the 
ratio of a particular size of reducer 
as 10.285: 1 or 9.643: 1, instead of an 
even 10:1 ratio. However, many 
even ratios, and a 10: 1 ratio in other 
sizes, are obtainable. 

Different types of units have dif- 
ferent standard maximum and min- 
imum reduction ratios. However, 
manufacturers of the same type of 
equipment may supply units in dif- 
ferent ratios so that the following 
statements on reduction ratios must 
be quite general. Examination of 
various manufacturers’ catalogs in- 
dicates that standard reduction units 
are available in ratios approximately 
as follows: Herringbone reduction 
units: 14:1 to 10:1, single reduc- 
tion; 10: 1 to 50: 1, double reduction; 
and, 50: 1 to 250: 1, triple reduction. 


Speed is increased on this sugar 
pulverizer by connecting the motor 
to what would ordinarily be the 
low-speed shaft of this De Laval 
helical gear speed transformer. 
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Industrial Applications of Speed Reducers 


How Different Types of Equibment Are Used in Ten Plants 


A—Boring mill driven by a Cleveland 54:1 
worm gear from a 15-hp., 1,740-r.p.m. motor. 

B—This James planetary reducer drives a con- 
veyor through additional gear reduction. 

C—Here a Winfield H. Smith worm gear re- 
ducer is used in combination with a chain 
for driving a conveyor belt. 

D—A group of grinders individually driven 
through De Laval worm reduction gears. 

E—Falk herringbone reduction gear and motor 
mounted for driving grain elevator head. 

F—Combination of Foote worm gear reducers 
and roller chain drive connected to proofers 
and flour conveyors in a bakery. 

G—This shows the method of connecting a 
Boston worm gear reducer through chains 
and an additional gear reduction. 

H—In this case a Lewellen variable-speed 
transmission is connected in between the 
motor and the Foote worm reducer in the 
operation of a pan conveyor in a bakery. 

I—This Jones gear reducer is direct connected 
through gearing to drive a cement kiln. 

J—Here the worm on a De Laval reducer is 
placed above the worm gear. This 174: 1 
reducer is connected to a 25-hp., 860-r.p.m. 
motor and drives a cement elevator. 

K—A severe type of service for worm gear re- 
ducers is caused by an overhung drive, as in 
connection with this Horsburgh & Scott re- 
ducer belted to a mold-washing machine in 
a brick plant. 


x 
- 


October,1926 


Worm reducers: 7:1 with maximum 
depending upon output and decreas- 
ing with increased rating. Double- 
reduction worm units give reductions 
of 100: 1 and up. Planetary: 4: 1 to 
200: 1. Plain spur gear type: 3:1 
to 200: 1. Non-planetary: 4:1 to 
100: 1 and up in multiple reduction. 
It should not be assumed, however, 
that all of these reduction ratios are 
available in all capacities. The max- 
imum ratings vary somewhat with 
the reducers made by the different 
manufacturers, and to a larger ex- 
tent than do the minimum ratios. 
Special units, of course, can be built 
for other reductions. The manufac- 
turer should be consulted on any spe- 
cial reduction problem and it is 
advisable to give him all the infor- 
mation possible regarding any par- 
ticular installation, especially as to 
the service conditions, the horse- 
power to be delivered, the input and 
output speeds, and the type and 
horsepower of the drive and the ma- 
chine driven. 


Worm GEAR SPEED REDUCERS USED 
FOR HIGH REDUCTIONS 


Higher reductions are usually ob- 
tained by combinations of worm and 
gear reducers, and there is prac- 
tically no limit to the reductions ob- 
tainable in this way. Reductions up 
to 50,000: 1 can be obtained through 
standard gear units, according to one 
manufacturer, and probably higher 
reductions could be obtained through 
the use of a double-reduction worm 
gear. 

Herringbone reduction units alone 
are built for heavy power transmis- 
sion. These units are made in capac- 
ities of several thousand horsepower. 
Other types of gear reducers ordi- 
narily are seldom made much above 
100 hp., although some units are 
made as standard equipment up to 
250 hp. There is considerable con- 
troversy among industrial operating 
men regarding the relative merits of 
herringbone units and other gear re- 
duction units within the field of both, 
from 50 to 75 hp. and up. Herring- 
bone and helical gear reduction 
units are totally enclosed and the 
gears operate in an oil bath. 


EXTENT OF INDUSTRIAL APPLICA- 
TIONS OF SPEED REDUCERS 


Speed reducers are used in prac- 
tically every line of work where it 
is desired to reduce the speed from 
the driving unit to the driven unit 
in a fixed ratio. Probably the great- 
est demand for these units exists in 


These Jones spur gear and hori- 
zontal worm gear reducers drive a 
conveyor on the ceiling of the floor 
below. ö 


the cement industry where a large 
portion of the machines are operated 
at comparatively low speeds. Here 
the dust is such an important factor 
that practically any type of open 
metallic drive would be worn out very 
quickly. As all of these modern types 
of reducers are totally enclosed, the 
dust does not affect them. Also, un- 
der dusty surroundings reducers are 


C Planetary Type 


This shows the arrangement of 
gears in each of the three types of 
gear reducers. 


In all types the gears are enclosed in 
a circular case and mounted 120 deg. 


apart. The relation of the gears and 
their operation are different in each 
type. hese types are: A. non-plane- 


tary type, B, oe. spur gear type and 
C, planetary ty Each type is de- 
scribed in etali i in the accompanying 
ext. 


article. 
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frequently subject to neglect, but as 
practically all makes carry special 
provisions for lubrication, particu- 
larly on the gears, they require only 
infrequent attention. 

Other important fields for speed 
reducers are in rubber plants, for 
the operation of the rolls, calenders 
and much of the other low-speed 
equipment. In chemical works, speed 
reducers are used in the operation 
of agitators, mixers, conveyors, 
grinding and rolling mills, and other 
equipment. Textile mills, coal mines, 
ceramic and brick plants, and steam 
power plants for operating auxiliary 
apparatus such as coal crushers, con- 
veyors, stokers, and so on, also offer 
important fields for the use of speed 
reducers. 


NEARLY ALL CONVEYORS REQUIRE 
SPEED REDUCERS 


In addition, a large number of 
other industries use reducers to a 
certain extent. For example, prac- 
tically every industry has use for 
conveyors which, if operated at very 
low speeds, frequently use a speed 
reducer of either the worm or gear 
type, or a combination of these. The 
assembly conveyor lines in auto- 
mobile plants, for example, are gen- 
erally driven by a motor through a 
gear speed reducer, a worm reducer 
and a variable-speed transmission. 
This not only gives the low-speed 
travel of the conveyor chain but also 
permits varying the speed to take 
care of increases or decreases in pro- 
duction demands. 

An interesting application of a 
worm speed reducer is shown in the 
illustration at the beginning of this 
This is a Horsburgh & Scott 
series 1400, Type WB worm gear 
speed reducer driving a cable con- 
veyor for loading brick pallets. This 
conveyor is driven by a 1,740-r.p.m., 
5-hp. motor and the speed reduction 
is 25:1. The small floor space neces- 
sary and the generally compact ar- 
rangement are well shown in this 
illustration. Additional reduction is 
given to the cable conveyor through 
a link chain. Another worm speed 
reducer is shown in the center of this 
same picture. On this drive it was 
necessary to mount the reducer on a 
cement pedestal a considerable dis- 
tance from the conveyor (at the 
right) which it drives through the 
single flexible coupling and shaft 
extending entirely across the track. 

An interesting installation of a 
straight-line drive spur gear reducer 
is shown at the bottom of page 480. 
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This is a Type 4CA, 15:1 ratio, Al- 
baugh-Dover, spur gear speed re- 
ducer operating at an input speed of 
1,200 r.p.m. from a 40-hp. motor. In 
the illustration, the motor (at the 
right) is shown covered by a sheet- 
metal helmet to protect it against 
moisture. This reducer is driving a 
16-in. spiral conveyor 70 ft. long in 
a mill producing special ground 
feeds. The conveyor is fed by 13 
presses and operates continuously 
the year around. Should any units 
in the drive fail for even a short 
period of time it would mean the 
stoppage of the entire plant. This 
unit is equipped with alloy steel gears 
mounted on 10 heavy-duty self-lubri- 
cating roller bearings. 

Where it is desired to employ an 
angular drive, angular gear reducers 
are used, as shown on the top of 
page 481. This is a Ganschow plane- 
tary reducer unit driving conveyor 
heads in a cement mill. In this case 
a straight-line drive would have ex- 
tended the motor into the aisle and 
the angular drive saved considerable 
floor space. The angle may be 
changed so that the reduction drive 
is vertical and either up or down. 


SPEED REDUCERS CAN BE USED FOR 
STEPPING UP SPEED 


In some cases reversed connections 
are made to the speed reducer and it 
is used for stepping-up speeds. An 
example of that is shown in connec- 
tion with the sugar pulverizer illus- 
trated on page 477. This is a 
De Laval single-stage helical gear 
reducer connected in with flexible 
couplings on each side of the speed 
transformer. 

Considerable care must always 


A Foote non-planetary gear speed 
reducer helps to fill and pull these 
annealing ovens by driving a rack 
in the transfer table. 
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11 
The Falk herringbone speed re- 
ducer in the foreground drives the 
conveyor on an automatie sorter in 


a large lumber mill. 
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be exercised in using speed trans- 
formers for stepping up speed to see 
that the ratio is not too high, be- 
cause the operation of stepping up 
speed with a transformer is very 
much like trying to lift a weight 
with the short end of a lever. Also, 
obviously, as the reduction increases 
the torque would necessarily de- 
crease. This is the reverse of the 
condition when stepping down speed3 
in that the torque increases as the 
speed decreases. 

An interesting combination of 
speed reducer units is shown in the 
illustration on page 479 of the Jones 
reducers in an automobile plant. 


This shows a Jones No. 12, double- 
type, style 1 spur gear speed reducer 
with a 56:1 ratio connected to a 
Jones No. 14 horizontal worm gear 
speed reducer with a 35:1 reduction 
ratio driving a conveyor on the floor 
below. This unit is driven by an 
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1,800-r.p.m., 1-hp., induction motor. 

The left-hand illustration below 
shows the use of a Foote non- 
planetary speed reducer which drives 
a rack on a transfer table for 
loading and unloading or pulling an- 
nealing furnaces. The single trans- 
fer table serves both furnaces. 

A number of other installations 
are shown in other illustrations in 
this article and in the special page 
of photographs on page 478. A de- 
scription of each accompanies the 
illustration. 


OPERATING CONDITIONS TO CONSIDER 
WHEN USING SPEED REDUCERS 


It is always advisable to use a flex- 
ible coupling in connecting the mo- 
tor to the speed reducer, because 
of the difficulty in maintaining per- 
fect alignment. Also, the unit should 
be mounted on a substantial foun- 
dation. 

Practically all manufacturers of 
reducer units will supply cast-iron 
foundation plates or bases on which 
the motor and its reducer may be 
mounted. ‘It is advisable to mount 
this base on a substantial concrete 
foundation. 

One point which is frequently 
overlooked by users is that in select- 
ing a speed reducer for any particu- 
lar service, careful consideration 
should be given to the power output 
of the reducer or, in other words, to 
the power required to drive the 
machine. 

However, many users consider 
it necessary merely to specify the 
reducer unit from the standpoint of 
the horsepower and speed of the 
motor drive and reduction ratio only. 


Here a spiral conveyor, 70 ft. long, 
is driven by a 1,200-r.p.m., 40-hp. 
motor through a 15:1 ratio Al- 
baugh-Dover spur gear speed re- 
ducer. 
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Although gear reducers are usu- 
ally straight-line transmissions, 
this Ganschow planetary reducer 
connected to conveyor heads is a 


right-angle drive. This change in 
direction is obtained by means of 
bevel gears in the reducer. 
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Also, users should remember that 
the type of service and the operating 
conditions have a great deal to do 
with determining the proper size of 
drive, the same as with any other 
mechanical unit employed in power 
transmission. Severe operating con- 
ditions necessitate giving special 
attention to the use of service fac- 
tors in selecting a unit of the proper 
rating. 

It would be well worth while for 
users to take advantage of the oppor- 
tunities of consulting with the manu- 
facturers of the reduction units re- 
garding an installation, rather than 
try to order from the catalog. 

Quality of manufacture is also a 
very important point in speed trans- 
formers. This becomes more impor- 
tant with the severe service condi- 
tions and increased power and speed 
that are the order of the day. For 
that matter, quality is a point to be 
given very careful consideration in 
connection with any equipment. 

Epitor’s Note: Acknowledgment is 
made to the following companies for in- 
formation and photographs used in this 
article: Albaugh-Dover Mfg. Co., Chi- 
cago. III.; Boston Gear Works Sales 
Co., Norfolk Downs, Mass.; Cleveland 
Worm & Gear Co., Cleveland, Ohio; De 
Laval Steam Turbine Co., Trenton, 
N. J.; Falk Corp., Milwaukee, Wis.; 
Fawcus Machine Co., Pittsburgh, Pa.; 
Foote Bros. Gear & Machine Co., Chi- 
cago, III.; Wm. Ganschow Co., Chicago, 
III.; Horsburgh & Scott Co., Cleveland, 
Ohio; D. O. James Mfg. Co., Chicago, 
III.; W. A. Jones Foundry & Machine 
Co., Chicago, III.; R. D. Nuttall Co., 
Pittsburgh, Pa.; Winfield H. Smith Co., 
Springville, N. Y. 


Reducing Friction 


Losses 


(Continued from page 463) 

or roller chains, and on some silent 
chains. As a matter of safety to 
the workmen, as well as protection 
to the chain, it is always well to have 
chain drives enclosed. More detailed 
information on the selection, applica- 
tion, and lubrication of chain drives 
will be found in articles which ap- 
peared in the July and September, 
1923, and the March, 1925, issues of 
INDUSTRIAL ENGINEER, and on page 
456 of this issue. 

There has been a general tendency 
during the past few years to use 
higher lineshaft speeds. For one 
thing, this permits the use of high- 
speed motors, which are more effi- 
cient and less costly than low-speed 
motors. Operating lineshafts at 
higher speeds than were formerly 
used does not require so great a re- 
duction in speed between the motor 
and the lineshaft. Consequently, 
better pulley ratios can be employed. 
In some recent installations in which 
high lineshaft speed is either desir- 
able, or at least not objectionable, 
short lineshafts have been coupled 
directly to the driving motor, which 
turns at 1,200 or 900 r.pm. This 
method of driving a shaft makes it 
possible to eliminate at least one belt 
and reduces correspondingly the 
friction on both motor and lineshaft 
bearings. 

In some other installations in 
which it was not feasible to drive 
the lineshaft at the speed of the 
motor, a speed reducer has been used 
between the motor and the lineshaft. 
In this way the advantages of a 
direct drive are obtained. 
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_ Precautions to Be 
Followed in Welding Cans, 
Barrels or Tanks 


EPAIRING, adding fittings or 
altering metal tanks, barrels, or 
drums, requires the taking of special 
safety precautions. A large propor- 
tion of these containers have been 
used to hold oil or other liquids 
which, under the action of the weld- 
ing heat, may catch fire, or even 
explode. 

Two precautions should always be 
taken in all cases, according to 
recommendations of The Linde Air 
Products Co., New Vork City: The 
container should be thoroughly 
cleaned and also vented to prevent 
the accumulation of gases under 
pressure due to the heat of the weld- 
ing. It is well to make it a rule to 
clean every container before welding, 
regardless of what the operator 
thinks that it may have formerly 
contained. 

Live steam will effectively remove 
traces of oils or liquids, such as 
gasoline and so on; scrubbing with 
a lye solution will take out oily ma- 
terials. There are also a number of 
special cleaning preparations which 
may be used. One of the easiest and 
safest ways of protecting the oper- 
ator is to flush the container thor- 
oughly with water, then to turn it 
so that the damaged section is upper- 
most, and fill it with water nearly 
up to the defect. The unfilled sec- 
tion of the container should be 
vented, however. The welding can 
then be carried on with the least 
possible open space inside. 

This precaution applies not only to 
welding, but to other repairs. Even 
a blow from a hammer may strike 
a spark or friction may generate 
enough static electricity to cause an 
explosion if inflammable vapor is 
present. 

Handhole or other fittings should 
always be opened before beginning 
the cutting or welding operation, as 
these openings provide means for 
the release of heated air. It ig 
safest to take every possible precau- 
tion to prevent air or gas pressure 
from building up inside tanks or 
barrels when the flame is applied to 
the metal. It is not safe to take 
the chance that no liquid which may 
cause gaseous vapor has got into 
containers unsuspectedly. It takes 
time to fill a tank with water, but 
not nearly so much time as some 
men in a hurry have spent in a 
hospital. 
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Progress made in 


Lubricating Power Drives 
in Industrial Plants 


through the development of better lubricants and 
improved methods of application that have been 
necessary to meet changed operating conditions 


NE of the most outstanding 
() features indicated in the com- 
bined progress of lubrication 

and mechanical developments during 
the past few years is the demand in 
many classes of industry for higher 
speeds. Highly- developed competi- 
tion, characteristic of modern indus- 
try, is responsible for the necessity 
for greater production with a mini- 
mum of increase in operating ex- 
pense. Without increasing the cost 
of equipment or the overhead expense 
involved in larger equipment, the 
speeding up of machinery constitutes 
one means of increasing production. 
This tendency is evidenced not 
only by the improved design of new 
machinery being built and installed, 


EDITOR’s NOTE: The information on 
which this article was based was fur- 
nished by the Technical Department 
of the Vacuum Oil Co., New York, N. Y. 


but also by the rehabilitation and 
improvement of old machinery to 
meet the requirements of modern 
industry. Equipment that was built 
for the conditions of a more leisurely 
production period is constantly being 
operated at approximately the speed 
of newer types of similar equipment. 

This change has been met both 
by a recognition on the part of the 
designers of equipment and by in- 
creased attention to the improvement 
of conditions on machinery already 
in service. Speeding up of equip- 
ment depends primarily upon the 
efficiency of lubrication of the bear- 
ings, gears and other parts of the 
machine, because it is upon the 
proper functioning of these that the 
strain of extra production falls. 

A machine, for example a paper 
machine, may operate at a speed of 
800 f.p.m., for which speed the bear- 
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When bearing pressures are high, 
a reliable and efficient method of 
lubrication must be used. 


In this pa mill installation, use is 
made of a forced-circulation lubricatin 


bearings, cooled, filte 
and returned to the bearings. In this 
instance the chain drive between the 
motor and the machine is enclosed and 
operates in a bath of oil. The chain is 
thus 5 and thorough lubrication 
assured. 


ings and other parts have been cor- 
rectly designed. Conditions may de- 
mand that the paper machine produce 
at the rate of 1,000 ft. of paper per 
minute, or even more. This would 
require the introduction of an addi- 
tional factor of safety to make up 
for the burden of the overload im- 
posed by the higher speed. 

Parts of machines first affected by 
any increase in speed are naturally 
the bearings, gears and other fric- 
tional surfaces. These must move at 
a more rapid rate and more heat will 
be generated by the higher rate of 
motion. Therefore, some means 
must be introduced to provide better 
lubrication, a more efficient lubricant, 
and to insure its application regu- 
larly and positively, in order to offset 
the increased speed. These changed 
conditions demand alterations in de- 
sign, or in the details of design, so 
that the proper lubricant may be 
used in an efficient manner. 

The interest and attention of 
scientists and engineers has been 
directed to the behavior of oil and 
oil films under various conditions. 
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Recent papers and books upon the 
subject show the keen appreciation of 
the value of, and the necessity for, 
mechanical conditions that will pro- 
mote the efficient use of lubricating 
oils. Widely theoretical as some of 
these have been they, nevertheless, 
have exerted an influence upon the 
practical application of oil. 

In the early days of machine de- 
sign and operation, little thought was 
given to caring for the needs of the 
moving parts. It was recognized 
that some form of medium must be 
introduced between the frictional 
surfaces so that the parts could move 
one on another. The crude designs 
and slow speeds of operation did not 
make very serious demands upon the 
lubricant, and grease or tallow was 
commonly used. 

Grease, although it performed its 
function in the older, cruder types 
of machine, did not perform its func- 
tion with the efficiency of a fluid 
lubricant. Although metal-to-metal 
contact was avoided to a certain ex- 
tent, the factor of efficiency of the 
lubricant itself had still to be con- 
sidered, particularly as speeds were 
increased. Power consumption be- 
came a factor, as well as facility of 
oil application and freedom from 
wear. 

It became apparent to engineers 
studying lubrication that fluid fric- 
tion in an oil, especially in the lighter 
oils for bearing service, was con- 
siderably less than that of grease. 
Lubrication failures, due to the use 
of grease and unsuitable oils ineffi- 
ciently applied, often made it impos- 
sible to keep the machines up to their 
normal speeds. Improvements in 
operation were obtained by better 
lubrication methods and by the em- 
ployment of the most suitable oils. 
This improvement was evidenced 
both in terms of lower power con- 
sumption and reduced wear. Thus 
oils superseded greases as lubricants, 
bringing in their wake, changes in 
the design of bearings and lubricat- 
ing appliances. 

There has been a stepping up all 
along the line in matters pertaining 
to lubrication. Hand-oiled bearings 
are rapidly giving way to drop-feed 
cups, wick-feed cups and other semi- 
automatic appliances. Also, bearings 
formerly equipped with such cups 
and semi-automatic lubricating de- 
vices are being equipped with splash 
or circulation systems. 

These advances in methods of ap- 
plication have been accompanied by 
a corresponding advance in the man- 
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The bearings of this punch press 
are lubricated by a mechanical 
force-feed lubricator. 

Imasmuch as there is little wastage, 
high-grade oils may be used eco-: 
nomically by the use of devices of 
this character, which feed the lubricant 
positively. 


ufacture of lubricating oils. Even 
oils for lineshafting cannot be used 
broadly if the best results are to be 
obtained. The distinction in oils due 
to body, general characteristics, and 
methods of refining, make one oil 
more suitable for certain purposes 
than other oils. 

The theory of “floating” a shaft on 
an oil film, while not new, is basically 
the idea of the whole modern prac- 
tice of lubrication. The trend of 
developments during the past few 
years has been to emphasize the need 
for oils that will cover each specific 
condition of frictional contact and 
provide that oil film in the most eco- 


This shows an application of the 
wick-feed principle to the bearings 
of a calender stack in a paper mill. 
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nomical manner. Lubrication has 
become, instead of being an isolated 
factor in the maintenance and oper- 
ation of a plant or mill, a factor 
affecting every branch of industry 
in terms of production. There has 
been a recognition on the part of 
manufacturers and designers of ma- 
chinery that no machine can run 
efficiently or effectively and maintain 
its proper operating condition with- 
out due provision for the use and 
application of the proper lubricant. 

This general increase in the knowl- 
edge of the principles of correct 
lubrication, due to the publication of 
treatises by lubrication experts, en- 
gineers, and scientific writers, has 
been of invaluable assistance in the 
improvement of lubrication prac- 
tices. The theory of lubrication is 
taught in colleges and universities of 
standing, where, only a few years 
ago, little or nothing was known of 
the subject. Today the technical 
graduate leaves school with at least 
a working knowledge of the basic 
principles of lubrication. 

Lubrication practice has improved 
immeasurably. The idea that lubri- 
cating oils, no matter how high grade 
the product, are far cheaper than 
repair parts, renewals, and power 
costs, has taken root extensively, 
with the result that there is a 
demand on the part of the consumers 
for high-grade products, where only 
a few years ago it was impossible to 
interest the users of the same class 
of equipment in anything but the 
cheapest grade of oil. A number of 
‘low-grade oil” users have come over 
into the class of “high-grade oil” 
users within the past two or three 


years, and others are on the way. 


The human element, which for- 
merly predominated in matters of 
lubrication, is gradually being elim- 
inated. The uncertainty and the lack 
of care, the periodic application such 
as was inherent with hand-oiling 
methods, and the existence of iso- 
lated points of application, are today 
being supplanted in many important 
classes of machines by automatic 
devices which deliver the oil con- 
tinuously and in positive, controlled 
quantities, thus providing constant 
and controlled application. 

These systems gave rise to a new 
set of oils to meet the requirements 
of the new conditions and of new 
methods of treating the oil while in 
service. The circulation system, 
which was necessary to the operation 
of the steam turbine at high speeds, 
is fast finding favor in other indus- 
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tries, not only for bearings but for 
gears. Machine tools, paper ma- 
chines, steel mill machinery, reduc- 
tion gear sets, and so on, may be 
listed among the groups that have 
been converted to the use of circulat- 
ing systems for lubrication. Splash 
lubrication has come into general use 
on several classes of machinery to 
which it is adapted. This has also 
created a demand for superior grades 
of oil. 

Other modern systems of lubrica- 
tion are advancing the cause of 
economical lubrication. Mechanical 
force feed lubrication forms a posi- 
tive means of introducing high-grade 
lubricants in an economical way, as 
is necessary with the use of high- 
grade oils. The cost of the lubrica- 
tor, which was a stumbling block to 
many users of machinery, has proven 
to be a small investment compared to 
the benefits derived from improved 
lubrication and the economical use of 
high-grade lubricants. 

The modern tendency is to use 
automatic lubricating systems wher- 
ever possible and to demand the 
use of the highest grade lubricants 
obtainable in such systems. 

The most pronounced advance in 
the science of lubrication has been 
the recognition on the part of manu- 
facturers and users of mechanical 
equipment, of the fact that any im- 
provement in the means of applying 
lubricants, or in the efficient distribu- 
tion of the oil in the bearing or 
cylinder or between the gear teeth, 
or the more careful selection of the 
oil to insure the use of the most suit- 
able lubricant for the conditions, will 
improve the running of the machine, 
prolong its period of usefulness, and 
ultimately result in economy. This 
is indeed no small step in assuring 
to the science of lubrication its 
proper place in the industrial world. 

The actual performance of correct 
lubricants, ‘when properly applied, 
and the tangible results obtained 
thereby have been instrumental in 
bringing about the change in atti- 
tude toward the lubrication problem. 
A few cases where the performance 
of lubricants has been recorded will 
serve to show the importance of im- 
proved lubrication and will demon- 
strate that a great economic gain is 
possible by the study and application 
of scientific methods to every phase 
of machine operation. 

One of the economies of modern 
lubrication is obtained by long serv- 
ice of the lubricant. In systems 
where the oil is used over and over, 
it is important that the oil be of such 
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a nature that it will withstand the 
high temperatures, continuous use, 
contamination from outside sources, 
and deterioration due to chemical 
action. 

Circulation and splash systems, 
both of which use oil in quantities, 
cannot prove to be an economy, as 
far as oil consumption is concerned, 
unless oils that will give long serv- 
ice are used. Although there are 
many applications of these systems 
of lubrication, the steam turbine 
offers an excellent example of severe, 
continuous service. Many cases 
have been noted where excellent serv- 
ice has been rendered in such 
systems, as, for example, in the case 
of a 3, 200-kw. steam turbine which 
ran for two years on a single charge 
of oil. This turbine was practically 
in continuous operation during the 
entire period. During that period 40 
gal. of “make-up” oil were used or 
an average of 20 gal. per year. Sub- 
sequent to the removal of the oil 
from the system, its condition was 
considered to be sufficiently good to 
warrant its use about the plant for 
other less important lubrication 
work. 

In any unit where a quantity of oil 
is required for each charge of oil, 
the probable length of the life of the 
lubricant must be carefully con- 
sidered. Also, in small splash or 


Here is a successful application of 
a wick-feed box with multiple feed 
to the bearings of a wood working 
machine. 


The rate of feed of the lubricant is 
controlled in this case by varying the 
amount of wicking in the top of each 
feed pipe. With these boxes it is pos- 
sible to stop the feed to all bearings 
by throwing a single lever. 
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circulating systems long life is a 
factor both from the standpoint of 
the cost of the oil, as well as from 
the cost of the labor involved in 
draining, cleaning and replacing 
the oil. 

Oil consumption is another item of 
lubrication that is capable of reduc- 
tion. In one case, by way of illustra- 
tion, a band saw employed for cut- 
ting cork was using oil at the rate of 
1 gal. a day, which apparently was 
not too much. However, the use of 
the right oil applied at a rate of feed 
that was sufficient to supply the re- 
quirements of the machine, reduced 
the oil consumption to 2 qt. per day, 
thus effecting a saving of 50 per cent 
of the original amount. Such 
savings effected on the machines 
throughout a whole plant have been 
made with the controlled application 
of oils of high lubricating value. 
When considered on a yearly basis in 
terms of dollars and cents, this 
saving considerably reduces the 
operating cost of the plant. 

Another saving along the same line 
is to be found in the case of a group 
of 15, 1-ton electric mine locomo- 
tives. Each of these units was using 
1 qt. of oil every five days. This was 
reduced to 1 pt. of oil each per five- 
day period. 

The fact that these economies in 
the cost of the lubricant and other 
economies in the form of reduced 
repair costs can be made at the same 
time, deserves careful attention. A 
reduction in oil consumption, accom- 
panied by increased cost of repairs 
and renewals of parts would be poor 
business. However, the reduction of 
oil consumption while mechanical 
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conditions are maintained or im- 
proved, is to be desired at all times. 

In one plant making a well-known 
product, the mill foreman estimates 
that there has been a reduction of 
50 per cent in the number of bearing 
renewals during the 6-mo. period 
subsequent to the installation of 
improved lubrication. Simultane- 
ously, there was a reduction in the 
cost of lubricants from $1,700 to 
51,350 and a further reduction in 
the cost of labor for applying them. 
The savings given in this last 
example do not take into considera- 
tion the increased production due to 
the operation of the machines with- 
out shutdowns for repairs. 

Another instance of a similar 
nature occurred in a woodworking 
plant operating eight stickers. Here 
an average of one sticker bearing 
had to be replaced every week at a 
cost of $15. Subsequent to an 
analysis of the conditions and the ap- 
plication of suitable oil, it was found 
that it was necessary to replace a 
bearing only every 8 mo. which 
effected an annual saving of $690. 
The superintendent is authority for 
the statement that hot bearings are 
unknown in his plant now. 

Such figures taken from actual ex- 
periences in the industrial world 
must be accepted as the most con- 
vincing evidence of the efficacy of 
lubrication when applied according 
to the best practice. That proper in- 
dustrial lubrication is a “tremendous 
trifle” is obvious from a considera- 
tion of the previous instances. 

Power consumption, while not a 
salient factor in the operation of 
every machine, represents an item of 
expense to the plant or factory 
whether the power is generated in 
the plant from fuel of one kind or 
another, or whether it is power pur- 
chased in the form of steam or elec- 
tricity. 

Two causes of excessive power con- 
sumption are inadequate lubrication 
or the lack of effective lubrication. 
The first of these results from the 
failure or inability of the oil to 
supply and maintain a complete oil 
film. This results in friction of the 
metal surfaces, which in turn causes 
wear of the surfaces, as well as in- 
creased power consumption. There- 
fore, any improvement in the lubri- 
cation from the standpoint of reduc- 
tion of wear is likely to result in a 
reduced power consumption. 

The other cause of excessive power 
consumption is the result of using an 
oil which, although it may protect 
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the surfaces from wear, is too heavy 
from the standpoint of oil drag.” 
Considerable power may be con- 
sumed in the work of overcoming 
friction in the oil itself. Correct 
lubrication provides for the preven- 
tion of metal-to-metal contact, and at 


One type of positive pressure oiling 
system for a worm gear speed 
reducer. 

The splash system, wherein the worm 


dips into the lubricant and the oil 
thrown off from the gear is allowed 
to find its way down the sides of the 
case to the bearings, is generally used 
on speed reducers of this type that 
are designed for ordinary operating 
conditions. However, in the case of 
large-capacity units, or where the 
speed is high, the splash system may 
not be satisfactory. The illustration 
shows the method used in the De 
Laval worm reduction gear to supply 
the bearings with oil under pressure. 
As will be seen, the ofl is drawn 
through a strainer located some dis- 
tance above the bottom of the oll 
reservoir, by a pump which delivers it 
through passages in the casing to 
spray nozzles located on both sides of 
the worm, and also to all bearings. 


— $$$ 
the same time insures the least fric- 
tion loss which would result from 
the use of an oil heavier than neces- 
sary. For example, in a paper mill 
a reduction in the cost of lubricating 
oils was accompanied by a reduction 
of 168 per cent in power cost, in spite 
of an increase in production in the 
plant during the same period. 

Direct power savings are most 
noticeable in the case of prime 
movers, such as steam engines. In 
the lubrication of cylinders, the pis- 
ton sealing effect of the oil is to be 
obtained in addition to the factors 
affecting power economy just men- 
tioned. A change of lubricating oil 
in one plant reduced the fuel oil con- 
sumption for power generation from 
2,100 gal. per day to 1,700 gal. per 
day, thus showing that the theory of 
correct lubrication works out in prac- 
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tice in no unmistakable terms. The 
chief engineer of the mill in question 
confirms these figures. 

Labor is a big item of expense in 
the operation of most industrial 
plants. Any saving in this respect 
is a clear profit. That lubrication, in 
the modern sense of the word, and 
lubricating devices which are de- 
signed to reduce the care and atten- 
tion necessary with hand-oiled ma- 
chinery have contributed to the re- 
duction in the expense of plant and 
mill operation, is amply demon- 
strated by actual figures. 

Savings in the cost of the applica- 
tion of oil to bearings are shown in 
the following example. A tool manu- 
facturer applied inexpensive auto- 
matic devices to the overhead shaft 
bearings and found that one filling of 
these devices would last three weeks. 
However, the devices are filled every 
two weeks at a total cost for the year 
of about $37. Previously, the bear- 
ings were oiled by hand daily. This 
operation required 3 hr., at a cost of 
approximately $1.50 per day or a 
total cost of $9 per week. Calculat- 
ing this on a yearly basis shows that 
it cost $450 to hand-oil the same 
bearings that are now being lubri- 
cated regularly and continuously at 
a cost of approximately $37 over the 
same period. 

The application of the lubricant 
is not the only labor expense in- 
volved. Other labor savings, directly 
traceable to the scientific application 
of oil, are evident in other phases of 
plant operation. The following is an 
example of a saving in labor attrib- 
utable to better lubrication, which 
resulted from the elimination of the 
necessity for cleaning compressor 
valves. The excellent condition of 
the valves is a direct result of the 
right use of a suitable lubricant. In 
the plant referred tv, tne valves in 
the cylinders of three gas compres- 
sors had to be cleaned monthly, rep- 
resenting an expense for labor of 
about $40 per cylinder. During the 
first 6 mo. after a better lubricant 
was adopted, the valves were cleaned 
only once, thereby effecting a saving 
of approximately $200 per cylinder, 
or $1,200 for the whole plant. The 
slight amount of deposit found on 
the valves at the end of six months 
was easily removed with kerosene, 
whereas with the oil previously in 
service, the hard carbon deposits 
caused considerable breakage of 
valves. 

In another plant, a paper mill, the 
work of six men was required for one 
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day each week to clean the oil from 
floors and machines, due to the over- 
application of oil. With improved 
lubrication, six men spend one day 
every fourth week cleaning up oil. 
This represents a payroll saving of 
18 man-days per month which 
amounts (in this particular mill) to 
$72 per month. 

Labor savings may also be traced 
to other places in the plant or mill as 
a result of the care and attention to 
the selection of the right oils and 
their application by modern methods. 

These instances of the bettered 
conditions that have resulted from 
improved lubrication amply bear out 
the statements made in the earlier 
part of this article. They offer a 
concrete reason why so much inter- 
est and enthusiasm have been 
aroused during the past few years in 
the study of lubrication problems and 
the development of lubricating oils 
of the right characteristics to meet 
the conditions of service encountered 
today. 

When the user of oil is assured of 
long service of the oil he puts in his 
system, that is, economy by reason 
of the better lubricating value of the 
oil; when he is assured of reduced 
repair costs in terms of dollars and 
cents — something that actually 
shows on his books and about which 
there is no guesswork or theorizing; 
when he sees his cost of power con- 
sumption decrease or his bill for fuel 
reduced appreciably; when he finds 
that some of the men whom he had 
employed about the plant for the ap- 
plication of oil, or for cleaning his 
machinery or his floors about the 
machines, may be released to per- 
form some really productive work 
about the plant, he is then convinced 
that modern lubrication is an accom- 
plishment of real importance to the 
whole industrial field. 


Care of Leather 
Belt Drives 


(Continued from page 468) 


leather belting that requires no 
more than one take-up and often 
runs 6 mo. or a year without moving 
the motor back more than 1 in. on 
the sliderails. 

Methods of lubricating and dress- 
ing belting leather have also been 
greatly improved by the manufac- 
turer, so that the best belts today 
last longer and have a higher leather 
fiber content. Every man who has 


INDUSTRIAL ENGINEER 


anything to do with the maintenance 
of leather belts should have a set of 
simple rules on the care of leather 
belting in the shop. These are very 
interesting and are available in 
booklet form from the manufactur- 
ers of leather belting, for anyone 
who will ask for them. 

The belt is but a small part of the 
cost of each production machine, 
but, like the arteries in the body, it 
is very important. A good leather 
belt, bought according to standard 
tests, will increase production and 
save trouble and money for the com- 
pany. A leather belt should always 
be purchased on quality, because the 
quality leather belts are always the 
least expensive, so much so that no 
other kind should even be consid- 
ered. The testimony of every prac- 
tical shop man will bear out this 
contention. 

In summarizing, some of the sim- 
ple rules which should be followed by 
all power transmission men are 
given in the box on page 466. Op- 
erating executives who see to it that 
their belts are given the proper at- 
tention, will not only have a better 
operating plant, but will have a new 
and higher respect for reliable 
leather belting. 


Recommended Method of 
Splicing Wire Rope 

N ORDER to prevent appreciable 

loss of strength at the splice in a 
wire rope, it is customary to make 
the length of the splice not less than 
ig given in the accompanying table 
for ropes of different sizes. 
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Diameter of Rope Length of Splice 

z in. 5 ft. 

in 20 ft. 

in 24 ft. 

in. 28 ft. 

1 in. 32 ft. 

12 in 34 ft. 

13 40 ft. 

1% in. 45 ft. 


The following method of splicing 
wire rope is recommended by the 
American Cable Co. In splicing the 
two ropes, fasten the ends so that 
they overlap, allowing for a splice of 
15 to 45 ft. as indicated in the fore- 
going table. For purposcs of expla- 
nation we will assume a 30-ft. splice. 
First wrap or tie the ends securely 
with iron wire 80 ft. from each end, 
then unlay all strands 15 ft. as 
shown in Fig. 2 of the accompanying 
plate, cutting away the hemp core 
to permit bringing the two un- 
stranded ends together so that the 
strands will interlock as in Fig. 3. 

Take strand a and unlay it until 
the wire binding is reached and in 
the open groove place strand A. Lay 
A in tightly as shown in Fig. 4, mak- 
ing the twist agree exactly with 
twist of the open groove. Proceed 
in this way until all except 2 ft. of A 
are laid in and then cut off a and A, 
leaving the ends about 2 ft. long. 
Now unlay strand B in the opposite 
direction and in its place put strand 
b, stopping the ends of the rope in 
position corresponding to A, Fig. 4. 

Subsequently c will be replaced by 
C, but this should be stopped 6 ft. 
short of the junction of A and a, as 
shown in Fig. 5. Similarly, D should 
be replaced by d and the end stopped 
6 ft. short of strand B and b. 

Proceed similarly with E and e 
also F and f, stopping the ends 6 ft. 
short of C and e and D and d re- 
spectively. 

The rope will now present the ap 
pearance shown in Fig. 5 and the 
only remaining step is to tuck in 
the ends in such a way that the 
diameter of the rope will not be in- 
creased where the ends are tucked 
in. This is done by removing the 
hemp center and putting the ends of 
the strands in the place previously 
occupied by the core. To do this, it 
is first necessary to open or untwist 
strands A and a so that the hemp 
center can be seized with a pair of 
pliers and pulled out. Then a mar- 
line spike is inserted to keep the 
gap open. After starting the loose 
ends into the space left vacant by 
the hemp center rotate the marline 
spike to force strand into place. 


These illustrations show the dif- 
ferent steps in splicing a wire 
cable. 
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Have You 


A Good Job? 


OT long ago when calling on 

the Chief Engineer of a large 
plant and waiting in his office while 
a factory signal gong was locating 
him for me, I chanced to see on the 
wall of his office a real message. This 
message is reproduced in its essential 
details in the accompanying diagram 
and has helped me to understand this 
fellow, whom I have come to know 
well and admire. There were no 
other hangings or decorations in that 
office and the above diagram took up 
a space about 8 ft. square. Under it 
appeared this comment: 

“Have you a good job? Until you 
get a better position the one you hold 
is the best there is, and it deserves 
the best you can give it. Better 
workers always get better jobs.” 

This man employs many men and 
he is their boss in every sense. He 
exercises his authority not by force 
or fear, but by his own ability to do 
things and the way he goes at them. 
He does not stand on the sidelines 
and watch the game: he gets into it 
and while he is the leader, he knows 
how to place responsibility and build 
confidence in assistants that he can 
depend upon. 


If you think you have, 

are you building it up 

with the very best that is 
in you? . 


The above diagram tells a lot 
about this fellow, and by talking 
with him and his principal assistants 
you quickly get the impression that 
his is not a one-man job, but a job 
built by him around several men 
whose vision and ability have grown 
with the work and responsibilities 
that they have taken on as a group. 
Moreover, when you talk with his 
men alone they do not give you the 
impression that they are the whole 
thing, but you are impressed with 
what they know about the work they 
have in hand—not just a part of it, 
but the many related details. When 
it comes to arriving at a decision, 
however, then it is that the leader- 
ship of the boss comes in, for in 
every case when I have been inter- 
ested and present, these men bundle 
up their facts and figures, plenty of 
them and complete in all details, and 
consult with the boss. At these 
times he seldom has to request that 
missing data be secured, for it is all 
there and they need no assistance in 
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AMBITION 
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gathering in the facts. What they 
want and what they get freely is help 
in analyzing the problem at hand and 
arriving at its best solution. As a 
result of this procedure there are few 
misfits in this plant, and every one 
seems to be proud of that fact. 

And so from this plant and its 
operators we can draw the conclusion 
that success in work, or success in 
ambitions is the result of a definite 
plan, consistently pursued and care- 
fully worked out. Back of and along 
with this success must be certain 
fundamentals which I think are well 
laid out in the above diagram with 
its eight elements making up the 
wheel of success. Whether by inten- 
tion or not, you will note that on the 
top, bottom and two sides stand 
Loyalty, Ambition, Vision and Effi- 
ciency, tied together by Prudence, 
Honesty, Courage and Thrift, with 
all revolving around or contributing 
to SUCCESS. 

The more you study this diagram 
and think about the way it is made 
up, the more interesting it becomes. 
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G. A. VAN BRUNT, Managing Editor 


One More Reason for Standardizing 
General-Purpose Motors 


NDUSTRIAL ENGINEER has often commented on 

the necessity for motor standardization. The steel 
industry has realized it for some time and has taken 
steps towards obtaining standardization of mill-type 
motors, as was reported in the June and July issues. 
But this movement takes no cognizance of general- 
purpose motors. 

A letter from one of our readers, who is Chief Elec- 
trician in one of the 25 plants operated by his company, 
states what may be an extreme case, but nevertheless 
one that is characteristic of many plants at the present 
time. He says: 

“In the plant at which I was formerly stationed, 
there are some 240 motors—of which no two are alike— 
manufactured by 17 different firms. The stock of repair 
parts is so large that it cannot easily be imagined. In 
the course of time we expect to work this number of 
motors down to those of three or four manufacturers, 
but for the present it is necessary to operate the 240 
mismates.” 

The troubles of the Chief Electrician in such a plant 
can be readily imagined. The crime, however, must be 
laid at the door of the man who specified motors from 
17 different manufacturers. Either he carried to 
extremes the desire to try something new, or was 
unduly influenced by the price offered by some manu- 
facturer to introduce his motor. Until manufacturers 
are able to standardize their motors, it will be neces- 
sary for users to limit their motors to two or three, 
and preferably less, different makes. 


The Best Time to Fight Fire 
Is Before It Starts 


OST of us would admit, if we were asked about it, 

that fire is an ever-present and apparently ever- 
growing menace, but in the rush of the days’ work we 
are inclined to grow careless and overlook some of the 
precautions that are essential. There is, consequently, 
need of calling attention from time to time, to the im- 
portance of cleaning up our plants, inspecting firefight- 
ing equipment to make sure that it is in good condition, 
and so on. 

Fire Prevention Week, Oct. 3-9, was inaugurated for 
this purpose, and it is safe to say that proper observance 
of it may be the means of saving millions of dollars 
worth of industrial property. 

The best way to fight fire is not to let it get started; 
a plant may be doomed to destruction within a few 
minutes after a fire breaks out. Many fires start in 
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accumulations of inflammable material, such as waste 
paper, shavings, dust, and the like. Oily rags are an 
especially dangerous fire hazard. Preventing the ac- 
cumulation of such material is a matter of plant house- 
keeping that should receive careful and continuous 
attention. 

If inspiration is needed, take it from Fire Prevention 
Week and inspect the electrical equipment and wiring, 
particularly extensions and temporary installations, to 
make sure that they are safe from the standpoint of 
fire hazard, as well as safety to the workmen. Care- 
fully check the condition of all firefighting and protective 
equipment. Otherwise, injuries or deterioration that 
will make such equipment useless, may go unnoticed 
until an emergency arises; then it will be too late to 
make repairs. 

Go over the plant from end to end, clean out all rub- 
bish, and eliminate any potential or actual fire hazards 
that you find. After the plant has been put in good 
condition, from this standpoint, see that it is kept in 
this condition. Then you can feel that you have done 
your part in protecting your plant or your job, and in 
reducing our annual fire loss of more than one-half 
billion dollars. 


Do You Know How Much Energy Is Wasted 
By Your Power Drive Equipment? 


OT long ago the management of a large industrial 

plant was faced with a serious power shortage at 
the height of the busy season. The factory power plant 
was in good condition, but it was overtaxed by the 
growing demand for power. Accordingly, after con- 
siderable investigation it was decided to install a new 
boiler, engine and generator, at an estimated cost of 
more than $25,000. 

A new Chief Engineer took up his duties just before 
the order for this equipment was placed and two or 
three days’ investigation convinced him that it was not 
needed. He found that power was being wasted every- 
where, in a multitude of ways. After considerable dis- 
cussion he received permission to make some changes he 
had proposed, and the order for the new boiler and 
other equipment was held up. 

First, he installed anti-friction bearings on every 
lineshaft in the plant. Following this, a large number 
of countershafts were eliminated, some old equipment 
was discarded and new purchased, and other changes 
made that reduced the friction load to a fraction of 
its former value. Then direct wastage of electrical 
energy was attacked. Idle operation of motors and 


machines was strictly forbidden. Likewise, burning of 


lights when not needed was stopped. And so on through 
a long list of the various ways in which power may be 
wasted, in small amounts as well as large. As the 
result of these economies the power plant was able to 
carry its load without difficulty, and with no expenditure 
for new equipment. 

There are plenty of industrial plants today in which 


October,1926 


there are fine opportunities to save power and cut 
operating costs by the application of good sense and 
sound engineering, supplemented by the authority to 
purchase equipment that is modern, efficient and well 
suited to the service conditions. Frequently, these op- 
portunities are entirely overlooked, unless some crisis 
makes decisive action imperative, as in the above case. 
However, if power is purchased, there is not likely to 
be a shortage of this to serve as the stimulus to investi- 
gation and constructive thinking on how operating and 
maintenance costs can be reduced and the operating 
efficiency of power drive equipment improved. 

It is hoped that every industrial executive who is 
concerned with plant operation will find that stimulus 
in this issue of INDUSTRIAL ENGINEER. It has been 
planned for that purpose. 
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Don’t Leave the Lighting System Out of 
Your Winter Preparations 


HE winter months, with their short days and long 

periods of darkness necessitating artificial light, 
will soon be with us. Now is the time to put the light- 
ing system in order for the early morning and late 
afternoon periods when it will be needed. In particu- 
lar, maintenance attention at this time will prevent 
much trouble and expense later, when the weather 
makes it difficult to get at outdoor lights and lights in 
semi-closed buildings. Also, a survey of what lighting 
is required may prove of decided value. 

Too much light is something that is practically never 
found in an industrial plant. A careful investigation 
will probably reveal many places where more illumina- 
tion would increase production or cut the cost of opera- 
tion. Possibly some extensions have been added to the 
plant during the summer months. Have the lighting 
requirements for these locations been given careful 
attention? 

Replacements of lamps should be made before a lamp 
burns out from old age. Typical performance curves on 
commonly-used sizes of lamps show that after 500 hr. 
use, the lamps give only 90 per cent of the light out- 
put that they do when new. Likewise after 1,000 hr. 
use they deliver approximately 80 per cent of the light 
given when new, while after 2,000 hr. use, the light 
delivered is only 70 per cent of its original value. The 
useful life of a lamp is considered to be 1,000 hr., but 
under conditions more severe than the laboratory in 
which the foregoing figures were compiled, the useful 
life would be even less. 

Only a few weeks ago the eighth reduction of Mazda 
lamp prices since 1920 was made. Prices of these 
lamps are now 44 per cent below the 1914 prices. This 
in itself is still another reason why lamps should be 
replaced oftener. 

If cost of operation is one of your bugbears, an 
investigation and overhauling of your lighting system 
may easily show places for cost cutting. 
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Replace Obsolete Control Devices 
With Modern Equipment 


HE use of electric drive in industry is now quite 

commonplace and is the initial step in operating 
efficiency. However, there are very few plants where 
increases in production, reduced costs, increased safety, 
or decreased maintenance expense cannot be effected by 
replacing obsolete control apparatus with modern con- 
trol equipment that is specifically designed to meet cer- 
tain operating conditions. 

For instance, a 75-hp. motor used to tilt a Bessemer 
converter in a steel mill, was controlled by an old type 
of manually-operated controller. Considerable care was 
required of the operator, in gaging the limits of travel, 
and when a change of operators was made, some time 
would elapse before the new man became familiar 
enough with the method of handling the controller so 
as to tilt the converter in the shortest possible time 
without causing any spills. 

After study of the problem by a control expert, an 
automatic controller was installed with limit switches 
at each end of the travel. The control is now operated 
by simply moving a small master switch handle from 
one position to another, whereupon the motor is auto- 
matically started, accelerated, and stopped at the proper 
position without any further effort on the part of the 
operator. The time saved, and the saving from spills 
formerly encountered, have paid the cost of the new 
controller in a few months. 

In another case a winch operator and two men were 
required in a coke plant to operate a manually-con- 
trolled, motor-driven winch which was used for moving 
hopper bottom cars while they were being loaded with 
coke. Substitution of a car haul winch automatically 
controlled from a master switch at the coke screen 
operator’s hand eliminated the winch operator and his 
two assistants and at the same time secured better load- 
ing of the cars because the screen operator could 
regulate the car movement to better advantage. The 
saving made by this installation paid its cost in less 
than a year. 

A good example of the safety features of modern 
automatic control is the use of dynamic braking that 
can be applied in an emergency to prevent injury to 
workmen on candy pulling machines in candy factories, 
kneading machines in macaroni factories, and on rub- 
ber calenders in rubber mills. In case of trouble, any 
workman or person in the room can push any stop 
button and dynamic braking will bring the machines to 
a quick stop. This method of stopping machinery by 
merely pushing one of the conveniently located buttons 
has often prevented serious injury to workmen. 

With high wages, and with investments in machinery 
as well as interest charges hardly declining, isn’t it 
worth while to get a greater return per man or per 
machine? Modern electric control will help you in this 
regard. What others have done in the way of speeding 


up production and cutting operating costs you also 


can do. 


490 [INDUSTRIAL ENGINEER | Vol.84, No.10 


— —$— — 


Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


question that you can f 


perience. 


— — — 


12 bars in making this test. When 2 
Who Can Answer 12 bars in making this test, ure Answers Received 
Th 7 tates seem 8 7 ape would. tura 15 T è A k 
umps. e top leads were raised an ed 
ese. tented for shorts, but everything tested 0 Questions 8 


Data for Building Auto-Transformer.—I clear. It was tried again with no better se of Non-Metallic Geare—I wish that 


results. A duplicate of this armature s 8 
wish to bulia an autotransformer for use e den ia he same frame and ie ran OU, ,readern, cle ee ate non-metallic 
transformer should have a capacity of perfectly. The defective armature was eara We have several gear drives 
15 amp. and should have taps for volt- then stripped and was found to be wound ni ch waar rapidl due to irregular 
ages of 10, 20, 30, 40, 50, and 80 volts. correctly and each coil was examined for loadin and oi r noisy If I 
I had planned to use a core made up of ice Eat B 18 be e use non-metallic gears would I 
Fan dure, wl ene work satiwactorty? Gecen But She cous Lel? mo what the ave to use pinions with wider faces, ang 
dimensions of the core that should be trouble was? with others ha: ‘ng wider faces? If so 
used, the size of wire, and the number of Iola, Kans. G. E. G. approximately hiw much wider would 
turns of wire that will be required. I oe eS the faces have to be? 

Saal i your help: E. J. M What Causes Armature to Throw Core Des Motes, 10N N 
a „ N. J. J. M. 
N Bands? — We are having trouble with the I would recommend that J. F. K. use 


r. p. m., 230-volt, 200-amp., four- pole, 8 : es 
Method of Ventilating Baking Oven—We compound-wound turbo-generator. On dimensions as the original one. It 


are about to build an oven to be heated account of a breakdown the coils were would seem to me that the gears which 
removed from the core, _reinsulated, 8 
by electricity, which is to be used for replaced, and connected as before. The J. F. K. used were not lined up prop- 


CC PE ovet winding was then tested with a growler erly; otherwise, they would not wear 


and also a millivolt drop test was made. 3 3 j 
high, and is to be placed out of doors. Next the five steel bands, were installed out so rapidly. I believe that he will 


Can some reader tell me what is the as shown in the diagram. Each band is find the rawhide pinions to be very 
proper way to provide ventilation „fog separate from the others and is quiet in operation. Only one of the 
can. id as subject will be very „ mesh together needs to be 
: rawhide. 
R N The inherent resilience of rawhide 
„ RD enables this gear material to absorb 
the shock of tooth impacts and is re- 
sponsible for the comparative absence 
of wear, and for quiet operation. 
Chief City Electrician, H. J. ACHEE. 
Woodward, Okla. 


* * * * 


As J. F. K. undoubtedly knows the 
speed of a set of gears has a great deal 
to do with the amount of noise that they 
make in operation. The depth of mesh 
also influences noise. For quiet opera- 
tion, gears should be mounted so that 
there is very little backlash. When 
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Using Large Diameter Pulley on Motor. 
Is it practicable to use a 20-in. pulley 
on a 25-hp., 750-r.p.m. motor? This 
would result in a peripheral speed of the 

ulley of 3,926 ft. per min. Would this 
e good practice? What objections 
would there be to using this size of 
pulley on the above motor in view of 
the fact that the motor manufacturer 
does not recommend a pulley of this 
diameter? Can some reader tell me what 
types of pulleys I could use or could not 
use in this case? 

Toledo, Ohio. F. H. 


Cause of Fuses Blowing on Transformers.— 
During a recent violent lightning storm, 


the fuses were blown on one of our ig installing gears some millwrights rec- 
1 e volt, single-phase trans- thoroughly soldered, with sheet copper ommend using a piece of ordinary writ- 
: s transformer supplies a reinforcing clips placed at six equi-dis- 


small, lighting distribution system. The tant points around the core, except at the ing paper for ascertaining that the 


transform — i 
transformer is protected by a pole-type start and finish of the band, at which mating gears are at the proper centers 
tras i 1915 fuses were replaced and the together. After fittin the Ppands "and and do not bind nor ride too loosely. 
1 e e I again testing the winding, the armature The gears should be mounted so that 
de pan A ny n ne En a was replaced and brought up to speed the paper ma be run throu h without 
TVC with the field circuit open. The field pa; y ) g 

ow. Iw e very much circuit was then closed and when the being torn or deeply indented, when the 


indebted to any reader who will advise generator voltage rose to approximately gears are revolved by hand. The size 


me on this subject. 100 volts (less than half rated voltage 
Wichita, Kan. Z. F. D. the bands became so hot that the 89 05 of the gear is another factor which 
ae i loosened and the bands were thrown off. must be taken into consideration with 
were not striking the i Sale locas pa the speed if the drive is not to be un- 

3 wia 1 oek $ Armatire= 1 1 ere was „ ane maa reasonably noisy. 
-hp. -Wh a on o eating or other trouble in the i 1 ini 

ture which had 43 slots, and 139 com- winding itself. Will some reader please I believe that rawhide pinions could 
mutator bars, each coil having 4 turns tell me what causes this armature to be used with the present gears, pro- 


of 3 No. 14 d.c.c. magnet wires wound in throw its bands? Is the trouble caused i i 
parallel. The coil pitch was 1-and-10 by having more than four equally spaced 5 ene inch of face of 
and the lead pitch was 1-and-65. The sets of copper clips around the periphery ‘he pinion does not exceed 250 Ib. If 


armature tested clear of grounds, shorts, or by having two clips together, or both? these pinions have bronze flanges the 


etc., but a bar-to-bar test with a milli- Any information that read : eased 
voltmeter showed the following variations me as to what is cousin my trouble sim pressure -may be safely er 25 
in readings: normal—high—low—high— be greatly appreciated. per cent. GRADY H. EMERSON. 


low—normal—high—etc. I spanned about Richmond, Va. W. H. E. Birmingham, Ala. 
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In reply to J.F.K.’s question, non- 
metallic gears made from Bakelite 
Micarta D are generally considered 
equally as strong as cast-iron cut gears. 
Micarta gears may be substituted for 
steel, cast-iron, or bronze cut gears, 
having the same dimensions as the 
metal gears. 

In some cases, non-metallic gears 
have not given satisfactory operation 
from the viewpoint of noise and econ- 
omy. Investigation has usually revealed 
that this is due to some of the following 
causes: Misalignment, improper or in- 
sufficient lubrication, and wrong design. 
Micarta gears should be lubricated with 
a light grease or heavy oil; they should 
operate with metallic cut gears, and 
have a shaft bearing in the bore of at 
least one-fourth of the pitch diameter 
of the gears. 

Generally, no metal endplates or 
shrouds are required, but in special 
cases where some noise may be sacri- 
ficed for additional strength, metal 
shrouds are used. In such cases, the 
shrouds are included in the working 
face of the pinion meshing with the 
metal gear. The writer has used pin- 
ions of this construction for additional 
strength where certain limitations pre- 
vented any increase in the width of the 
face. These pinions compared favor- 
ably with all-metal pinions in operation 


and life. E. H. LAABS. 


Engineering Dept., 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 


* * x * 


I presume that J. F. K. in his inquiry 
on the use of non-metallic gears, means 
the newer Fabroil or Micarta gears. 
We have used a number of these, espe- 
cially for motor pinions, with very 
satisfactory results. In accordance 
with the makers’ recommendations, we 


designed these gears by using the Lewis. 


formula constants for cast iron and 
making the face about four times the 
circular pitch, as is usual for cut gears 
and, possibly, using a slightly coarser 
pitch than is customary with steel mo- 
tor pinions. We are operating these 
gears loaded well up to their rated 
capacity and they have not shown any 
signs of wear or deformation. Because 
of these favorable results, we are in- 
clined to believe that the data furnished 
by the manufacturers for the design is 
correct. 

Bulletins on these gear materials, 
which contain much valuable informa- 
tion on the design of such gears and 
also include tables of desirable pitches 
and horsepowers transmitted, for sim- 
plifying the work of calculation, are 
furnished by the General Electric Co., 
Schenectady, N. Y., and the Westing- 
house Electric & Manufacturing Co., 
Pittsburgh, Pa., the manufacturers of 
the two materials mentioned. 

Our experience with rawhide and vul- 
canized fiber gears has been that they 
are, as given in the reference books, 
considerably weaker than cast iron so 
that per horsepower transmitted, the 
Fabroil or Micarta gear will make a 
cheaper drive, because both the silent 
pinion and the accompanying gear can 


be smaller. H. D. FISHER. 
Plant Engineer, 

New Haven Pulp & Board Co., 

New Haven, Conn. 
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Unfortunately, the information given 
by J.F.K. is not sufficient to make any 
definite recommendation as to the use 
of other materials and gear tooth 
widths. If the horsepower transmitted, 
the diameter and speed of the pinions, 
and whether they were made of cast 
iron or steel were known, some direct 
information could then be given in re- 
gard to the possibility of substituting 
some of the various types of non- 
metallic gears for the metal gears now 
used. 

Up to the last decade, when the re- 
search departments of two big electrical 
companies developed a gear material 
from cotton sheets that were treated 
and compressed under enormous pres- 
sure, the chief non-metallic gear mate- 
rial was rawhide, a material that has 
served acceptably in drives ranging 
from small machinery to street car 
motors, pumps, and so on. Data on 
these new non-metallic gears (sold 
under trade names) may be obtained 
from their makers, but it should be 
remembered that an arbitrary substitu- 
tion is not a guarantee of freedom from 
the present troubles. 

These troubles go back to gear ap- 
plication design. It is well known that 
a gear may not wear well even though 
its individual teeth are strong enough 
to carry the load placed upon them. 
The remedy in such a case is to use 
wider faces. An old rule-of-thumb 
check on gear teeth has been to make 
the width of the tooth, in inches, at 
least 44 times the number of horse- 
power transmitted divided by the pitch 
diameter of the gear in inches. The 
tendency toward high motor speeds has 
made it necessary to use better mate- 
rials because cast-iron pinions, even 
though they had been designed accord- 
ing to this check, which was for ordi- 
nary machinery, would not stand up at 
the high speeds. As a result, pinions 
made of untreated and case-hardened 
steel and non-metallic compositions and 
materials of various kinds have been 
introduced to carry the increasing loads 
without increasing the width to undue 
sizes. In the street car field, and in 
some industrial work, hardened tool- 
steel pinions have given double the life 
of the soft steel ones so long in vogue. 
J. F. K. says the pinions “become” 
noisy which implies that they were 
quiet at the start. It is evident that 
the load is too great and the speed too 
high for the width of face. At high 
peripheral speeds, 1, 700 f. p. m. and over, 
unhardened metal pinions wear rapidly, 
due to the shock of contact and all gear 
formulas take this into consideration. 
It is at such velocities, and beyond, that 
the rawhide gear found favor because 
it cushioned the shock and was less 
noisy; it has been customary when 
using the best quality of rawhide to 
disregard peripheral speed altogether 
in designing gears. l 

According to the Lewis formula for 
gear teeth, rawhide teeth should have 
13 times the width of cast-iron teeth 
and 3 times the width of teeth made 
from 0.30 per cent carbon steel, if each 
is to transmit the same power. 

J.F.K. would be no better off if he 
used non-metallic pinions unless he 
changed to new gears also, because the 
load-carrying area of the pinions is 
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limited by the width of the gears. Also, 
it is very likely that the gears have 
worn so that they will continue to cut 
pinions as fast as new ones are in- 
stalled. Good cut teeth roll, properly 
meshed, upon one another, but as soon 
as they wear out of shape the points in 
contact slide on each other and the 
resultant friction constantly wears o 

particles of metal. f 

J.F.K.’s troubles, however, may not be 
entirely due to too narrow faces. In 
many cases, the motors and the shafts 
they drive are not lined up parallel in 
both horizontal and vertical planes. 
This results in a condition which will 
start tooth wear the moment the switch 
is closed. 

Where a motor is insecurely mounted 
or supported, or the driven shaft is 
loose in its bearings, misalignment and 
the same wearing conditions will re- 
sult. When two gears do not line up 
the contact is at one end only, even if 
the gear and pinion are several inches 
wide and the amount of contact cannot 
be increased until that end has worn 
down. The wear, however, does not 
follow the theoretical shape of correct 
teeth, with the result that there is con- 
stant friction and noise throughout the 
shortened life of the gear and the 
pinion that meshes into it. 

There is but one correct meshing posi- 
tion for a pinion in its gear. Owing 
to the difficulty of lining up motors, the 
best check is to use slips of paper or 
thin metal between the teeth before 
running the drive at all. These slips 
have to be rolled in place by turning 
the motor over by hand. They should 
“pull” the same in four positions; that 
is, at the top and bottom of a given 
tooth, at both ends. 

In irregular loading J. F. K. has hit 
upon one of the most common troubles 
in the realm of transmission but withal 
one which is often given the least 
study. Irregular loading is often the 
cause of a noisy drive; to overcome this 
herringbone gears are being substituted 
in many cases. These gears, from the 
nature of their tooth angle, run quieter 
because backlash is better taken up 
than with ordinary spur gears. With 
intermittent loads, much of the noise 
is due to the rebound and does not re- 
sult from contact between oncoming 
teeth. 

The writer had a case of a motor 
drive on a metal planer that could not 
be silenced by gears, but was effectively 
silenced by use of a Morse chain and a 
compensating driven sprocket. On this 
installation a 6-ton table load, together 
with four large pulleys traveling at 
about 5,000 f.p.m., had to be reversed 
several times a minute. We had no 
trouble with gear tooth wear; however, 
the noise was so bad that the planer 
had to be stopped in order to use the 
telephone in a booth in the office about 
100 ft. away. Even though we installed 
new pinions and new gears, then non- 
metallic pinions and new bearings all 
around, none of them had any effect 
upon the noise. However, the chain 
drive was so quiet that a whispered con- 
versation could be carried on alongside 
the machine itself. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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arallelln Open-Deita- Connected Trans- 
E former ank With Closed-Delta Bank. — 
I would like to obtain the experience of 
some of our readers in regard to parallel 
operation of an open-delta-connected 
bank of transformers with one or more 
closed-delta-connected banks of trans- 
formers. Under what conditions is such 
operation possible? How does the load 
divide between the several banks of 
transformers? How is the capacity 
affected of both the open-delta bank as 
well as the closed-delta bank? If we 
have two banks of closed-delta-connected 
transformers operating in parallel on both 
the high- and low-tension sides, will these 
two banks of transformers continue to 
operate satisfactorily and divide their 
load in accordance with their capacity, 
if one transformer is cut out of one 
bank so as to make an open delta con- 
nection? In this particular case, all of 
the transformers are of the same s!2€, 
voltage, ratio, reactance, and were made 


by the same manufacturer. 
Wilmington, Del. H. E. H. 


In answer to H. E. H's inquiry 1 
would say that from actual experience 
I have found the operation of trans- 
formers connected in this manner to be 
satisfactory. l 

In his book, “Transformer Practice,” 
Taylor says that the removal of one 
transformer of a closed-delta group re- 
sults in a very slight unbalancing, due 
to the fact that the impedance in the 
middle main being the algebraic sum of 
the impedances of the two outside 
mains, the resulting capacity is 1 + V 3 
or 68 per cent of the original capacity. 

I know of a bank of three 500-kva. 
25,000/440-volt transformers that is 
paralleled on both primary and second- 
ary sides with a bank of two 200-kva. 
transformers which are connected open 
delta. 

These banks supply power to four 
rotary converters and the load is di- 
vided in accordance with the capacities 
of the transformer banks. 

Chief Engineer, PuHILip N. EMIGH. 
The Mountain Water Supply Co., 
Indian Creek, Pa. 


* * 8 * 


The writer has operated transformer 
banks in the manner indicated on a 
number of occasions without any ap- 
parent serious results. In one particu- 
lar case two 450-kva. banks, each made 
up of three 150-kva. units, but with 
one bank having one transformer cut 
out, were so operated for more than a 
month. Tests on the division of load 
between banks, made by putting a port- 
able split-core transformer over each 
transformer lead, did not show any 
values exceeding the normal rating of 
the transformers. Theoretically, there 
might be some objections to this prac- 
tice from the standpoints of regulation 
and voltage unbalancing between lines 
but, practically, the operation can be 

carried out. Naturally the capacity of 
the open-delta-connected bank will be 
reduced in proportion to the total ca- 
pacity. It is recommended that tests 
be made in each instance when such 
operation becomes necessary. 

C. OTTO VON DANNENBERG. 
General Engineering & Management Corp.. 
New York, N. Y. 


* * * * 


In reply to H. E. H., I would say 
that transformer banks can be oper- 
ated in parallel if the following condi- 
tions are fulfilled: 

(1) The ratio of transformation on 
all the banks operated in parallel must 
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be the same. This means that the 
proper taps must be connected to the 
transformer terminals inside the trans- 
former case. 

(2) Units of the same capacity must 
have the same characteristics. This 
means that the reactance and resist- 
ance drops must be approximately the 
same. 

(3) The polarity of the banks must 
be the same. Units of different po- 
larity must be connected so as to ob- 
tain equivalent polarity. 

(4) Phase rotation must be the same. 
A motor connected to the correspond- 
ing leads of all the banks must rotate 
in the same direction. 

Transformer banks connected in open 
delta and operating in parallel with 
transformer banks connected in closed 
delta will divide the load in the ratio 
of 1.73 to 3. This means that with a 
total load of 100 kva. on two banks 
operating in parallel, one connected in 
open delta and the other in delta the 
proportion of the load carried by the 
closed-delta bank will be (3 x 100 = 
4.73 = 63.5 kva. or 63.5 per cent of the 
total load and the load carried by the 
open-delta bank will be (1.73 x 100) += 
4.73 = 36.5 kva. or 36.5 per cent of 
the total. A. NOEPPEL. 
Chicago, III. 

* * * * 


Proper Foundatlon for Alternator.— (1) We 
are going to install a 133-Kva., belt- 
driven alternator in the near future. and 
I should like to know how to make a 
suitable foundation for it. We are think- 
ing of using a wooden framework. Is 
this alternator too large for such a foun- 
dation? I should like to Know what type 
of foundation readers would recommend 
for this alternator, and also how the 
foundation should be made. (2) When 
the distance between pulley centers of 
the alternator and engine is long should 
the alternator foundation be heavier than 
when the machines are close together? 
How should the alternator be fastened 
to the timbers or other types of founda- 
tions that are recommended? I shall 
greatly appreciate any information that 
readers can give. 
New Orleans, La. O. C. H. 


Referring to O.C.H.’s inquiry re- 
garding the foundation for a 133-kva., 
belt-driven alternator, I would say that 
the data furnished are rather indefinite 
as to the speed, pulley size and loca- 
tion, although some general information 
may be of assistance. 

Unless local conditions make concrete~ 
or brick foundations impractical, I 
would not recommend a wood founda- 
tion as it is hard to get a good level 
bearing without the use of loose 
wedges. The softness and give in 
wood, together with a continued drying 
process, make it difficult to keep the 
machinery tight on the foundation and 
thus prevent vibration. Most of the 
motors up to 125 hp. that we have 
mounted on wooden foundations have 
been installed only for temporary serv- 
ice. As the wood shrinks and wears 
down, it will be necessary to tighten 
the foundation bolts periodically, in 
order to prevent the machines from 
vibrating. A belted machine should be 
installed on a sliding base so that the 
belt may be conveniently tightened, 
when necessary. 

If the foundation is to rest on earth, 
I would recommend a concrete founda- 
tion which is about 1 ft. larger than 
the base of the machine. The base of 
the foundation should be set into the 
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earth about 3 ft., or if there has been 
a recent fill dig down to solid earth. 
The top of the foundation should be 
built about 1 ft. above the floor level 
in order to keep the machine up out of 
the dirt and wet. 

The lower end of the foundation 
bolts should not only have washers but 
should extend to within 6 in. of the 
bottom end of the foundation. The 
upper end of the bolts should extend 
through a pipe sleeve that is about 
1 ft. long and 2 in. larger in diameter 
than the bolts. After pouring the 
foundation, the sliding base and ma- 
chine should be set in the operating 
position and leveled high enough with 
iron wedges so that there will be plenty 
of clearance for about 1 in. of grout- 
ing. After lining up the machine, the 
base should be grouted in, being care- 
ful to fill in around the foundation 
bolts, in order to keep the base from 
shifting sideways. 

It does not take an enormous foun- 
dation to withstand the belt pull of a 
motor or generator, but it is important 
to have the machine bolted down se- 
curely so as to prevent vibration. 

Due to the fact that the arc of con- 
tact between the pulley and the belt is 
greater with a long belt than with a 
short one, it is likely that the total belt 
pull is slightly less with a long belt. 
Generally the difference in belt pull is 
not great enough to materially alter 
the size of motor foundation. 

In fastening the alternator to the 
foundation, as has been described 
above, a standard sliding base as fur- 
nished by the maker should be used. 
Whether the foundation is of wood or 
concrete, through-bolts should be used 
in preference to lagscrews. In the 
event that a wooden foundation is used, 
through-bolts should be employed so 
that the foundation can be tightened 
up when necessary. 

Much trouble with motors and gen- 
erators can be eliminated, if a little more 
care is exercised when the machines are 
installed. H. D. FISHER. 


Plant Engineer, 
New Haven Pulp & Board Co., 
New Haven, Conn, 
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Heating of Commutator on Rewound Re- 
pulsion-Induction Motor.—I recently re- 
wound a G. E. single-phase z-hp. four- 
pole type RI 110-volt repulsion-induction 
motor and am having trouble with it on 
account of heating. The commutator 
seems to heat first and in about two 
hours the motor gets so hot that you 
cannot put your hand on it, and it keeps 
on getting hotter. It does this when 
running idle. I have tested the commu- 
tator, armature, fields, and bearings and 
they seem to be O. K. The armature is 
well balanced. I used No. 16 d.c.c. wire 
in the rotor and main field and No. 18 in 
the compensating field. I shall appre- 
ciate any information regarding the 
cause and remedy of this condition. 


In the September issue an answer to 
R. S. states that the trouble on a G. E. 
type RI single-phase motor is due to 
the short-circuiting device. I have had 
considerable experience with type RI 
motors, so wish to say that this has no 
short-circuiting device. Two sets of 
brushes are placed on the commutator, 
at opposite sides. One set is connected 
by a jumper, while the other set leads 
to the compensating field. 

This set is, in all probability, the 
cause of the trouble in the motor. If 
R. S. will change these back, that is 
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reverse the brush connections to the 
compensating field and then adjust the 
brush setting to the best running posi- 
tion, his troubles will probably be over. 
This is a common mistake on these 
motors. If an ammeter is available, 
place it in the line and determine the 
load on the motor. Then reverse the 
compensator field and again read the 
ammeter. The connection giving the 
lower reading on the ammeter will be 
the correct one. 

Buffalo, N. Y. WALTER M. RENNICK. 
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Trouble from Static on Belt-Driven Ma- 
chines.— We have about 200 sewing ma- 
chines all of which are belt driven. The 
girls who run these machines complain 
that they frequently get shocks from 
them. I believe that this is due to static 
from the leather belts which drive the 
sewing machines. I shall appreciate it 
very much if some reader can tell me 
how to prevent this trouble. I have 
grounded the sewing machines but the 
trouble still continues. To what should 
I ground the machines so as to obtain the 
best results? How should the ground be 
made? I might say that the sewing 
machines are placed on wood floors in a 
room that is quite dry and warm. Would 
the use of rubber belts correct the trouble 
I am encountering? I should like to 
learn the experience of other readers on 
this subject. 

York, Pa. P. C. 


Answering the question by P. C., we 
remedied a similar case of trouble in 
the following manner. Upon investi- 
gation we found that the static did not 
come from the individual machine belts 
but came from a larger belt driving the 
countershaft. As a remedy we simply 
attached a piece of No. 14 wire to the 
ceiling directly over this belt, so that a 
nut which was attached to one end of 
the wire hung within an inch of the 
belt. The other end of the wire was 
attached to a sprinkler pipe for a 

ound. This arrangement proved ef- 
ective and inexpensive. 

Electrical Dept., A. C. BARKER. 
W. S. Libby Co., 
Lewiston, Me. 
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My experience some years ago, be- 
fore the guarding of belts was subject 
to state regulation as it is now, with 
a battery of belted Bliss presses knock- 
ing out heads for condensed milk cans, 
may be of assistance to P.C. The girl 
operators complained about the “elec- 
tricity” in the belts and how it at- 
tracted their hair, particularly as they 
passed along the aisle near the belts. 
Almost any time, it would be possible 
to place a finger near one of the belts 
and see a 3-in. spark jump between the 
finger and the belt. 

To remedy this condition we attached 
strips of copper to the frames of the 
presses, but insulated from them, and 
carried a wire from these strips to the 
steam pipes along the wall back of the 
machines. Each machine bad its strip 
and ground wire. There were no more 
complaints after that. 

Another advantage which we found 
resulted was the reduction in the loss 
from burned-out lamps in the drop 
lights for each machine. These lamps 
were close to the belts and in some way 
the static in the latter had a bad effect 
on the filaments (drew them to one side, 
we thought) and they would burn out in 
about a week. After the grounds were 
put on there was no more trouble with 
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these lamps than with any other lights 
in the plant. 

With the sewing machines in ques- 
tion, I believe that P.C. should ground 
the static before it gets to the machines. 
Presumably, this could be done by a 
grounded “busbar” running along under 
the bench and near the belts, or close 
enough to solder fingers to it, which 
would come near the belts, and in this 
way eliminate the static trouble. 

DONALD A. HAMPSON. 
Plant Superintendent, 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Demagnetizing a Lathe.—I have a 24-in. by 
10-in. selective head lathe, which is mag- 
netized; at least, when any work is done 
on the lathe, the chips cause us trouble 
by sticking to the lathe tool and sur- 
rounding lathe parts. It is my opinion 
that the spindle of the lathe is magnet- 
ized. I shall greatly appreciate it if 
readers will tell me how to demagnetize 
this lathe. If it is necessary to use a 
demagnetizing coil, how big should the 
coil be, how many turns and what size 
of wire should be used? Also, how many 
amperes should flow through the coil? 
Is there any way that I can demagnetize 
this lathe without using a demagnetizing 


coil? 
Beaumont, Tex. O. C. B. 


In answer to O. C. B.“'s question I 
would say that this trouble may be 
easily overcome by placing the mag- 
netized parts in a magnetic field that 
is subjected to frequent reversals. This 
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Data for making growler that may 
be used to demagnetize metallic 
parts of machines. 


can be obtained by placing the parts 
on a growler and then slowly moving 
the parts away from the growler while 
the current is on. 

The accompanying sketch shows how 
I made a growler which may be used 
to demagnetize small machine parts. 
The core is made up from laminations 
of sheet iron of the shape shown in the 
sketch. Enough laminations are used 
so as to make a thickness of 2% in. 
Sixty-five turns of No. 7 d.c.c. wire 
are wound on the center of the core. 
This is sufficient for operation from 
a 110-volt, alternating-current, power 
supply. For operation on 220 volts, 
use double the number of turns in wind- 
ing the coil of the growler. 

When demagnetizing parts, be sure 
to pull the parts away from the 
growler while the alternating current 
is still on. Turning the current off 
before the parts are pulled away has a 
tendency to magnetize them. 

Chief Electrician, O. C. UMBERGER, 


Premier Coal Co., 
Middleboro, Ky. 
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Although not so stated by O.C.B. the 
lathe which he mentioned as being mag- 
netized, may be motor driven. The 
motor mounting, in that case, may be 
of the kind that has the motor fastened 
to the top of the head casting or to a 
bracket that is integral with some 
structural part of the lathe. Such be- 
ing the case, it would be possible for 
the motor to be defective or to have 
been damaged to the extent of a ground 
or leakage of sufficient current to turn 
some part of the structure into a weak 
electro-magnet and this would, of 
course, cause tools and chips to stick 
to the various parts of the machine and 
cause considerable inconvenience. 

The fact that O.C.B. states that he 
thinks the spindle is magnetized leads - 
me to believe that the lathe may have 
been used somewhere previously with a 
magnetic chuck attached to the spindle 
for some special manufacturing. These 
chucks operate on 110- or 220-volt cir- 
cults and some of them carry 5 to 10 
amp., which is sufficient current to mag- 
netize the machine (lathe) particularly 
if there happened to be a short. If 
this condition had existed for a long 
time, the residual magnetism in the 
lathe’s mass would be of sufficient 
amount to cause inconvenience for a 
considerable period. 

It is hardly conceivable that the lathe 
would remain strongly magnetized un- 
less there were some undiscovered 
source of magnetism operating while it 
is in use. Ordinarily, it would be much 
harder to keep a lathe (or almost any 
other part) magnetized than to keep it 
demagnetized. A careful investigation 
of all wiring near the machine and a 
test for grounds will probably reveal 
the real cause of the trouble. To a 
slight degree, a high-speed driving belt 
might be a contributing cause. If such 
is the case, metal combs located near 
the belt and attached to a wire 
grounded to a water pipe might help 
O. C. B. out of his trouble. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y 
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Where Should I Use This Kind of Wire — 
Most manufacturers of wire for use in 
house wiring and in industrial plants 
make three kinds of wire: a Code wire, 
an intermediate grade and a 30 per cent 
rubber compound grade. I should like to 
learn from other readers whether they 
use all three grades around their plants 
and if so, the basis on which they decide 
the grade that shall be used for a cer- 
tain application. Do you find any of 
these grades unsuited for industrial plant 
use? I shall appreciate any information 
that you can give me regarding the 
proper application of these three grades 


B.S. 


Referring to the question by B. S., 
code wire of the proper voltage should 
be used for all industrial power wiring. 
For lighting, open wiring in resi- 
dences, signal and low-voltage work, 
the intermediate grade may be used, al- 
though it is not good practice if the 
wires are run in conduit. The 30 per 
cent rubber compound grade may be 
used on bell and low-voltage (50 volts 
and under) signal work and for open 
wiring on low-voltage lighting in dry 
locations. H. E. STAFFORD. 
Electrical Engineer, 


Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Canada. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The items may 


rejer to inspection, overhauling, testing, and emergency or special installations. 


Unusual Method of 
Fishing Through Conduit By 
Using Conveyor Wire 


HE use of a so-called conveyor wire 

for fishing through a new type of 
metal molding used for surface wiring 
solved a difficult problem recently. This 
molding has an oval cross-section so 
that the wires lie in a row parallel to 
each other. The size used on this job 
will hold only two wires, and had many 
sharp bends in it so as to follow the 
surface against which it was laid. 

Ordinary spring-steel, fish wire would 
not do for this job for it was too stiff 
to go around more than one or two 
bends. The conveyor wire while being 
sufficiently stiff to enable it to be pushed 
through the conduit, was nevertheless 
flexible enough to go around as many 
as four 90-deg. bends at one fishing. 

This conveyor wire is made by wind- 
ing steel wire in the shape of a spiral 
spring, and is about 4 in. over-all diam- 
eter. It is quite similar to the spring 
wire belts used on some fractional- 
horsepower drives, and is widely used 
in newspaper plants as a belt conveyor 
for carrying the printed papers from 
the presses to the mailing department. 
It is from this use that it gets its name 
of conveyor wire. 

Seeing this conveyor wire used for 
fishing through the flat metal molding 
mentioned above, suggested that it 
could be used to advantage for fishing 
through standard, rigid conduit. It will 
readily go through the smaller sizes of 
conduit and will go round sharp beds 
with ease. It is more easily carried 
around by the workmen as it can be 
rolled up into a small roll without dan- 
ger of kinking. This is more than can 
be said of regular fish wire. s 
New York, N. Y. A. J. W. 


Record Cards for Listing 
Power Drive Data 


HE need of keeping a record of 

motors and other power drive 
equipment is well recognized, but the 
means of doing so are not standard- 
ized and in many cases the methods 
used tabulate incomplete data which 
results in the files being much less 
valuable than they should be. 

The card shown in the accompanying 
illustration has been used with great 
success in our plant. The outstanding 
feature is the completeness of the 
record of all spare part information re- 
garding the drive. 

On the top line of the card are re- 
corded the name of the drive and the 


department in which it is located. Fol- 
lowing this is a place for the complete 
nameplate data of the motor. After 
this, spaces are provided for record- 
ing the rewinding data for the arma- 
ture, stator, and rotor as well as the 
data for making up or reordering slip- 
rings, commutators, field coils, brushes, 
and brush-holders for the particular 
motor in question. Note that in each 
case spaces are provided for each essen- 
tial part of the description required to 
make or order the desired part. 

Following the motor data, spaces are 
provided for recording the nameplate 
data of the control used with the motor. 
There are also spaces for recording all 
information necessary for reordering 
controllers, resistance, master switch 
and brake parts. 

The bottom part of the card is de- 


voted to miscellaneous parts of the- 


drive such as the pinion, pulley, bear- 


Here is a motor record card that 
gives a complete record of the 
motor and other parts of a power 
drive. 
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Tunns 
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ings, couplings, brake wheels, and the 
like. 

On the back of the card is a place 
for recording the loads as tested at 
various times. At the top is a place 
for indicating the sizes of instruments 
required, thereby saving time when- 
ever a test is to be run to check the 
loading of the motor. 

Chief Electrician, J. F. MURRAY. 


Follansbee Bros. Co., 
Toronto, Ohio. 


Correction in 
“Determining Power Factor 
with Watt-Hour Meters” 


TYPOGRAPHICAL error appeared 
in the article by C. Otto von 
Dannenberg under this head on page 
431 of the September issue of INDUS- 
TRIAL ENGINEER. A formula for power 


factor was given as follows: Power 
factor in per cent = 100 x & x 
VIX)“ = (1 + X). 

This formula should have read, 


power factor = 100 x 1 V[(1 + ) 
+ (1 + X*)).—Eprrors. 
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Saving $740 in 
Equipping Yard Locomotives 
With Electric Headlights 


T BECAME necessary to equip our 

two yard locomotives with electric 
headlights in order to operate them on 
night shift at the plant with which the 
writer is associated. Due to the fact 
that this night work is to continue only 
during the current year, we hesitated to 
purchase the usual steam turbine head- 
light generator, as the cost was rather 
high. Such a unit would cost about 
$400. 

The Electrical Department suggested 
the installation of a storage battery on 
each locomotive together with 6-volt 
headlights such as are used on auto- 
mobiles. This suggestion was adopted 
and the necessary material purchased. 
Two spare batteries were purchased; so 
it was a matter of only a few minutes 
to remove the used battery twice a week 
and replace it by one fully charged. 

A headlight was placed on each end 
of the locomotive. Double-filament 
lamps were used and connected so that 
when the front light is bright (32-cp. 
filament in use) the rear light is dim 
(2-cp. filament in use) and vice versa. 

It was found that the batteries gave 
bright illumination for a period of 
three nights, so the batteries are now 
changed twice a week—on Monday and 
Wednesday. The batteries are charged 
from a d.c., 110-volt exciter which oper- 
ates constantly in supplying field exci- 
tation for a large synchronous motor. 
A resistor is used to cut down the flow 
of current into the batteries. The 
entire cost of this installation was less 
than $60 for two locomotives. Turbine 
generator units would have cost at 
least $800 for the two locomotives; 
hence there was a saving of $740 
obtained in using the method described. 

CHARLES A. PETERSON. 


Chief Electrician, 
U. S. Gypsum Co., 
Alabaster, Mich. 


Layout of Panel to Control 
Two Generators 


HE recent installation of a new, 
engine-driven generator in our fac- 
tory power plant made necessary the 
construction of a special switchboard 
panel to accommodate both the new 
unit and the one it superseded. The 
old generator is now used as a stand-by. 
The. new unit is a 230-volt, 150-kw., 
direct-current Ridgeway generator of 
the three-wire type, whereas the old 
75-kw. generator is of the two-wire 
type. The difference in types of gen- 
erators made necessary the use of a 
three-pole, double-throw main switch 
with only two clips on the side which 
is connected to the old generator. The 
latter is protected by 400-amp. fuses, 
whereas the new generator is protected 
by an ITE circuit breaker of the three- 
coil type, the neutral calibration being 
125 to 175 amperes. Two conditions 
are responsible for this arrangement: 
First, the fact that the new unit re- 
quires a circuit-breaker having a range 
of 600 to 900 amp., which would be 
more than 50 per cent overload on the 
old set; second, the old unit is used 
so rarely as to make the matter of an 
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occasional blown fuse not objectionable 
from the standpoint of time lost or 
cost of fuses. 

The Weston voltmeter, 0 to 300 volts, 
and the two pilot lamps are protected 
by the same set of 3-amp. fuse plugs. 
The voltmeter is connected to a small, 
double-pole, double-throw knife switch 
which enables it to be transferred from 
one generator to the other as required. 
This arrangement also makes it possi- 
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Either generator can be cut into 
service by throwing the double- 
throw switch to the proper position. 
Inasmuch as the old two-wire gen- 
erator is run only infrequently, fuses 
are employed for overload protection. 
An ITE circuit breaker is used to pro- 
tect the new three-wire generator. 


ble for the generator voltage to be 
adjusted to its proper value before the 
main switch is closed. 

The voltmeter circuit for the new 
three-wire generator contains a West- 
inghouse drum-type voltmeter switch 
which makes it possible to read suc- 
cessively the voltage on each side of 
the neutral and across the outside 
mains. 

The Weston ammeter, 0 to 1,000 amp. 
capacity, is connected to a shunt, and 
is calibrated to read directly. Special, 
slotted terminals are used to connect 
the shunt in the main circuit. 

The circuit breaker alarm device 
described on page 37 of the January, 
1922, issue of INDUSTRIAL ENGINEER is 
connected as shown in the diagram. 

The switchboard panel is made up of 
four sections of 16-in. x 40-in. x 14-in. 
purple slate, mounted on angle irons 
which are bolted to projecting angles 
embedded in the floor. 

The cost of all the material used 
in the construction of the panel, includ- 
ing instruments, was $586.16. The 
labor cost was $70.43, which included 
laying out and drilling of the slate 
panels and angles, mounting and wir- 
ing of instruments, and erection of the 
board in the engine room. The field 
rheostats and old generator fuses are 
not included in the above cost of mate- 
rial because they were, in one case, on 
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hand, and in the other the new genera- 
tor rheostat was supplied with the unit. 


Asst. Chief Engineer, J. M. WALSH. 
Gurney Elevator Co., 
New York, N. Y 


European Practice in Laying 
Steel-Armored Cables 


ECENT discussions in INDUSTRIAL 
ENGINEER give the impression that 
underground, steel-armored cables are 
not widely used in American industrial 
plants. In Europe, however, it is gen- 
eral practice to use them on voltages 
up to 15,000, which is usually the high- 
est voltage to be found inside an indus- 
trial plant. 

In order to obtain good results from 
underground cables, great care should 
be given to the installation, which 
should preferably be done by an ex- 
perienced crew. The standard practice 
in Europe is to lay the cables in & 
trench 32 in. to 36 in. deep, and not 
less than 20 in. wide at the bottom. A 
layer of sand about 2 in. thick is first 
spread over the bottom of the trench, 
and the cables are then laid in and 
pulled straight by men placed at inter- 
vals. For long lengths of cable, this 
procedure requires a large number of 
men, but it has been found safer than 
mechanical methods of pulling for they 
usually endanger the life of the cable. 
After the cables are laid, a second 
layer of sand about 4 in. thick is placed 
over them. Bricks are then laid over 
the sand to indicate the presence of 
the cables and to prevent the workmen 
from injuring them when digging again 
later. The trench is then filled in. 

Sharp bends should be avoided and 
when changing direction the inside 
radius of the bend should not be less 
than 12 times the diameter of the cable. 
Underground cables should not be in- 
stalled during freezing weather, be- 
cause if they are subjected to cold the 
jute or impregnated paper, which 
forms the insulation, will crack and 
later cause breakdowns to ground. 

When two cables have to be joined to- 
gether, each end is stripped of all the 
insulation and brought into a cast- 
iron junction box. The conductors of 
the same polarity are joined by a 
copper sleeve and soldered. After the 
conductors are spread apart, the ends 
of the box are firmly tightened, and the 
box filled with insulating compound. 

In power houses and substations 
every cable terminal is provided with 
a cast-iron terminal box. The bare 
conductors are spread apart in the box, 
which is then filled with insulating 
compound, the leads coming out 
through porcelain insulators. 

Cable manufacturers give data which 
indicate the allowable load (in am- 
peres) for each type of cable according 
to its cross-section. When more than 
two cables are placed in the same 
trench it is advisable to decrease the 
rating in amperes given by the manu- 
facturer in the ratio of 1 to 0.75. 

If underground cables are properly 
handled, they will last for a long period 
of time. I have seen such cables, in- 
stalled in 1902, whose double steel tape 
had disintegrated by rust, but which 
were still giving service. 

: P. VAN HERK. | 
Bressoux, Liege, Belgium. N 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Worm Gear Speed Reducer 


NNOUNCEMENT is made by the 

William Ganschow Co., 18 N. 
Morgan St., Chicago, III., of improve- 
ments in the types of their fully-en- 
closed, worm gear speed reducers which 
have been placed on the market re- 
cently. Standard units are equipped 
with gears of special bronze which, it is 
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stated, give an increased load-carrying 
capacity. The worm is made of 31 per 
cent nickel steel, which is hardened and 
ground all over. 

Either ball or roller bearings can be 
fitted to the unit according to the serv- 
ice demands. The gear bearings are 
held in place by means of clamping 
plates, as in the duplex worm thrust 
bearing. The front radial worm bear- 
ing is free to float which compensates 
for expansion due to heat. The cast- 
iron housing forms an oil reservoir into 
which the gear dips. 


— — 


Self-Start Squirrel Cage Motors 


WO new, improved types of self- 

start, squirrel- cage, induction 
motors have been announced by the 
Imperial Electric Co., Akron, Ohio, 
after two years of intensive shop and 
field tests on them. 

According to the manufacturer, the 
high-torque, self-start motor, Type EH, 
will deliver 175 per cent of full-load 
running torque to start, which value 
will rise, after the motor begins to 
revolve, to a value approximating 250 
per cent. This motor will keep down 
the inrush of current at starting within 
the limits established by the National 
Electric Light Association and can, 
therefore, be installed and started 
across the line with enclosed, safety, 
hand-operated switches or with mag- 
netic switches actuated by push but- 
tons, float valves, pressure regulators 
and other similar devices. Sizes 
larger than 5 hp. have a double 
squirrel-cage rotor and are intended for 
installations requiring very high start- 
ing torque. 

The Type EN ‘self-start, normal- 
torque, squirrel-cage motor is designed 


to have a starting torque equal to that 
of a standard squirrel-cage motor con- 
nected to the highest tap on the com- 
pensator. The torque rises to a value 
in excess of 200 per cent of full load 
as the motor approaches its full speed, 
which characteristic is, according to the 
manufacturer, an improvement over 
self-starting motors whose torque 
drops off after the rotor starts to 
revolve. This type is especially adapted 
for installations requiring normal start- 
ing and high pull-out torques. 


— — 


Short-Center Belt Adjuster 


N pulleys with swinging arms 
and weights to provide a constant, 
uniform tension on the flat side of the 
belt are announced by The Medart Co., 
Potomac and De Kalb Sts., St. Louis, 
Mo., under the name of Medart Short- 
Center Belt Adjuster. This device is 
shown in the accompanying illustration. 
It also shows the method of applying 
pressure to the idler pulley which takes 
up the slack in the belt. 

The idler pulley may be equipped 
either with bronze bushings or anti- 
friction bearings. The pivot for the 
swinging arm may be adjusted. The 
idler pulley automatically swings be- 
tween the driving and the driven pulley 
and is placed so that it will wrap the 
belt around the pulley, and thereby in- 
crease the arc of contact. 

Some of the advantages claimed for 
this device are: elimination of belt slip- 
ping; increased life of belt; saving in 
floor space; the use of pulley ratios as 
high as 20 to 1 on short centers: and 
decrease of belt tension, with conse- 
quent reduction of bearing pressure. 
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Safety Lowering Switch 


A model safety lowering switch 
has been placed on the market by 
the Thompson Electric Co., of Cleve- 
land, Ohio. This device has been de- 
veloped for disccnnecting and lowering 
lighting fixtures that are located in 
places which are exceptionally dirty. 
It differs from previous models of the 
safety lowering switch, in that there is 
no external opening in the sheave 
housing to admit dirt or corrosive ele- 
ments. The galvanized sheave wheel is 
inserted through the side of the housing, 
making it easy of inspection without 
disturbing the installation in any way. 

Another ‘new feature is that provision 
is made whereby the conduit for inclos- 
ing the chain, and also the conduit for 
inclosing the wires, can be screwed 
straight into the sheave housing on the 


ceiling or girder line, thereby making 
the lowering switch an integral part of 
the conduit system. When placed at 
right angles to a line of conduit, as 
shown in the accompanying illustration, 
a T-shaped conduit fitting and a short 
nipple will serve to bring the wires into 
the hanger. 

Inclosing the chain in conduit is im- 
portant, for three reasons: First, the 
chain will be safeguarded against acci- 
dents from contact with belting or other 
moving apparatus, even though it ex- 
tends directly through a dangerous 
zone. Second, the chain will be pro- 
tected from corrosive elements. Third, 
it greatly improves the appearance of 
the installation. 

Use of this new model of lowering 
switch will naturally call for the use of 
the totally-inclosed corner pulley No. 
149, shown in the accompanying illus- 
tration, which provides for turning the 
direction of the chain through a right 
angle. 

— 


Sign Illuminator 


SIGN illuminator made entirely of 

cast aluminum alloy and designed 
to thoroughly illuminate a standard 
10-in. by 14-in. enameled sign, has re- 
cently been placed upon the market 
by the Nichols-Lintern Co., 7960 Lorain 
Ave., Cleveland, Ohio. This illumina- 
tor is particularly designed for use in 
industrial plants for illuminating 
danger signs. Although designed for 
a standard size of sign it can be readily 
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altered to illuminate signs of other 
dimensions. 

This illuminator is wired for two 
25-, 40-, or 50-watt lamps and throws a 
powerful beam of light through two 
4-in. clear convex roundels on to the 
sign beneath. Two red or yellow lenses 
are used on the front panel. These 


NO CLEARANCE 
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lenses serve to attract attention or 
catch the eye much quicker than the 
ordinary illuminated sign. 

It is dustproof and very rugged and 
the construction is such that the instal- 
lation and maintenance is simple. In 
changing lamps there are no screws to 
remove, as the lamps become accessible 
by merely pulling two pins which are 
fastened to a chain. It is drilled and 
tapped on each end for -in. conduit. 


— aa 


Steel Grating and Tread 


NEW steel grating and tread known 
as Tri-Lok has been put on the 
market for the Tri-Lok Company, 5527 
Butler Street, Pittsburgh, Pa. There 
are several distinguishing features to 
this grating. First, there is a right 
twist lock in every other bar. Bar 1 
in the accompanying illustration shows 
how this is done. On alternate bars 
there is a left twist as shown on bar 2 
of the accompanying illustration. Into 
these two reverse twists is forced a 
third bar, marked $ in the accompany- 
ing illustration, by a 1,600-ton hydraulic 
press. This action locks the bars to- 
gether as shown in the lower part of 
the illustration. 
Another interesting feature is that 
there are no acute angles formed by the 
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bars with the result that there is a 
maximum of ventilation and light, a 
total of 90 per cent of the area covered 
being open. Inasmuch as there are no 
rivets or bolts the manufacturer states 
that this grating, therefore, cannot 
loosen. 


Universal Hydraulic Variable 
Speed Gears 


NNOUNCEMENT is made by the 
Waterbury Tool Co., Waterbury, 
Conn., of the application of the Uni- 
versal hydraulic, variable-speed gear 
to industrial service. This unit has 
been in use for a number of years for 
various purposes in the U. S. Navy. 
Recently attention has been given to 
the application of these drives on paper 
mills and other industrial equipment. 

The Universal hydraulic, variable- 
speed gear, is, according to the manu- 
facturer, a machine for transmitting 
rotary power at variable speeds and 
in either direction without stops or 
abrupt gradations while the source of 
power rotates continuously in one di- 
rection without any necessary change 
of speed. This source may be an en- 
gine, motor, shaft, or other rotating 
mechanism from which it is desired 
to transmit power. Oil is used as the 
medium through which power is trans- 
mitted. 

The machine, a cross-section of which 
is shown in the accompanying illustra- 
tion, consists of two separate units des- 
ignated respectively as the A end and 
the B end. The A end is an oil pump 
operated by the driving power. Its 
function is to deliver oil to the B end 
at any required pressure and to receive 
it back again, thus keeping up an oil 
circulation. The A end contains a con- 
trolling device by which the quantity of 
oil delivered to the B end is regulated 
to a the speed requirements of the B 
end. 

The driven shaft, at A end, is sup- 
posed to rotate continuously in one 
direction, which may be either right- 
hand or left-hand. The B end is a 
hydraulic motor with its rotating parts 
very similar to those of the A end. In 
its capacity as a motor, its shaft rotates 
at any speed and in either direction in 
obedience to the quantity and direction 
of delivery of the oil it receives from the 
A end. The device is made in five 
sizes with working ratings of 15, 30, 50, 
100, and 200 hp. 
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Variable Speed Reducing Unit 


O MEET the increasing demand for 

variable-speed drives for conveyors, 
cement mills, machine tools and other 
machinery requiring adjustment of 
speed, William E. Simpson, of Highland 
Park, Mich., is putting on the market 
a new line of speed reducers which em- 
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body, in a single compact unit, a 
variable-speed drive. 

Each unit comprises two reductions 
only, the first being a modified worm 
movement with variable ratio, and the 
second a train of heavy spur gearing 
adapted to take the heavy torque and 
shocks of the slow-speed end. 

It is stated by the manufacturer that 
these reducers will operate silently and 
efficiently at motor speeds up to 3,600 
r.p.m. and that the ratio can be readily 
adjusted from 10:1 to 1,000:1. 


Utility “Motor-It” Speed Reducer 
Unit Drive 


NIT drives which contain the 
motor, flexible coupling or clutch, 
and a speed reducer so designed and 
mounted as to facilitate their attach- 
ment to machines, are being marketed 
by the Utility Manufacturing Co., 
Cudahy, Wis., under the trade name of 
“Motor-It.” For continuous operation, 
a clutch is supplied. For short, inter- 
mittent operation a disk clutch, oper- 
ated by means of a foot lever, is used 
for connecting the motor to the speed 
reducer, as is shown in the accompany- 
ing illustration. For longer, intermit- 
tent operation, an expanding-type 
clutch is used. An 1,800-r.p.m. motor, 
clutch and reduction gear are standard 
equipment. The motor is supplied in 
3-, J-, 2-, 1-, 14-, and 2-hp. sizes. 
Reduction gears of any specified ratio 
may be obtained. Speed reduction is 
obtained by means of a worm and a 
wheel or spiral gear. Either roller or 
ball thrust bearings are used. It is 
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stated that these units can be applied to 
any type of machine now driven by 
means of a belt or gear. The Motor-It 
unit can be put on the shaft in place of 
the tight and loose pulley or clutch, as 


the unit is bored to fit the customer’s 
shaft. The gear set is completely en- 
closed and the entire unit is mounted on 
a cast base. 

——$< 


Variable-Speed Transmission 


NNOUNCEMENT is made of the 

development and manufacture by 
the Columbia Vari-Speed Co., 4020 Lake 
Street, Chicago, Ill., of a new type of 
mechanical, variable-speed transmission 
known as the JFS Variable Speed 
Transmission Unit. It consists of a 
high-grade roller bearing totally en- 
closed in a cast-iron housing and run- 
ning in oil. To obtain a variable ratio 
of speed between the elements of the 
bearing, the rollers are given an un- 
usual shape and provision is made for 
shifting the relative position of the 
races. 

Power is transmitted through this 
unit by friction between extremely 
hard metal surfaces bearing against 
each other under high pressure. The 
operation as given by the manufacturer 
is as follows: The vital parts consist 
of three rollers (designated by A in the 
sectional view in the accompanying 
illustration) rolling around the outside 
of the two inner races D, and around 
the inside of the two outer races B and 
C. The inner races are rotated by the 
input shaft S, while the outer races are 
held from rotating. The rollers are, 
therefore, caused to move in planetary 
fashion around the axis of the machine, 
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and at a slower speed than that of the 
inner races. Each roller is mounted in 
a yoke G which in turn is mounted on 
the spindle M. The spindle is thus 
pulled around by the rollers and rotates 
the output shaft R to which it is keyed. 
The number of revolutions which the 
input races must make to cause the 
rollers to make one complete circuit 
depends on where the points of contact 
occur between the rollers and races. 
These may be shifted at will by rotating 
the handwheel, which varies the ratio 
of speed between the input and output 
shafts. Lubrication of moving parts is 
obtained by a splash system. 

This unit is manufactured in two 
types. Type R variable-speed trans- 
mission gives a minimum speed reduc- 
tion of 9:1 with a maximum variation 
of 5:1. For example, if the unit is con- 
nected to an 1,800-r.p.m. motor, the 
output shaft will have a maximum 
speed of 1,000 r.p.m., and a minimum 
speed of 200 r.p.m., and any speed ratio 
desired between these limits. Where 
a greater average reduction is desir- 
able, the Type RG unit is used, which 
has a 5:1 planetary gear built into the 
output end of the unit. This gives an 
additional reduction of 5:1, so that if 
driven by an 1,800-r.p.m. motor, the 
range of output speeds would be from 
200 r.p.m. down to 40 r.p.m. These 
units are manufactured in capacities up 
to 7% hp. at present. 

It is stated that the construction is 
such that units which have been in 
operation for a considerable length of 
time show no evidence of wear on the 
races or rollers, due to the fact that an 
especially hard metal is used for these. 
The output shaft may be direct-con- 
nected to the machine and driven by the 
use of a flexible coupling or through a 
belt, chain, or gear drive. In the 
latter cases an outboard bearing is 
furnished with the reducer. If the unit 
is mounted overhead where it is not 
convenient to get at the control wheel, 
it may be placed at any desired point 
and connected to the unit by a chain 


and sprocket. 
— 


Worm Gear Speed Reducer 


NNOUNCEMENT is made by the 
Philadelphia Gear Works, Rich- 
mond and Tioga Sts., Philadelphia, Pa., 
of the marketing of the Type AX worm 
gear speed reducer shown in the ac- 
companying illustration. The construc- 
tion, as described by the manufacturer, 
is as follows: The worm is made from 


8 
N 
N 


D 


Vol. 84, No. 10 


low-carbon, nickel-alloy steel forged in- 
tegral with its shaft. The worm threads 
are hardened and ground and the worm 
shaft is mounted on ball bearings for 
taking thrust in both directions, as well 
as radial loads. The worm gear is made 
of steel cast bronze shrunk and securely 
fastened to cast iron spider. The worm 


wheel shaft is made of nickel-alloy 
steel, heat-treated and ground, and the 
no-load end is mounted on a double- 
row ball bearing for taking thrust in 
both directions. The load end of the 
worm wheel shaft is mounted on a 
Norma Hoffman roller bearing which is 
designed to compensate for overhung 
loads such as pinion, pulley, or sprocket 
drive, thus eliminating the necessity of 
providing an extension on the worm 
wheel shaft for an outboard bearing 
support. 
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Manufacturers of 
Power Transmission Equipment 
Form Association 


TAF Survey Committee appointed 
at a meeting of belting, transmis- 
sion and accessory manufacturers, held 
in Cleveland on June 10th, met at the 
Old Colony Club, Waldorf-Astoria, New 
York, on September 14th with prac- 
tically a full committee present. Re- 
ports of the Chairman and Secretary 
indicating a great deal of interest in 
the proposed movement were submitted, 
and the matter of further procedure 
was taken up in considerable detail. 

As the result of considerable investi- 
gation by the Chairman and Secretary, 
suggestions were made to the Commit- 
tee that instead of the preliminary sur- 
vey that was to be made in accordance 
with the decision reached at the Cleve- 
land meeting, it would be better to lay 
the groundwork at this time for an 
Association, making at the same time 
a survey which would determine the 
procedure to be followed upon the final 
organization of the Association, and 
then when such an organization is 
formed, to establish a Research Bureau 
and proceed along the lines laid down 
by the Organization Committee. 

The matter of securing additional 
memberships was thoroughly discussed 
and the Organization Committee de- 
cided to constitute themselves a com- 
mittee of the whole on membership, the 
secretary to furnish each member with 
a list of logical prospects in his terri- 
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tory. In this way everyone interested 
in such a movement, would be ap- 
proached and informed fully as to the 
objects and purposes of the Association. 

The Chairman was instructed by the 
full committee present, to appoint a 
sub-committee to report to the full 
committee on a name and outline the 
objects of the Association. The follow- 
ing members were appointed on this 
committee: 

Geo. H. Fisher, Pres. Fisher Leather 
Belting Co., Philadelphia, Pa., chair- 
man; Edward H. Ball, Pres. Chicago 
Belting Company, Chicago, III.; Wylie 
K. Lee, Pres. Clipper Belt Lacer Com- 
pany, Grand Rapids, Mich.; F. E. Barth, 
Genl. Sales Mgr. Graton & Knight Mfg. 
Co., Worcester, Mass.; C. M. Murray, 
Pres. Transmission Ball Bearing Co., 
Buffalo, N. V.; W. H. Fisher, Secy. and 
Sales Mgr. T. B. Wood's Sons Co., 
Chambersburg, Penna., Ex officio; W. W. 
French, Sales Promotion Manager 
Dodge Manufacturing Corp’n, Misha- 
waka, Ind., Ex officio. 

This committee reported very favor- 
ably on the name, “Power Transmission 
Association,“ which was adopted. 

The objects of the Association are: 
To promote the most efficient and eco- 
nomical distribution of power; to make 
a scientific study of all engineering 
problems connected with the transmis- 
sion of power; to accumulate and com- 
pile accurate and authoritative infor- 
mation regarding the most economical 
and efficient power transmission meth- 
ods and to place this information at 
the disposal of all power users through 
the members of this organization and 
through planned publicity; and to fur- 
ther the interests of affiliated manufac- 
turers and their distributors making 
and handling power equipment. 

The committee considered several 
propositions submi‘ted to it bearing on 
the subject of making the survey, and 
it was decided to work this out further 
for submission at a gereral meeting, 
which was tentatively set for November, 
the exact date to be decided upon and 
announced later. 

An aggressive attempt is being made 
to add many more firms to the list of 
about 80, who have contributed to the 
Association work up to the present 
time. The list of members is as fol- 
lows: 

T. B. Wood's Sons Co.; Medart Company: 
Moloney Belting Co.; Hans Rees’ Sons: 
Page Belting Co.; E. F. Houghton & Co.; 
Rockwood Mfg. Co.; U. S. Leather Co.; 
Alexander Brothers; I. B. Williams & Sons; 
Graton & Knight Mfg. Co.: Clipper Belt 
Lacer Co.; American Pulley Co.; Bond 
Foundry & Machine Co; Royersford Foun- 
dry & Machine Co.; A. & F. Brown Co.; 
Security Rubber & Belting Co.; Chas. Bond 
Co.; Valley Iron Works; Standard Pressed 
Steel Co.: F. Raniville Co.; Shingle-Gibb 
Leather Co.; Transmission Ball Bearing 
Co; O'Meara Belting Co.: Meier-Andress 
Belting Co.; Ohio Valley Pulley Works; 
Fensholt & Fechner Co.; Baltimore Belting 
Co.; Bonner & Barnewell, Inc.; Chicago 
Belting Co.; Pyott Foundry Co.; Bay State 
Belting Co.; Kistler, Lesh & Co.; Cling- 
Surface Co; Schwartz Belting Co.; L. P. 
Degan Belting Co.; H. N. Cook Belting Co.: 
Holyoke Belting Co.; Chicago Pulley & 
Shafting Co.; J. A. Webb Belting Co.; 
Whiting Leather & Belting Co.; McAdoo & 
Allen; E. P. Alexander & Son; Fisher 
Leather Belting Co.; Plant Co.: Brown 
Clutch Co.; W. H. Salisbury & Co., Inc.; 
McLeod Leather & Belting Co.; Eagle Belt- 
ing Co.; Eclipse Wood Pulley Co.; Me- 
Cauley Belting Co.; Saginaw Mfg. Co.; 
California Belting & Supply Co.; Klinger- 
Dills Co.: Baldwin Belting & Leather Co.: 


Chicago Rawhide Mfg. Co.; Detroit Belt 
Lacer Co.; Bickford & Francis Belting Co.: 
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Byrnes Belting Co.; Grand Rapids Belting 
Co.: Hide Leather & Belting Co.: Hudson 
Belting Co.; Chas. L. Ireson, Inc.; Jewell 
Belting Co.; Johnson Leather Belting Co.; 
Edward R. Ladew Co., Inc.; Laurence 
Belting Co.; Missouri Belting Co.; New 
York Leather Belting Co.; Norwich Belt 
Mfg. Co.; N. Palmer & Co.; Geo. Rahmann 
& Co.; J. E. Rhoades & : Chas. A. 
Schieren Co.: Schwartz : 
Schultz Belting Co.; Union Belt Co.: Hyatt 
Roller Bearing Co.; Bay Belting & Supply 
Co.; Sawyer Leather Belting Co. 


Owing to the fact that funds solicited 
by the committee in the first instance 


were for the definite purpose of making. 


a survey, it was decided that a complete 
explanation of the purposes of the 
Association and the new measures pro- 
posed by the committee, would be sent 
out to the membership at once and their 
permission asked to follow the new 
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course of procedure, rather than the one 
first decided upon. 

Much enthusiasm was manifested 
over the work so far accomplished and 
W. H. Fisher, the Chairman, pointed 
out that with the membership already 
enrolled, plus the members of the 
Leather Belting Exchange, who have 
endorsed the movement and decided to 
go in as a body, the membership would 
be about 100; this, however, is not con- 
sidered enough to insure the success of 
the Association in the rather extensive 
program mapped out, and the Commit- 
tee will undertake to increase this num- 
ber further before the general meet- 
ing, to which all those interested in the 
movement and who have contributed, 
will be invited. 


Trade Literature 


you should know about 


Copies 


of literature which is described on this page can be 


obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Dead-Ending Clamp—Bulletin 101 de- 


scribes screw-jack dead-ending clamps 
for stranded cable and illustrates a 
number of installations.— The Clark 
Controller Co., 1146 E. 152nd St., Cleve- 
land, Ohio. 


Belt-Slacker — Helpful data to the 
engineer on the application and instal- 
lation of this device on short center 
belt drives is given in leaflet Form 
B-28.—Harry M. Perry, 702 Main St., 
Los Angeles, Cal. 


Leather V-Belt Drives A circular 
shows the principles involved in Graton 
& Knight leather V-belt drives, and 
also illustrates various applications of 
such belts made by this company.— 
Graton & Knight Co., 356 Franklin St., 
Worcester, Mass. 


Speed Reducers—A new catalogue 
describes the complete line of Philadel- 
phia worm gear herringbone and spiral 
bevel herringbone speed reducers in any 
ratio for giving straight-line, right- 
angle, or vertical drives.—Philadelphia 
Gear Works, Richmond and Tioga Sts., 
Philadelphia, Pa. 


Portable Elevator — Bulletin 90F 
shows how the portable elevators can 
be mounted and used for stationary 
work.—Revolvator Co., 336 Garfield 
Ave., Jersey City, N. J. 


Speed Transformer—Bulletin 105 de- 
scribes the Poole type H speed trans- 
former. Bulletin 106 describes and il- 
lustrates the Poole type K speed trans- 
former.—Poole Engineering & Machine 
Co., Baltimore, Md. 


Flexible Coupling—Bulletin 107 illus- 
trates and describes the-various types 
of Poole flexible couplings, which can 
be used for continuous or reversing 
service at high or low speeds. Bulle- 
tin 108 describes in detail the various 
parts of the Poole flexible couplings.— 
Poole Engineering & Machine Co., Bal- 
timore, Md. 


Grease—A 28-page booklet entitled, 
“Densities and Uses of Keystone 
Grease,” contains an application chart 
which gives a partial list of machinery 
lubricated with Keystone grease and in- 
dicates the methods of application as 
well as the recommended densities.— 
Keystone Lubricating Co., Philadelphia. 


Lubricator—An 8-page booklet de- 
scribes the Knorr lubricator, which is 
designed to feed grease automatically 
to the shaft while it is in motion.— 
Knorr Lubricator Sales Co. of New 
England, 80 Federal St., Boston, Mass. 


Belt Dressing—A 16-page booklet en- 
titled, “The Proper Care of Belts,“ dis- 
cusses belts and their care, and de- 
scribes the various Dixon belt dressings, 
with their application—Joseph Dixon 
Crucible Co., Jersey City, N. J. 


Carbon Products—Catalog B-4 is a 
40-page, loose-leaf, pocket-size catalog 
of carbon brushes, and contains a de- 
scription of each type and listing of 
sizes, together with directions for order- 
ing brushes.—The United States Graph- 
ite Co., Saginaw, Mich. 


Are Welding Unit—Bulletin GEA-9 
describes the gas-engine-driven type of 
are welding units and Bulletin GEA- 
255, the stationary or portable, belt- or 
motor-driven arc welding units.—Gen- 
eral Electric Co., Schenectady, N. Y. 


Power Drive Data—An attractive, 
leather-bound booklet, vest pocket size, 
entitled “Guide Book of Drives,” has 
just been published by the Link-Belt Co. 


This little volume gives a description 


of chain drives in general; chains com- 
pared with belts; the use of low- and 
medium-speed drives; roller chain 
drives; silent chain drives, including 
tables for use in ordering chains from 
1- to 1,000-hp. rating at high speed; 
gear drives; belt drives; and simple 
arrangements for compound drives.— 
Link-Belt Co., 910 S. Michigan Ave., 
Chicago, III. 
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Drop Light—A folder describes the 
Triplex adjustable roller drop light and 
the Triplex drop extension light.—I. T. 
Gray & Co., 522 Fifth Avenue, New 
York, N. Y. 


Portable Electric Drills—A new cata- 
logue describes the various sizes and 
types of Wodack portable electric drills. 
—Wodack Electric Tool Corp., 23 So. 
Jefferson St., Chicago, III. 


Micarta—A 24-page booklet, entitled 
“A Material of Endless Possibilities,” 
contains information about this mate- 
rial and the many uses to which it has 
been put and indicates the possibilities 
for other applications. - Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 


New Substation— Bulletin 2056 de- 
scribes and shows the layout of the new 
Pittsburgh Transformer Company’s 
substation at their Manchester plant.— 
Pittsburgh Transformer Co., Pitts- 
burgh, Pa. 


Welding and Cutting Equipment— 
A 32-page, pocket-size junior catalog 
illustrates, describes briefly, and prices 
the various welding and cutting equip- 
ment manufactured by this company.— 
Smith Welding Equipment Corp., 2619 
Fourth St., S. E., Minneapolis, Minn. 


Heating Units— Bulletin C-106 illus- 
trates and describes Chromalox heating 
units, and gives tables useful in their 
application. Booklet C-105 shows many 
applications where Chromalox heating 
units can be used. — Edwin L. Wiegand 
Co., 422 First Ave., Pittsburgh, Pa. 


Power Transmitting Appliances 
Catalog 4 lists, describes, and prices 
the various hangers, bearings, counter- 
shafting supplies and other equipment 
manufactured by this company.— 
Standard Pressed Steel Co., Jenkin- 
town, Pa. 


Oil Purification—A circular describes 
the De Laval method of purifying 
transformer and switch oil, and shows 
views of various installations of pur- 
ifying equipment.—The De Laval Sepa- 
ge Co., 165 Broadway, New York, 


Portable Saw Table—A folder illus- 
trates and gives the advantages claimed 
for the new portable table-mounted 
Wonder Saw which is designed for 
either electric or gasoline motor drive. 
—St. Louis Machine Tool Co., 1429 Pine 
St., St. Louis, Mo. 


Gas Welding and Cutting Apparatus 
—Catalog 40 illustrates, describes, and 
prices the wide range of welding and 
cutting torches, attachments and regu- 
lating equipment manufactured by this 
company. — The Bastian-Blessing Co., 
240 E. Ontario St., Chicago, III. 


Push Button Magnet Controller 
A folder illustrates, describes, and gives 
the advantages claimed for the Ohio 
magnet controller and master switch 
for use in connection with the rapid 
operation of electromagnets. A limited 
reverse current applied automatically, 
it is stated, causes the magnetism to 
drop to zero and the load to drop 
promptly.—The Ohio Electric & Con- 
troller Co., 5900 Maurice Ave., Cleve- 
land, Ohio. 
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Air Hoists—A 16-page booklet illus- 
trates a large number of applications 
of the Turbinair portable hoists of 1-ton 
capacity.—Sullivan Machinery Co., 122 
S. Michigan Ave., Chicago, III. 


Cast-Iron Pulleys—A circular de- 
scribes the qualities elaimed for Pyott 
Red Face cast-iron pulleys and fly- 
wheels.—Pyott Foundry Co., 328 N. 
Sangamon St., Chicago, III. 


Copper Covered Wire—A folder gives 
engineering data and wire tables on 
the use of Copperweld non-rusting guy, 
messenger, and span wire.—Copperweld 
Steel Co., Braddock P. O., Rankin, Pa. 


Motor and Wire Data—A celluloid 
pocket card gives the ampere ratings of 
a.c. and d.c. motors at full load and also 
the allowable carrying capacities of 
wire.—Monitor Controller Co., Balti- 
more, Md. 


Transformer Data—No. 8 of a series 
of data sheets discusses, “How to De- 
termine the Proper Marking of Three- 
Phase Transformers,” with special ref- 
erence to Moloney transformers.— 
Moloney Electric Co., St. Louis, Mo. 


Aluminum Paint—A booklet entitled, 
“Bitulumin,” discusses aluminum paints 
and metal primers in the form of 77 
technical questions with their non- 
technical answers.—Hill, Hubbell & Co., 
San Francisco, Calif. 


Variable Speed Blower—Bulletin 36 
contains numerous examples of installa- 
tions of Wing Type EM variable-speed 
blowers for connection to heating equip- 
ment.—L. J. Wing Mfg. Co., 352-362 
13th St., New York, N. Y. 


Traveling Cranes—Bulletin 176 gives 
the standard building clearances for 
Whiting overhead electric traveling 
cranes.—Whiting Corp., Harvey, III. 


Motors—New price lists give descrip- 
tive information and prices on Type 
RS repulsion-start, induction, single- 
phase motors and Type SC squirrel- 
cage induction polyphase motors.—Cen- 
tury Electric Co., 1806 Pine St., St. 
Louis, Mo. 


Concrete Floor Treatment — Folder 
No. 1 contains a complete description 
and detailed specifications of treatments 
for hardening, dustproofing, and water- 
proofing concrete floors. These speci- 
fications are in loose-leaf form, mounted 
in a binder. The general index covers 
integral hardeners, surface hardeners, 
concrete coatings, concrete accelerators, 
and freeze-proofers. — The Master- 
Builders Co., Cleveland, Ohio. 


Molybdenum Ball Bearings — An 
8-page folder entitled “Molybdenum 
Means More Life in Em,“ discusses the 
development and use of molybdenum 
steel for SRB forged balls in single- 
and double-row angular ball bearings. 
—Standard Steel & Bearings Co., Inc., 
Plainville, Conn. 


Mechanical Rubber Goods—A series 
of booklets bound in a loose-leaf folder 
describe Goodrich rubber belting, trans- 
mission belting, conveyor -belting, air 
and other hose and other mechanical 
rubber products and give applications 
and operating data.—The B. F. Good- 
rich Rubber Co., Akron, Ohio. 


Vol.84, No.10 


Starting Switch—Bulletin 105 de- 
scribes the Clark starting switch which 
is designed to start and stop small 
induction motors that require a full 
load current of 34 amp. or more.—The 
Clark Controller Co., 1146 E. 152nd St., 
Cleveland, Ohio. 


Hand Truck—A 20-page, pocket-size 
catalog describes and illustrates the 
line of two-wheel pressed-steel hand 
trucks which are made up in nine dif- 
ferent styles in 25 sizes, covering the 
ordinary hand truck requirements.— 
The American Pulley Co., 4200 Wis- 
sahickon Ave., Philadelphia, Pa. 


Porcelain Insulators—A monthly pub- 
lication entitled, “Thomas Topics,” is 
devoted to descriptions of various 
Thomas porcelain, insulating products 
and other interesting information.—The 
R. Thomas & Sons Co., East Liverpool, 
Ohio. 


Centrifugal Drive—Circular GEA-302 
illustrates, describes and gives the 
operating characteristics of the G-E 
vertical, variable-voltage, direct-con- 
nected, squirrel-cage motor for cen- 
trifugal drives.—General Electric Co., 
Schenectady, N. Y. 


Texrope Drive—Bulletin 1228-D de- 
scribes the application and shows illus- 
trations of a number of applications 
of the Allis Texrope drive, which con- 
sists of a textile base, multiple belt, 
operating in grooved sheaves for close- 
center drive.—Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 


Power Transmitting Appliances — 
Catalog G contains 288 pages and 
covers the complete line of power-trans- 
mitting appliances, ball and roller bear- 
ings, conveying and elevating ma- 
chinery, and miscellaneous factory 
equipment manufactured and distrib- 
uted by this eompany.— Chicago Pulley 
& Shafting Co., 17-23 N. Desplaines St., 
Chicago, III. 


Safety Switches -A monthly house 
organ entitled, Trumbull Cheer,“ 
describes Trumbull equipment and up- 
to-date installations, and contains other 
interesting information.— The Trumbull 
Electric Mfg. Co., Plainville, Conn. 


Condulet Branch Extensions—Bul- 
letin 2087 describes the OCB Condulet 
Branch Extensions which provide a 
means for making extensions to exist- 
ing conduit installations by bridging 
from one condulet to another through 
the cover opening, thereby making it 
unnecessary to alter or cut into the 
existing conduit line. — Crouse - Hinds 
Co., Syracuse, N. Y. 


Power Transmission Equipment — 
Catalog 26, which is printed in three 
sections, covers the line of power trans- 
mission equipment manufactured by 
this company. Section A is on flexible 
couplings; section B covers the applica- 
tion of clutch pulleys, cut-off couplings, 
and related equipment; section C covers 
rope drives, gears, speed transformers, 
and contains a large amount of useful 
engineering information. — The Hill 
Clutch Machine & Foundry Co., North- 
east Corner Breakwater Ave. & West 
55th St., Cleveland, Ohio. 
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The delta connec- 
tion is used on 
both the high and 
low tension sides. 


Connecting Transformers to 


Three-Phase 


RANSFORMERS are an in- 
herent necessity in the trans- 
formation of power so that it 

can be safely and economically used 
throughout the industrial plant. Be- 
cause the transformer performs its 
duty without motion of its operat- 
ing parts, it is often thought of as 
being of lesser importance in the 
problem of supplying power to the 
individual machine in the plant. 
However, the transformer is to the 
potential of electric power what the 
speed reducer, chain, or belt is to 
rotary motion. When consideration 
is given to the amount of power that 
can be handled by the transformer 
as compared to the usual types of 
speed reducers, chains or belts, the 


Circuits 


By L. F. GOSS 
Chief Engineer, Kuhlman Electric Co., 
Bay City, Mich. 


importance of the transformer in 
the industrial power problem is more 
easily grasped. 

Transformers of present-day manu- 
facture have very reliable and efficient 
performance. To the man buying or 
operating industrial transformers, 
ever-present problems are: What 
manner of transformer connections 
will best fit the requirements? How 
may transformers be operated in 
parallel? Factors that should be 
considered in the purchase of a 
transformer. Considerations affect- 
ing transformer efficiency, regulation 


and power factor. With these points 
in view, this article has been pre- 
pared to present, briefly and concisely, 
data that will aid the purchaser or 
operator of transformers, 

In deciding the question of what 
method of transformer connection 
will best fit the operating conditions 
of the plant, probably the best 
method of approach is to consider 
the advantages and disadvantages of 
the more common forms of connec- 
tion. 

The connection that is most com- 
monly used is the delta-delta, in 
which both the high-tension and low- 
tension sides of the transformer are 
each connected in series with each 
other or what is commonly known as 
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delta, as shown in Fig. 1. This con- 
nection is widely used for moderate 
transmission voltages. The reason 
that this method of connection is 
commonly preferred in industrial 
plants is given in (1) and (2) below: 


ow tension | 


Fig. 1—Delta-delta connection of 
three single-phase transformers for 
three-phase service. 


Advantages—(1) If one phase on 
either side becomes faulty, the remain- 
ing two phases can be operated in 
open-delta or V to give a three-phase 
output equal to 58 per cent of the 
total normal output. If, however, a 
number of delta-delta units or banks 
operate in parallel, the advantage as 
regards total output becomes less as 
the number of units or banks increase, 
since the sound banks do not supply 
their normal rated full load under these 
conditions. 

(2) The delta-delta connection is the 
most economical connection for large- 
output, low-voltage transformers. 

(3) Third harmonic voltages are 
eliminated by circulation of third har- 
monic currents in the deltas. 

(4) It is one of the easiest connec- 
tions to phase in for parallel opera- 
tion. 

(5) With balanced line voltages, no 
part of the windings can normally be 
at any excessive potential above ground, 
unless due to static charges. 

(6) Large unbalanced three-wire 
loads may be given which only pro- 
duce unbalanced voltages proportional 
to the internal impedances of the 
winding. 

(7) In the case of three-phase, core- 
type units, if one phase should fail, due 
to an open circuit or low-tension ground 
only, both its primary and secondary 
windings must be disconnected from 
the other two phases and the sound 
winding (i.e. primary or secondary) of 
the faulty phase must be _ short-cir- 
cuited. If the fault is due to a short- 
circuit betwen turns, however, the 
transformer should not be operated in 
V, as the damage is likely to extend 
to adjacent coils and possibly to the 
adjacent phase. 

(8) If one phase of a three-phase 
shell-type transformer should fail, both 
the primary and secondary windings 
must be disconnected from the other 
two phases and the sound winding (i.e. 
primary or secondary) of the faulty 
phase must be short circuited. 

(9) If one phase of three, single- 
phase, core- or shell-type units fails, 
the defective unit is simply discon- 
nected and removed. 

(10) Any three similar single-phase 
units may be connected delta-delta to 
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form an emergency bank, providing 
their voltage ratios are the same. 


Disadvantages—On the other hand 
the disadvantages of the delta-delta 
connection are the following: 


(1) The copper section of both pri- 
mary and secondary conductors is a 
minimum, the number of turns and 
total quantity of coil insulation per 
phase is a maximum, producing there- 
fore a low copper factor and generally 
the least mechanically sturdy winding. 

(2) No neutral points are available 
unless additional auxiliary apparatus 
be provided. 

(3) A four-wire supply cannot be 
given unless additional auxiliary ap- 
paratus be provided. 

(4) Three-phase units or banks of 
opposite polarity will not operate in 
parallel unless the meshing of either 
the primary or secondary phases of one 
transformer or bank be reversed. 

(5) Coil construction difficulties are 
greater and costs are higher with high 
line voltages. 

(6) Under normal operating condi- 
tions, the maximum pressure to ground 
on each phase is 58 per cent of the 
line voltage, the minimum pressure is 
29 per cent and the average is 43.5 per 
cent. Insulation stresses are, therefore, 
somewhat higher than with the star 
connection. 

(7) While theoretically it is possible 
to operate three-phase, core-type units 
in open delta with one phase damaged, 
it is very seldom practicable to do so. 

(8) If the voltage ratios of the indi- 
vidual units of three single-phase core 
or shell type units are different, circu- 
lating currents will flow in the primary 
and secondary windings, the current 
being limited only by the impedance of 
the windings. 

(9) If the impedances of these indi- 
vidual units are different, the load dis- 
tribution between the units will be 
unequal. 


In the star-star connection which 
is shown in Fig. 2 one lead of each 
high-tension winding is connected 
together to form a common or neu- 
tral point; the same is true of the 
low-tension windings. This type of 
connection has advantages which are 
listed in the following: 

Advantages—(1) The cross section 
of both primary and secondary conduc- 
tors is a maximum, the number of 
turns and total quantity of coil insula- 
tion per phase is a minimum, produc- 


ing therefore a high copper factor and 
mechanically sturdy windings which 


Low tension 


Fig. 2—This is a star-star connec- 
tion of transformers. 
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are best able to withstand heavy ex- 
ternal shórt circuits. 

(2) It is the most economical con- 
nection for small output, high-voltage 
transformers. : 

(3) Both neutrals are available for 


3 — Connection scheme for 
transformers connected in star- 
delt a. 


Fig. 


grounding or for giving a balanced 
four-wire supply. 

(4) It is one of the easiest connec- 
tions to “‘phase-in” for parallel opera- 
tion. 

(5) Due to the relatively large con- 
ductors, the electrostatic capacity be- 
tween turns is high, so that the severity 
of the stress, due to transient voltage 
waves striking the windings, is les- 
sened considerably. 

(6) If one phase on either side be- 
comes faulty, the remaining two phases 
can be operated to give a single-phase 
transformation. The load supplied 
would be 58 per cent of the normal 
three-phase rating. 

(7) If one phase of a three-phase, 
core-type unit fails, both its primary 
and secondary windings must be dis- 
connected from the other two phases 
and the sound winding (i.e. primary or 
secondary) of the faulty phase must 
be short circuited. Under normal op- 
erating conditions, the maximum pres- 
sure to ground on each phase is only 
58 per cent of the line voltage, the pres- 
sure grading down practically to zero 
at the neutral point. The average 
pressure to ground is 29 per cent of 
the line voltage. Insulation stresses 
are consequently a minimum. Third 
harmonic voltages are negligible, as a 
rule not exceeding 5 per cent of the 
fundamental. Either or both neutrals 
may be grounded. 

(8) If one phase of a three-phase, 
shell-type unit fails, both its primary 
and secondary windings must be dis- 
connected from the other two phases 
and the sound winding (i.e. primary 
and secondary) of the faulty phase 
must be short-circuited. Under nor- 
mal operating conditions, the maximum 
pressure to ground on each phase is 
58 per cent of the line voltage, the pres- 
sure grading down practically to zero, 
only provided the magnetic flux den- 
sity does not exceed the value obtain- 
ing at the commencement of the “knee” 
bend of the B. H. curve. Either or 
both neutrals may be grounded only if 
the flux density value is in accordance 
with the foregoing. 

(9) If one phase fails on three, sin- 
gle-phase, core- or shell-type units the 
unit is simply disconnected and re- 
moved. Under normal operating condi- 
tions, the maximum pressure to ground 
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on each phase is 58 per cent of the 
line voltage, the pressure grading down 
practically to zero, only provided the 
magnetic flux density does not exceed 
the value obtained at the commence- 
ment of the “knee” bend of the B. H. 
curve. Either or both neutrals may be 


Fig. 4—Delta-star connection of 
single-phase transformers to trans- 
form three-phase power. 
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grounded only if the flux density value 
is in accordance with the foregoing. 
Differences in ratio and impedance of 
the individual units do not cause any 
appreciable unequal division of load or 
any circulating current. 


Disadvantages — On the other 
hand the disadvantages of the star- 
star connection are as follows: 


(1) The neutrals are inherently un- 
stable unless solidly grounded. 

(2) An unbalanced four-wire load 
cannot be given unless the primary and 
generator neutrals be connected to- 
gether. 

(3) Three-phase units or banks of 
opposite polarity will not operate in 
parallel unless the meshing of either 
the primary or secondary phases of 
one transformer or bank be reversed. 

(4) A fault on one phase renders a 
three-phase unit or bank inoperative 
to give a three-phase supply, until the 
fault is repaired. 

(5) Coil construction difficulties are 
greater and costs are higher with heavy 
line currents. 

(6) In the case of a three-phase, 
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shell-type unit third harmonic voltages 
as high as 30 to 60 per cent of the funda- 
mental may be present at magnetic 
flux densities which are quite satisfac- 
tory for three-phase, core-type trans- 
formers. With isolated neutral, the 
stress from the neutral point to ground 
is consequently increased considerably 
as compared with the stress at the neu- 
tral of a three-phase, core-type trans- 
former. If a grounding device is fitted 
to the neutral, the insulating medium 
must be proportioned according to the 
estimated third harmonic voltage at 
the neutral. 

(7) Grounding the neutral of three- 
phase, core-type units transfers the 
third harmonic voltage vectors to each 
line terminal and the third harmonic 
voltages may be magnified by the 
resulting capacity current flowing 
through the inductance of the trans- 
former windings. Telephone interfer- 
ence may occur if the neutral is 
grounded, particularly as both third 
and ninth harmonics of appreciable 
magnitude may be present. 

(8) Generator and transformer pri- 
mary neutrals should not be con- 
nected together as the third harmonic 
currents which would flow may also 
cause telephone interfererice. 


Star-star connected transformers 
find the greatest scope of application 
as three-phase, core-type units for 
supplying relatively small power 
loads. In practice, it is generally dif- 
ficult to insure a three-phase, four- 
wire lighting load being always bal- 
anced, and therefore this connection 
only finds a very limited field for 
such loads. For transmitting or dis- 
tributing power in bulk, the connec- 
tion is quite suitable from an opera- 
tion standpoint, providing three- 
phase, core-type transformers are 


This 6,600/440-volt bank of trans- 
formers transforms the power for 
operating a hoist motor. 
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used, but three-phase, shell-type 
transformers and banks of single- 
phase transformers often introduce 
disturbances due to harmonics. 
Another connection that is some- 
times used is a combination of the 


Fig. 5—The open-delta connection 
is used for connecting two single- 
phase transformers to transform 
three-phase power. 


two that have just been described. 
This is known as the star-delta con- 
nection, in which the primary wind- 
ings are connected in star while the 


secondary windings are connected in 


delta as shown in Fig. 3. This con- 
nection and the delta-star connection 
are often considered the best for 
high-voltage transmission systems. 
The following relates to the star- 
delta connection: 


Advantages—(1) Third harmonic 
voltages are eliminated by the circula- 
tion of third harmonic current in the 
secondary delta. | 

(2) The primary neutral may be 
grounded. ö 

(3) The primary neutral is main- 
tained stable by the secondary delta. 

(4) It is the most desirable connec- 
tion for step-down transformers on ac- 
count of the inherent characteristics of 
star windings for high voltages and 
delta windings for low voltages. See 
remarks under star-star and delta- 
delta connections. 


Disadvantages — This connection 
has several disadvantages, however, 
which are given in the following: 


(1) No secondary neutral point is 
available for grounding or for giving 
a four-wire supply unless additional 
auxiliary apparatus be provided. 

(2) A fault on one phase renders a 
three-phase unit or bank inoperative 
until repaired. 

(3) The delta winding may be 
mechanically weak in the case of a 


_ step-up transformer with a very high 


secondary voltage, or with a mediumly 
high secondary voltage and small 
output. 

The chief application of this con- 
nection is for stepping down to sup- 
ply a balanced three-phase load, such 
as motors. 

The reverse of the connection just 
described, is the delta-star connec- 
tion, which is shown in Fig. 4. 


Advantages — (1) Third harmonic 
voltages are eliminated by the circu- 
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lation of third harmonic current in the 
primary delta. 

(2) The secondary neutral may be 
grounded or it may be utilized for giv- 
ing a four-wire supply. 

(3) An unbalanced four-wire supply 
may be given and the resulting unbal- 
anced voltages are relatively small, 
being proportional only to the internal 
impedances of the windings. Bal- 
anced and unbalanced loads may, there- 
fore, be supplied simultaneously. 


Disadvantages — On the other 
hand the disadvantages of this con- 
nection are: 

(1) No primary neutral point is 
available for grounding. This is not 
necessarily a disadvantage, as the sys- 
tem on the primary side of the trans- 
former is generally grounded at the 
generator or at the step-up transformer 
secondary. 

(2) A fault on one phase renders a 
three-phase unit or bank inoperative 
until repaired. 

(3) The delta winding may be 
mechanically weak in the case of a 
step-down transformer with a very 
high primary voltage, or with a 
medium-high primary voltage and 
small output. 

The chief application of this con- 
nection is for stepping down to sup- 
ply a four-wire load which may be 
balanced or unbalanced. With this 
connection, a combined load such as 
motors and lighting, can be given. 

This connection is almost equally 
useful for stepping up to supply 
high-tension distribution or trans- 
mission lines, as third harmonic 
voltages are eliminated, the high-ten- 
sion neutral is available for ground- 
ing and the high-tension winding 
possesses the most sturdy char- 
acteristics. 

When three-phase transformation 
is required and use of only two 
single-phase transformers desired, 
the open-delta or the T-T connec- 
tions may be employed. The open- 
delta connection is similar to the 
delta connection except that one 
transformer is omitted. This form 
of connection is shown in Fig. 5. 


Advantages—(1) The only practical 
advantage is that some initial saving 
in cost may be effected when installing 
a transformer bank to supply a load 
which, though likely to grow, may not 
do so for some time. The transformer 
units must be single phase, either core 
or shell type, but two only need initially 
be installed instead of three for giv- 
ing a three-phase supply. 

(2) Third harmonic voltages and 
currents are usually very small with 
this connection and of no practical im- 
portance. 

(3) For a given open-delta bank 
output the windings will be more 


This outdoor transformer substa- 
tion is in the plant yard of a large 
manufacturer. 


Fig. 6—By means of the T-T con- 
nection two single-phase trans- 
formers are capable of simultane- 
ously supplying three-phase, two- 
phase, and single-phase power. 


sturdy than with the delta-delta con- 


nection for the same bank output, as 
the conductors must have a.cross sec- 
tion proportioned for the full line 
current. 


Disadvantages — The disadvan- 
tages of this form of connection are: 


(1) While only two single-phase 
transformers need be installed, their 
rated kva. output must be 15.5 per cent 
greater than the total kva. load initially 
supplied. This is due to the 86.6 per 
cent internal power factor which occurs 
even with a unity power factor load. 

(2) When the bank is converted to 
closed delta, the winding characteristics 
become identical with the delta-delta 
connection for the same bank output. 

(3) No neutral points are available 
with this connection unless additional 
auxiliary apparatus is provided. 
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(4) Under normal operating condi- 
tions, the maximum pressure to 
on each phase is 58 per cent of the line 
voltage, the minimum pressure is 29 
per cent, and the average is 43.5 per 
cent. Insulation stresses are, therefore, 
somewhat higher than with the star- 
connected winding. 

(5) The connection is electrostatically 
unbalanced, and is therefore not suit- 
able for high-voltage systems. 

(6) Even with a balanced three-phase 
load, the load voltages become unbal- 
anced to an extent depending on the 
impedance of the transformers and the 
load power factor. 

(7) Due to the currents in the wind- 
tngs leading the voltage by 30 deg. in 
one phase and lagging by the same 
amount in the other, the power factors 
of the different phases of the system 
will become unbalanced. This will re- 
sult in a flow of wattless current, the 
magnitude of which will largely depend 
upon the load power factor. 

(8) Parallel operation of V-connected 
with delta-connected banks is uneco- 
nomical. 


The only practical application that 
this connection has is enumerated 
under item (1) of Advantages. That 
is, under certain conditions the con- 
nection may be desirable on account 
of the saving in initial cost which 
may be effected when installing a 
bank to supply a load which, though 
likely to grow, may not do for some 
time. The connection has, however, 
not found much favor in this country. 

(Please turn to page 512) 
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Points to remember when 
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Erecting and Aligning a 
Lineshaft Drive 


where the shaft must pass through walls or the in- 
stallation presents unusual problems that require 


careful attention to details 


By GEORGE TRIMM 


Millwright Superintendent, Chicago 
Pulley & Shafting Co., 
Chicago, III. 


HE article entitled, ‘Erect- 
ing and Aligning Lineshaft 
Drives,” which began on page 
398 in the September, 1926, issue of 
INDUSTRIAL ENGINEER, discussed the 
problems involved in the erection of 
a single length of shafting. Longer 
shafts are erected in the same 
manner. However, some additional 
complications are involved due to the 
extra length. 

Irrespective of the length of the 
shaft, or how many sections of 
shafting are involved, the first step 
is to stretch the line which repre- 
sents the center of the stringers for 
the feet of the hangers. The shaft 
is usually parallel with the wall and 
generally it is possible to align this 
center line by measuring from the 
wall at the two ends of the place 
where it is desired that the shaft be 
installed. 

Care must be exercised to see that 
the wall is straight and also to see 
that measurements are not taken 
from a brick that extends in or out 
from the wall surface. Where the 
walls are not parallel, it is gen- 
erally possible to select the end 
points of the lineshaft and stretch 
this line between these points. 

This center line is leveled so that 
the stringers can be kept as nearly 
level as possible. Of course, where 
the ceiling has considerable slope as 
was the case with the installation 


A lineshaft is mounted on both of 
the two sidewalls. 


In this cleaning and dyeing plant, the 
me 36-ft. lineshafts each pass through 
two brick walls. The arrangement of 
the motor is shown in an accompany- 
ing illustration. The openings in the 
wall around the shaft are to be bricked 
in later. The lineshafts are made up 
of 20-ft. and 16-ft. sections of 112 sn: 
shaft, fastened together with a com- 
pression Coup ns, The shafts are sup- 
ported on 20-in. wall brackets, bolted 
to the wall. Daggett dumb-bell, self- 
aligning ball bearings are used in the 
brackets. 


described in the September issue, a 
millwright must decide whether it 
will be better to bridge down from 
the ceiling to the stringer, so that 
it can be kept level, or to use hangers 
of different dimensions with the 
necessary blocking or staging be- 
neath. This question should be de- 
cided from the standpoint of sta- 
bility rather than economy unless 
the two or more types of construc- 
tion under consideration are of ap- 
proximately the same stiffness. The 
ability to hold the shaft in position 
eyen against the pull of the belt is 
the most important point in the con- 
struction. This consideration should 
be kept uppermost when laying the 
foundation or stringers to support 
the shaft, as the ease with which 
alignment is maintained is practi- 
cally wholly dependent upon this 
foundation. Often the alignment of 
the lineshaft or the rigidity of this 
foundation depends, however, as 
much upon the stability of the build- 
ing or the loading upon the floor 
above as it does upon any type of 
structure that may be built in to 
support the shaft. 

After erecting the stringers the 
next step is to place the hangers. 
These are leveled from a new line 
stretched alongside the two end 
hangers and approximately parallel 
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to the line where the shaft is to be 
placed. 

This line is leveled with a line 
spirit level and the hangers placed 
in position from it. A good location 
for this line is even with the side 
adjusting screws of the two end 
hangers. Then, when all the hangers 
are placed in position they will align 
very closely with each other, if ad- 
justed according to this leveled line. 

Because of the slight sag in the 
line, midway between the ends, some 
allowance must be made on hangers 
along the sag. The maximum 
amount of this sag is easily de- 
termined by sighting between the 
end hangers to one placed near 
the center. The millwrights soon 
become experienced in allowing for 
this sag. When a line of hangers is 
located with the adjusting screws 
level and in line, that is, horizontally 
and vertically, the work of aligning 
the shaft is much simplified in that 
tightening up the screws evenly will 
bring the shaft into approximate 
alignment. 

In present-day practice, the sec- 
tions of the shaft are quite gen- 
erally connected with compression 
couplings instead of flange couplings 
as was the former practice. This 
change is largely due to the increas- 
ing use of ball or other hanger bear- 
ings which slip on over the end of 
the shaft. Taking flanges off and 
putting them on is a time-consuming 
and difficult task for a millwright be- 
cause he seldom has adequate facili- 
ties for doing this work on the job. 
I have never yet seen a compression 
coupling that was put on right cause 
any trouble. Whenever a man 
tightens up one bolt before starting 
on the others, he may pull the 
coupling out of line, or it may work 
loose later. When tightening up a 
split pulley, or any other piece of 
equipment, all bolts should be tight- 
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The opposite end of the shaft from 
the motor drive. 


This view was taken in the large room, 
as shown in the accompanying floor 
plan. The location of the coupling 
is shown next to the hanger at the left. 
This illustration also shows the two 
walls through which the shaft extends, 
as well as the opening which it was 
necessary to cut through the wall for 
the shaft. This opening is large 
enough not only for the shaft, but for 
extending the line for checking the 
parallel alignment of the shaft. 


ened evenly and gradually by work- 
ing on opposite bolts in sequence and 
going all the way around before 
starting over. After the shaft has 
been in operation a short time, the 
bolts on all couplings, hangers, and 
split pulleys should be gone over to 
see that none have worked loose. 

Much time can be saved by han- 
dling the bare shafting carefully be- 
fore erecting. It takes less time and 
care to prevent bending or scratch- 
ing a shaft than it does to straighten 
or smooth the burr afterwards. I 
believe that industrial plants make 
a great mistake in turning over the 
work of delivering the shafting on 
the job to the lowest grade of labor. 
I insist always that our millwrights 
do this, as I believe that the care 
they exercise saves considerably 
more time in the alignment. Shafts 
with flange couplings require es- 
pecial care in their handling as they 
are more easily bent. 

When flanged shafts or solid pul- 
leys are used, the drop in the hanger 
must be opened and the shaft sec- 
tion with its attachments lifted into 
position from the floor. Where split 
pulleys and compression couplings 
are used, they are placed in position 
after the shaft is in the hanger. In 
such cases, I prefer to have the bare 
shaft slipped into position through 
the opening in the hanger frame. 
Ball and other solid bearings are 
then slipped on over the end of the 
shaft. A man will soon learn by ex- 
perience to see that solid collars and 
other attachments are in position be- 
fore the bearings are slipped on. 
Otherwise, the bearing must be 
taken off to install them. 

I prefer the use of a spirit level 
and a line stretched parallel to the 
shaft for leveling and aligning it. 
Some millwrights advocate stretch- 
ing a wire above the shaft and 
measuring down from the wire to 
the shaft, or putting blocking of 
predetermined length underneath 
the wire to hold it up and so 
eliminate the sag. The amount of 
sag in the wire is computed mathe- 
matically at various distances from 
each end, for example, every 10 ft. 
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or so, and the millwright makes the 
allowance for the sag in his measure- 


ments. This, I believe, is too com- 
plicated for the average millwright. 

Another method sometimes used 
is the so-called water level. This 
consists of two vessels or gage 
glasses containing water; the vessels 
are connected together by a rubber 
tube of the necessary length. The 
tube is filled and the water level 
marked on the outside of the two 
vessels or gage glasses. Two points 
on the shaft are level when the water 
in both gages is at this mark. A 
rubber tube or hose of sufficient 
size must be used so that the water 
will quickly seek its own level. 
Otherwise, a too hasty reading will 
give an incorrect indication. Also, 
a kink or obstruction in the hose 
line will retard the movement of the 
water from one glass to the other. 

There is still another method of 
aligning shafts which is sometimes 
used: that is, by means of a transit 
and targets. These targets are sus- 
pended from the shaft which is 
leveled up in a manner similar to 
surveying. The exact method of do- 
ing this is too long to explain in de- 
tail here. Although I believe that 
this method would have its advan- 


‘tages on extra long shafts, I have 


never made use of it because an ex- 
perienced man can do good work 
with a hand level and a parallel line. 
To do this, however, requires con- 
siderable experience and a good 
mechanical sense. 

Each section of shaft should be 
placed in position consecutively. It 
is well to position, align, and level 
a shaft as the work progresses in- 
stead of going back over it again. 
Of course, when the job is completed, 
it must be checked and all adjust- 
ing screws tightened. The checking 
is a simple matter, usually, if the 


work has been done carefully up to 
this point. 

The alignment of every shaft 
should be checked about five or six 
months after it is installed, and 
every year or two afterwards, de- 
pending upon the construction of the 
building. Buildings sag or shift, 
the load, machines, or material on 
the floor above may vary or be 
moved or screws may loosen due to 
vibration; any of these will cause a 
shaft to get out of alignment. In 
old buildings of not very substan- 
tial construction, it is often neces- 
sary to set up an alignment which 
most closely meets the conditions 
resulting from shifting loads on the 
upper floors. This is merely a com- 
promise with necessity and is never 
an ideal situation. 

Shafts which go through walls 
are laid out, erected and aligned in 
the same manner as any other 
shafts. The accompanying illustra- 
tion and the floor plan show a line- 
shaft passing through two walls. 
(On one side the third wall is to 
be built in after the shaft is erected.) 
This installation is in a cleaning and 
dyeing plant and special precautions 
were taken to prevent explosions. 
For example, the motor and its drive, 
as shown in an accompanying illus- 
tration, are built on a concrete 
shelf which is to be walled in later 
so that the only means of access to 
the motor will be from the outside 
of the building. In this case the 
118-in. shafts are supported on 20-in. 
bracket hangers. Daggett dumb-bell, 
self - aligning, ball-bearing hanger 
boxes are used. Each of the two 
shafts consist of a 20-ft. and a 16-ft. 
length of shafting joined together 
by compression couplings. 

The bolts holding the brackets ex- 
tend entirely through the wall and 
are backed by a short steel plate on 
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the outside of the wall. Sometimes 
on thick walls and small shafts, large 
washers are sufficient. Heavy shafts 
frequently require sections of chan- 
nel iron on the outside of the wall to 


serve as a brace plate to prevent an. 


undue strain on the brickwork. If 
this is not done, the wall may weaken 
under excessive loading, particu- 
larly at the point where the drive 
belt is installed. 

The layout for the bracket in this 
case was obtained by leveling from 
a course of brick. Also, the location 
of the openings in the cross walls 
was measured from the sidewalls 
and the floor. This is a new wall 
and could be used as a base to give 
results sufficiently accurate for our 
purpose. 

If the brick courses of the wall 
were uneven or the walls irregular, 
a line could have been stretched from 
one end of the building to the other 
through the doorway. When this 
line was leveled, the location of the 
openings could have been laid out 
from it. There is usually some place 
where a line or series of lines can 
be laid out as a base for any work of 
this sort. It does not make any 
difference whether this line is above, 
below, or on either side, so long as 
it is accessible at two points near 
the ends of the shaft, although it is 
preferable to have it also accessible 
at other points along the shaft. 

Water levels are very frequently 
used for leveling shafts which go 
through brick walls. However, I 
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have always found that it is neces- 
sary to remove enough bricks to get 
the shaft through and that sufficient 
extra space is always available so 
that a line can be stretched from 
one length of the shaft to the other 
through the opening and serve as the 
basis for the alignment. In all cases, 
there is sufficient space available to 
use the level. 

After the shaft is aligned, sheet- 
metal thimbles which have been 
slipped on the shaft when it was 
being erected are positioned and the 
wall bricked in around them. These 
thimbles have an opening about ¢ in. 
larger in diameter than the shaft, 
which leaves a }-in. opening all 
around between the shaft and 
thimble. The latter is held in posi- 
tion at the proper distance from the 
shaft by wedges until after it is 
bricked in. If properly positioned, 
the shaft will not rub on the thimble, 
but the amount of space is so small 


that there is very little infiltration 


of gases or fumes from one room to 
the next. This is an especially im- 
portant consideration in dyeing and 
cleaning plants. 

When a shaft is erected in a com- 
paratively new concrete building, or 
in laundries, or other damp loca- 
tions, it is necessary to grease it 
well to prevent rusting. This must 
be repeated occasionally. Also, in a 
dyeing plant such as this, wooden 
pulleys are sometimes required be- 
cause with the wood there is less 
danger of sparks which might ignite 
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the explosive naphtha or other sim- 
ilar vapors. Also, if steel pulleys 
are used the belt should be endless, 
instead of being joined with metal 
fasteners. At least, these are the 
requirements in a number of eities. 
Also, waterproof leather belts are 
preferable under these as well as all 
wet or damp conditions. 

The problems incidental to check- 
ing the alignment of.a shaft are very 
much similar to the original align- 
ing of the shaft. The spirit level 
and parallel lines are used in the 
same manner. If it is an old shaft, 
it is always best to check roughly 
the level of the two ends and the 
points between by means of the 
leveled line by the same method as 
was used when erecting the hangers. 
This will show whether the shaft is 
so far out of level that the posi- 
tion of some of the hangers must 
be changed because the adjusting 
screws will not take care of the mis- 
alignment. In some cases, it is 
necessary to insert blocking under 
the feet of several of the hangers 
and if this is necessary, the quicker 
this excessive misalignment is dis- 
covered the better. Otherwise, the 
men may start to align the shaft at 
one end and find, when near the 
other end, that a few hangers are so 
low that the remainder must be 
blocked up or raised to get them in 
line. Also, the ceiling in the center 
of the building is somteimes lower 
than at the ends, and this pushes 
the center hangers down. Condi- 
tions such as this are quickly discov- 
ered by the leveled line, which also 
indicates the approximate amount 
that the hangers must be raised or 
lowered. Where this is beyond the 
limit of the adjusting screws, block- 
ing is necessary. Where two-point, 
adjustable hangers are used, all 
vertical adjustments must be made 
by blocking under the feet of the 
hanger. Four - point, adjustable 
hangers will take care of a certain 
amount of this vertical misalignment 
without moving the hangers. 

One common cause of trouble with 


(Please turn to page 512) 


How the motor is enclosed for pro- 
tection. 


The motor is mounted on this con- 
crete-slab shelf and is belted to the 
lineshaft. When the installation is 
complete, a wall will be built in along 
the edge of the shelf and be tied into 
the main brick wall. The thimble, 
which will be set in the brick wall, is 
shown here wedged on the shaft. The 
only access to this motor room will be 
through the door at the right. The 
upper half of the window in that room 
does not open. The location of the 
motor control equipment may be seen 
from the accompanying sketch. 
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Applications of 


Electrically-Heated 
Bath Furnaces 


including a description of types commonly used 
in heat-treatment of metal parts, with some of the 
operating advantages which they offer 


HE selection of the proper 
type of furnace for a given 
heat-treating problem formerly 
constituted the chief responsibility 
of the heat-treater. Even before the 
importance of temperature control 
had assumed its rightful place in the 
scheme of the correctly designed 
furnace, certain results were recog- 
nized as being better obtained in one 
type of furnace than in another. As 
is often the case, results were ob- 
tained before the contributing fac- 
tors had been analyzed. The furnace 
engineer has been handicapped until 
recent years because the heat- 
treaters, and later the metallurgical 
engineers did not know what factors 
were involved in giving the results 
they desired, nor how to control 
those factors and obtain the desired 
results with uniform regularity. 
With the increase in knowledge 
of the principles of metallurgy and 
crystallography came the better de- 
signed furnace and, as a corollary, 
the better informed furnace engi- 
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neer. It is impossible to obtain the 
correct furnace for a given applica- 
tion unless it has received the care- 
ful study of an engineer capable of 
understanding both the process in- 
volved and the furnace construction 
required. Establishment of the fact 
that the control of heat at the proper 
temperatures is an important factor 
in furnace design, drew the atten- 
tion of the electrical engineer who, 
in his necessity for economy in the 
use of power, forced further consid- 
erations in furnace design. His 
necessity proved to be the user’s op- 
portunity for it caused the redesign 
of the fuel-fired furnaces, involving 
and incorporating in the design the 
idea of conservation of fuel. 

The type of furnace for a given 
process has been heretofore to a 
large extent governed by the choice 
of fuel available in the particular 
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This shows the arrangement of the 
lead-bath, hardening furnaces in 
the axe department of a tool manu- 
facturer. 


The axes are 3 on a special rack 
which suspen them to the proper 
depth in the molten lead. When they 
have reached the desired temperature, 
they are removed one at a time by 
hand, quenched, washed in clear water 
and carried on a truck to the drawing 
operation, which is essentially the 
same as the hardening process, but is 
carried out at a lower temperature. 

each axe is removed, another is 
put in its place. By watching the 
. deviation indicator shown 
at the left, the operator can time the 
work so that the temperature will not 
vary more than 10 deg. A detailed 
view of one of these furnaces is shown 
on page 511. 


plant desiring the furnace. But to- 
day the money value of the B.t.u. 
applied to the heat-treating problem 
is known to be of less importance 
than the ability to produce a given 
result. Where the cost of heat- 
treating, when done eleetrically, is 
only 0.86 per cent of the selling cost 
of the finished article, the matter of 
fuel cost is of relatively little im- 
portance. Such costs are obtained 
in heat-treating certain dies. When 
the cost of heating assumes 22 per 
cent of the cost of the manufactured 
article, as it does in certain vitreous 
enameling processes, the question 
of the proper fuel to apply is of 
more serious consideration, and the 
selection of the furnace to fit the 
fuel is more nearly justified than in 
other types of work. 

The bath type of furnace is chosen 
when the following characteristics 
are of prime importance: 

(1) A non-scaling, non - oxidizing 
method of heat-treating. 

(2) A rapid method of producing a 
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skin or surface hardness similar to 
case hardening. 

(3) More uniform degree of heating 
of the work. 

(4) Elimination of troubles due to 
warping and cracking. 

(5) To increase the volume of pro- 
duction by more rapid heating. 

(6) Greater uniformity of product. 

(7) Lower production costs. 


The various liquid heat-treating 
Media employed in the heating of 
steel parts can be divided into two 
general classes—metals and salts. 
Lead, and combinations of lead and 
tin, are the chief metals that can 
be considered for commercial baths. 
The salts used for the same purpose 
usually contain cyanides, chlorides, 
carbonates, nitrates, and some sul- 
phates, each bath in some cases con- 
sisting of a single salt, but often of 
a combination of several. 

The physical characteristics of the 
medium used are of importance. 
Without going into details it may 
be said that of the media mentioned, 
lead has the highest specific gravity 
and heat conductivity, with the 
lowest specific heat and latent heat 
of fusion. 

In comparing the action of molten 


lead with salt baths, it is noticeable’ 


that little or no lead adheres to the 
work coming out of the bath, to be 
quenched, if certain precautions are 
observed. Again, the low latent heat 
of fusion increases the rate of heat- 
ing the bath from cold to the liquid 
state and is an advantage of lead 
over most of the other liquid baths. 

The molten salts, on the other 
hand, wet the object being heat- 
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treated and adhere to the surface 
when brought out into the air, im- 
mediately solidifying. This char- 
acteristic of the salt bath has the 
advantage of forming a protective 
film during exposure to the atmos- 
phere, thus preventing oxidation of 
the surface underneath. It has the 
disadvantage that the film requires 
removal, usually by washing. This 
necessitates frequent replenishing of 
the salt and increasing the expense 
of melting. 

The bath furnace usually consists 
of an encasing sheet-iron container, 
followed by one or more courses of 
insulating brick faced by a course 
of firebrick. This firebrieknlined 
chamber forms the firebox of the 
furnace and from the upper edge of 
this firebrick wall the vessel for con- 
taining the bath is suspended by 
means of flanges cast around the top 
edge of the vessel. Fuel-fired fur- 
naces of modern design have become 
more complicated than this in an 
attempt to equalize furnace cham- 
ber temperatures. The combustion 
chamber is separated from the fur- 
nace chamber proper and the hot 
gases, that is, the products of com- 
bustion, are led around the outside 
surface of the vessel containing 
the bath. 

The containers for lead or salt are 


This cylindrical-type bath furnace 
is employed to harden and temper 
drills. 

The view at the left shows the heating 
element surrounding the vessel. he 


complete furnace with the vessel and 
top raised is shown at the right. 
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usually exposed to a highly oxidizing 
atmosphere on the outside in the 
fuel-fired type, which often so scales 
the surface that the vessel warps and 
cracks. In this type of furnace the 
manner in which the heat is trans- 
ferred to the vessel from the burner 
causes extremely high temperatures 
at points or spots where the flames 
or hot gases strike the surface, caus- 
ing extreme temperature differences 
and terrific strains in the vessel wall, 
resulting in distortion and cracks. 

In the electric design-of bath-type 
furnace there is a uniformly lower 
temperature, but a larger quantity 
of heat is absorbed from almost each 
square inch of the outer, side sur- 
face of the vessel. In contrast, in 
the fuel-fired type of furnace the 
flame or hot gases are admitted at 
the bottom in a tangential direction, 
producing a whirling flame. Various 
schemes of recirculation have been 
used in an attempt to avoid extreme 
temperature concentrations at any 
one point. 

Reversal of the direction of flame 
or hot gases at the top has not im- 
proved conditions since both methods 
of firing produce zones of marked 
temperature differences between the 
top and bottom of the vessel, 
which result in stresses and vessel 
straining. 

In the electrical design a nice ar- 
rangement of heating elements per- 
mits proper and equal temperature 
distribution with, when necessary, a 
slight concentration of heating ele- 
ments at the inside top of the heat- 
ing chamber to compensate for radi- 
ation and convection losses across 
the top of the bath. 

In the case of the electric furnace 
the resistors in the better designed 
types are suspended from the inside 
walls of the heating chamber and 
when necessary are laid on the bot- 
tom. The bottom in addition, is 
usually provided with a drain from 
which the contents of the pot will 
run off to the outside in case the ves- 
sel leaks or cracks. 

The shape of the vessel depends 
upon the character of the work. 
Either cylindrically-shaped vessels 
with round bottoms, or rectangular 
vessels with ellipsoidal bottoms, are 
used. The success or failure of a 
bath furnace often depends upon the 
correct design of the sidewalls and 
bottom of the vessels. 

Two examples of standard, elec- 
trically-heated bath furnaces are 
shown in the accompanying illustra- 
tions. The bath furnace shown on 
this page operates at a temperature 
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of about 1,500 deg. F. It is of the 
cylindrical type, the vessel being 
10 in. in diameter and 17 in. deep. 
This furnace is used to harden and 
draw drills in a large manufactur- 
ing company where it is necessary 
to prevent these drills from distort- 
ing both during the heating up to 
the hardening temperature and dur- 
ing the subsequent quenching. 

A bath furnace of similar design, 
but employed to heat 350 lb. of cy- 
anide has been in operation in the 
heat-treating department of a large 
electric manufacturing company for 
several years, and another one of the 
same type is now employed in the 
heat-treating processes of one of the 
well-known watch manufacturers. 

When considering furnaces of the 
lead-bath type in general, a compari- 
son of fuel costs is secondary to the 
results to be desired. A comparison 
on the fuel basis is very misleading, 
but it may be stated that, in general, 
electric energy at 2 cents per kilo- 
watt-hour is competitive with city 
gas at 50 cents per thousand cubic 
feet and oil at 6 cents per gallon. 
These figures are comparative and 
take into consideration the source 
of power plus the economical ad- 
vantages resulting from the use of 
electric power for heat. The data 
are based on 550 B.t.u. gas and 
13,500 B.t.u. oil 

If we compare artificial gas with 
550 B.t.u. per cubic foot, natural gas 
with 957 B.t.u. per cubic foot, and 
oil with 13,500 B.t.u. per gallon, with 
electric energy at 2 cents per kilo- 
watt-hour at the proper furnace effi- 
ciency for bath-type furnaces oper- 
ating with the various fuels; we 
find the following interesting de- 
velopment of the above economies. 

The coal-fired furnaces are not 
considered in this discussion because 
of their low efficiency and obsoles- 
cence for refined heating processes. 
It is doubtful if either the gas-fired 
furnace or oil-fired furnace ever 
reaches above 20 per cent thermal 
efficiency in bath- furnace applica- 
tions, while with the electric furnace 
of this type the thermal efficiency is 
75 per cent. Thermal efficiency of 
any furnace has little significance or 
importance for it may require only 
25 kw. per hour to maintain an elec- 
tric furnace at temperature, whereas 
the furnace may be rated 100 kw. and 
75 kw. may be actually absorbed in 
the work. Following this thought 
out, in the case of fuel-fired furnaces 
it may require 85,300 B.t.u. to main- 
tain the furnace at temperature while 
idling, but if it is desired to put four 
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Automatic control equipment for 
bath furnaces shown on page 508. 
The furnaces are individually con- 
trolled by means of a recording py- 
rometer, which actuates a contactor 
parel. 


times this many B.t.u. into the 
stock being heated, it will require 
more than 341,200 B.t.u., because in 
order to get that many B.t.u. into 
the work it will require that 1,706,- 
000 B.t.u. of fuel be consumed if the 
bath receives only 20 per cent of the 
actual heat in the fuel. 

However, in selecting the electrical 
type of bath furnace advantage is 
taken of the highest “over-all econ- 
omy” and “form value” with its per- 
fect heat generation, desired heat 
distribution and automatic tempera- 
ture control in almost ideal per- 
tection. 

An example of such a selection is 
seen in the case of a large axe manu- 
facturer whose plant is located in a 
natural gas field. In this case, it 
is interesting to note that natural 
gas costs 18 cents per thousand cubic 
feet and electric energy about 1 cent 
per kilowatt-hour. This factory has 
a large production of axes of all 
sizes, grades and weights as well as 
high-grade small tools, such as claw 
hammers, lather’s hatchets of various 
descriptions, fireman’s axes, machin- 
ists’ hammers and so on, all requir- 
ing scientific temperature control in 
the final heat-treating process pre- 
liminary to the finishing and polish- 
ing operations. In this factory there 
is a connected load of 1,156 kw. dis- 
tributed among 17 lead baths for 
hardening tools at about 1,400 to 
1,500 deg. F., and six lead baths of 
exactly similar design for tempering 
between 600 and 700 deg. F. 

This type of furnace is illustrated 
on page 511 which shows a complete 
furnace with the lead-containing ves- 
sel elevated from the heating cham- 
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ber. The top protecting castings are 
placed at the side. Each of these fur- 
naces is controlled automatically by 
means of a recording pyrometer 
which actuates a suitable contactor 
panel. This equipment is centralized 
and located in separate control rooms. 
One side of one of these control 
rooms is shown above. 

The handling operations are en- 
tirely manual and the furnaces are 
supplied with a special rack by means 
of which a definite number of parts 
are properly suspended in the lead. 

The cycle of operations includes re- 
moval of the parts from the leaa, 
quenching, washing in clean water, 
and placing on a truck to be carried 
to the next operation, which is the 
drawing operation and is essentially 
a repetition of this cycle at a lower 
temperature. An untreated tool is 
then placed on the hook of the rack 
that has just been vacated. The 
cycle is repeated and a temperature 
deviation indicator located above the 
furnace in the line of sight of the 
operator, provides him with an indi- 
cation of the variation of tem- 
perature from the desired or correct 
one for operating. 

By properly timing his efforts the 
operator keeps the temperature vari- 
ation within 10 deg. When he is 
working too fast, the temperature 
Talls and when working too slow the 
temperature rises. Enforcing the 
maintenance of the proper tem- 
perature automatically enforces a 
correct heat cycle and a definite pro- 
duction. The illustration at the be- 
ginning of this article gives a clear 
conception of the arrangement of the 
apparatus and how it is operated. 

On the basis of full production, 14 
men are required to handle a some- 
what larger production than was 
formerly handled by 39 men in the 
superseded gas-fired equipment. In 
addition to this, it no longer requires 
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a skilled operator to harden the tools 
properly. With the recording, con- 
trolling pyrometer set at the desired 
temperature and leaving a record, 
end the deviation indicator above 
the bath, a common laborer can 
quickly get the swing of the correct 
operation and if the recorder chart 
shows overheating or underheating, 
it is a report of the manner in 
which the tools have been handled. 

Also, the correct number of pieces 
per operator per shift can be as- 
signed to each operator and a 
definite amount of correctly heat- 
treated tools will be returned at the 
end of the shift. This is an ad- 
vantage to the operator who, in 
turn, knows how he will have to op- 
erate to get the required number of 
pieces per shift; his responsibility 
consists in keeping the needle of the 
deviation indicator at the zero 
position. 

With such an equipment properly 
operated, the tool acts as a check of 
the previous manufacturer’s opera- 
tions up to this time. With absolute 
control of the heat-treating fac- 
tors, the heat-treater is eliminated 
from an investigation to account for 
an imperfect tool and it then be- 
comes a matter of adjusting or cor- 
recting some previous manufactur- 
ing procedure. Since the installation 
of the electric equipment, the rejec- 
tion of tools that would not pass in- 
spection before going to the store 
room has been cut down from 15 to 
20 per cent to practically nothing. 
The cost of production has gone 
down, the capacity of the whole shop 
has increased, and the working con- 
ditions in the heat-treating depart- 
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ments have been very much im- 
proved. In addition the life of the 
vessel has been increased from a few 
weeks or months to over 15 months 


by continuous operation, with no: 


failures and no loss of lead except 
that consumed in the process. 

From the hardening furnaces in 
the axe and tool room, the tool goes 
to a drawing furnace of, exactly 
similar dimensions, but of less in- 
stalled electric capacity, where the 
cycle of operation is exactly similar, 
except the temperature is the lower 
one required for proper drawing. 

The lead bath during the operat- 
ing period is covered with about 1 in. 
of granulated coke to reduce radia- 
tion losses. During idling periods, 
such as overnight shutdowns, an in- 
sulated cover made of structural steel 
and Silocel bricks is used to cover 
the pot. 

An interesting sidelight was ob- 
tained in testing a shipment of 1,300 
tons of high-carbon steel. In quan- 
tity production where axes are made 
at the rate they are in this factory, 
steel is carefully inspected, one of the 
methods employed being the practical 
test of putting it through the opera- 
tions it must undergo when made up 
into the finished article. Of the 
shipment referred to, test pieces suf- 
ficiently long to allow testing one end 
in the fuel-fired furnace and the 
other end in the electrically-operated 


—— 


Here is another type of bath fur- 
nace, with the vessel removed from 
the heating chamber. 

This furnace is of the same type as 
those illustrated in the headpiece on 


page 508. It is rated at 62 kw., 220 
- volts, 1,650 deg. F 
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furnace were selected. The best 
grade of operators, with long years 
of experience back of them, were 
selected for the fuel-fired test. The 
results obtained from the old, fuel- 
fired furnaces gave à sufficient 
number of unacceptable test pieces to 
have caused rejection of the ship- 
ment in the old days, but under the 
electric furnace test, each one of the 
test pieces proved the steel to be of a 
grade that would make excellent 
axes. On the result of this test a 
1,300-ton shipment of expensive, 
high-grade steel was accepted. 

Another lead bath installation of 
interest is in the plant of a large 
wire rope manufacturer. Here lead 
baths are being used for the harden- 
ing, quenching and drawing of car- 
bon steel wire. Vessels of exactly 
similar design to those at the axe 
factory are.in use and the wire is 
passed continuously through the 
baths of lead, held at the correct 
temperature. Some of these lead 
baths have been in continuous opera- 
tion for two years without any ves- 
sel failures. Automatic temperature 
control is obtained in the. present 
equipment in a manner similar to 
that described above. 

The present trend of development 
is toward a further electrification of 
wire hardening, quenching and draw- 
ing, all in electrically-heated lead 
baths. Also, in this connection, the 
trend of development in control is 
for closer temperature regulation to 
take care of the variables introduced 
by the varying sizes of wire and the 
different speeds of operation. 

These vessels are run in tandem, 
the high-temperature bath, the 
quenching bath, and the drawing 
bath being in a straight line. The 
bundles of wire, either round wire 
or flat wire, in some cases 5 in. wide, 
are passed through a high-tem- 
perature lead bath, then into a lead 
bath held just above the melting 
point of the lead, then up through 
reels in the air and after a certain 
travel again into the draw-back lead 
bath held at the proper temperature 
tor drawing the wire, which is being 
pulled through these baths by the 
draw-out reels situated beyond the 
last draw bath. 

Several installations of this type 
have been made and in order to ob- 
tain the proper temperature control, 
the electric input into the different 
units, to correspond to a given tem- 
perature, is obtained by the use of 
contactors actuated by pyrometers. 
This control, however, could be ob- 
tained by voltage regulators gov- 
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erned by controlling pyrometers. 
This latter type of control will give 
very close temperature regulation by 
varying the energy input into the 
bath. 

This method, in addition to giving 
closer temperature control than can 
be obtained by other known means, 
has another valuable characteristic: 
namely, the power demand is con- 
tinuous and is varied only to corre- 
spond to the actual requirements. 
Thus it does away with the “on and 
off” the line feature, with the con- 
sequent irregular demands on the 
power plant. This regulation of in- 
put also prevents over-storage and 
depletion of heat storage in the walls 
of the furnace, as was the case under 
the old method, and hence eliminates 
the “over-shooting” and “under- 
shooting” of temperature frequently 
found in the present types of tem- 
perature control which do not supply 
some current at all times. 

The surprising features of this 
type of electrical apparatus, and of 
the installations cited, are the high 
economies that have been obtained: 
careful studies have been made of 
these economies, but space and 
occasion do not permit a tabulation 
of them. Those in contact with these 
developments have found such im- 
proved values of thermal efficiency 
and increased value of products ob- 
tained by the use of the electrically- 
controlled metal bath that they are in 
position to understand and forecast 
the over-all economies to be ex- 
pected in a proposed lead bath elec- 
trification. 


Erecting a 
Lineshaft Drive 


(Continued from page 507) 


shafting results from placing the 
hangers too far apart. Ordinary 
spacing for hangers is 8 ft. How- 
ever, a drive pulley should either be 
placed near a hanger, or an addi- 
tional hanger installed to take care 
of the side pull. Also, where a 
large number of pulleys are grouped 
closely together, the addition of a 
hanger in the center of the group 
will give the desired rigidity. 

It should be remembered that high- 
speed shafts require closer spacing 
of hangers unless an extra oversized 
shaft is used. Adding extra hangers 
is one method of overcoming exces- 
sive vibration which may result 
when the shaft of an old installation 
is speeded up. Generally, in con- 
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nection with an old lineshaft instal- 
lation, it is necessary to add a hanger 
only in a few places where a num- 
ber of pulleys are placed or an extra 
heavy pull, is taken off, at some dis- 
tance from a hanger. 

When cutoff couplings are used in 
a line of shafting, special care is re- 
quired in aligning and supporting 
the shaft because any working of 
the ends of the shafts within the 
sleeve would soon cause trouble for 
the clutch. Hangers’ should be 
placed on both sides of cutoff coupl- 
ings to support them. 

We are seldom called upon to in- 
stall mule stands now. Generally a 
plant will make two separate sets of 
lineshafts out of an installation, each 
with a separate drive, instead of 
trying to connect them together at 
an angle by means of a mule stand 
which were formerly rather widely 
employed for this purpose. 

Frequently we are called upon to 
replace pulleys on a mule stand with 
ball-bearing loose pulleys. This 
eliminates the difficulty incidental to 
the lubrication of mule stand pul- 
leys because the shaft is vertical and 
the lubricant runs out at the lower 
end and is thrown off by the high 
speed of the shaft. Ball-bearing pul- 
leys retain the lubricant and to that 
extent, at least, remove one of the 
present objections to the use of mule 
stands. 

Many operators believe that the 
two shafts to be connected by a 
mule stand must be absolutely at the 
same level and at right angles to 
each other. This is not the case. 
However, if the two shafts are not 
at the same level, it is necessary to 
mount the mule stand at an angle to 
take care of the drop in the belt. It 
is necessary to remember that the 
belt goes from one pulley and on to 
the next in a line. To obtain the 
proper location of the pulleys and 
angle of the mule shaft sometimes 
requires some adjusting before the 
installation is properly lined up and 
ready for operation. 

Three points in connection with 
handling installations of lineshaft- 
ing are so important that they are 
worth emphasizing, in conclusion. 
In aligning a shaft the millwright 
must get it not only level but 
straight. Also, any efforts exerted 
toward placing the hangers in the 
proper position reduce the work in- 
cidental to the aligning afterward. 
However, without a proper founda- 
tion or support for the hanger the 
proper alignment cannot be success- 
fully maintained. 
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Connections for 


Transformers 


(Continued from page 504) 


The other connection using only 
two transformers for a three-phase 
transformation, is known as the T-T 
connection and is shown in Fig. 6. 
A special 86.6 per cent tap is re- 
quired on the teaser transformer as 
is shown. 


Advantages — (1) Winding charac- 
teristics and voltage stresses are prac- 
tically the same for this connection as 
is the case with the star-star connection. 

(2) For initially supplying a load 
which will ultimately be greater, two 
interchangeable transformers with suit- 
able taps may be installed to facilitate 
an ultimate changeover to the delta- 
delta connection. There would be the 
same initial saving in cost as with the 
open-delta connection. 

(3) Third harmonic voltages and cur- 
rents are usually very small and of no 
practical importance. 

(4) If desired, three-phase, two- 
phase, and single-phase loads may be 
supplied simultaneously. 

(5) The neutral points are available 
for grounding or loading purposes. For 
the latter purpose it becomes more im- 
portant that the halves of the main 
transformer windings should be inter- 
laced. 

(6) The iron loss of the bank will be 
slightly less than with the open-delta 
connection, due to the lower voltage, 
that is 86.6 per cent across the teaser 
transformer. 


Disadvantages — The disadvan- 
tages of this type of transformer 
connection are: 

(1) While only two single-phase 
transformers need to be installed, their 
total rated kva. must be 151 per cent 
greater if the transformers are inter- 
changeable (or 71 per cent greater if 
non-interchangeable) than the actual 
load supplied. 

(2) Corresponding halves of primary 
and secondary windings of the main 
transformer must be interlaced. 


This connection, for use primarily 
to give a three-phase transformation, 
has found very little favor indeed. 
Theoretically, its application would 
be most suitable for supplying three- 
two- and single-phase loads simul- 
taneously, but as such loads are not 
usually found together in modern 
practice, the connection has been 
very little adopted. It has the ad- 
vantage over the open-delta connec- 
tion in that the primary and sec- 
ondary neutral points are always 
available. 

A discussion of parallel operation 
of transformers, losses, voltage regu- 
lation, and power factor, as well as 
sample computations for determining 
the same will be given in a succeed- 
ing issue, 
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THIS IS the sixth article of a series 
on lubrication. In the first article, 
which appeared in the December, 
1925, issue, the use of oils and 
greases in industrial lubrication 
was discussed. The second article, 
in the March, 1926, issue, explained 
the terms used in the specification 
of lubricants. Other articles have 
covered: equipment for applying 
lubricants, May; lubricating motor 
bearings, July; and, lubrication of 
hoists and traveling cranes, Septem- 
ber. This article will discuss lubri- 
cation of conveyors. 


Some practical 


Problems in 
Lubricating 
Conveyors 


with methods of solving 
them employed on types 
of equipment commonly 
used in industrial service 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


QUIPMENT used for handling 
99 as stated in the pre- 

ceding article of this series in 
the September issue of INDUSTRIAL 
ENGINEER, is frequently subjected to 
neglect, particularly from the stand- 
point of lubrication. However, the 
importance of suitable lubrication to 
the proper performance of machin- 
ery of all kinds as well as to its up- 
keep, particularly with relation to 
reduction in wear and tear and the 
minimizing of the expense of repair, 
is so well known to all who are ac- 
quainted with factory equipment that 
it would seem that the question of 
providing suitable lubrication of the 
conveying and elevating equipment 
would need no special emphasis. In 
spite of this, as has been demon- 
strated by the extensive experiences 
of manufacturers of this equipment, 
industrial operating engineers and 
maintenance superintendents fre— 
quently overlook the necessity of rea- 
sonable attention to the lubrication 
of the moving parts of conveyors 
and elevating equipment. Experi- 
ence has shown that nearly all the 
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trouble to which this class of equip- 
ment is subjected may be traced 
either directly or indirectly to in- 
correct or insufficient lubrication. 

Conveyors are of three general 
types; gravity, belt, or chain. Each 
of these types, particularly chain 
conveyors, is manufactured in a 
variety of forms or modifications to 
meet special purposes. The lubrica- 
tion problems differ with each type, 
and also with the purpose for which 
the conveyor is used. Probably the 
most attention to lubrication has 
been given to belt and gravity con- 
veyors, although new installations of 
chain conveyors have better provi- 
sions for lubrication than the older 
types. 

Conveying and elevating machin- 
ery, moreover, has certain require- 
ments which cannot be met by the 
ordinary methods of oiling appli- 
cable to most other types of ma- 
chines. In the first place, the num- 
ber of bearings and surfaces which 
must be lubricated is much greater 
than it is in the case of almost any 
other type of industrial machinery. 
A production machine in a factory is 
fairly complicated if it has 20 bear- 
ings to be kept oiled. It is not un- 
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Lubricating the troughing rolls of 
a belt conveyor. 


Here a portable horizontal-type, high- 
pressure Alemite compressor with a 
slip-on coupling is used. The indus- 
trial-type fittings are placed on the 
end of the hub of the troughing roll 
and the lubricant supplied to all bear- 
ings through the single opening. The 
attendant must be sure that an ample 
quantity of lubricant is applied under 
sufficient pressure to supply the in- 
accessible bearings on the opposite end 
of the rolls. The rolls are preferably 
lubricated while the conveyor is in 
motion. The fitting for the return roll 
may be seen just below the operator’s 
left elbow. 


usual for a conveyor to have 200 
bearings, and not be a particularly 
long one. Unless, therefore, time is 
a secondary object, which is seldom 
the case, the lubrication system 
should be so designed that each bear- 
ing can be dealt with quickly and 
conveniently. 

Because of the large number of 
bearings in a conveyor line, com- 
paratively large savings result from 
the use of improved anti-friction 
bearings. In an actual installation, 
savings of 35 per cent of the power 
required to drive the conveyor have 
resulted through installing anti— 
friction bearings with grease, pres- 
sure lubrication. A large propor- 
tion of the conveyors installed at the 
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present time are provided with some 
kind of anti-friction bearing, not 
only to reduce the friction load, but 
also to take advantage of the better 
facilities for lubrication which such 
bearings offer. 

Perhaps the tendency to slight 
lubrication is in part brought about 
by the knowledge that the speed of 
operation of conveyors and the re- 
sulting speed of bearings is small 
in comparison with the many high- 
speed machines which comprise the 
usual factory equipment. This com- 
paratively slow speed of operation 
of conveyor parts justifies a certain 
purposeful elimination of the neces- 
sity of lubricating bearings on the 
part of the manufacturer of convey- 
ing equipment as well as on the part 
of the user. For instance, one of 
the commonly employed types of 
-gravity roller conveyor for handling 
package loads is designed so that the 
rolls of the conveyor turn in ball 
bearings. 

It will be appreciated that under 
normal use, the rolls of a gravity 
roller conveyor are only turning 
while loads are passing over them. 
In the aggregate, even when con- 
veyors are in constant use, the 
amount of time in which the rollers 
of a gravity roller conveyor are idle 
is considerable and even when they 
are turning they do so at slow speed. 
Therefore, if the ball bearings of a 
gravity conveyor are properly de- 
signed and sufficient care is exercised 
in their manufacture to make sure 
that the ball races are smooth and 
that the bearing is assembled in a 
manner to give easy turning per- 
formance, the bearings are not 
likely to need lubrication when 
operating under normal conditions. 
However, the balls and races need 
some lubricant to prevent oxidation 
of the surfaces. 

Various conditions of use of 
gravity roller conveyors, however, 
make necessary special designs of 
gravity roll bearings in which care- 
ful consideration is given to lubrica- 
tion. By way of illustration, certain 
applications of gravity roller con- 
veyors cause them to be placed in 
locations where the air contains a 
large amount of grit, dirt or other 


Force-feed lubricators on bearings 
of driving head and chains of 
conveyor. 


The roller chains to which the slats 
in the conveyor are fastened are lubri- 
cated by a McCord (McCord Radiator 
and Manufacturing Co., Detroit, Mich.) 
force-feed lubricator which forces oll 
through tubes to brushes attached to 
the frame. The chains are lubricated 
as they travel through the brushes. 
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Another method of lubricating a 
pressed-steel troughing idler pulley. 


In this new Stearns idler pulley the 
lubricant is forced in through a pres- 
sure fitting at the ends of the shaft 
and enters the chamber at the center. 
From here the lubricant is distributed 


to the Timken roller bearings in the 
hubs at each end of the idler pulley. 


pulverized substance. Gravity roller 
conveyors which are to be used in 
a foundry must be so designed that 
the bearings are protected from grit. 

Conveying and elevating equip- 
ment is seldom readily accessible. 
In many cases it runs through 
narrow tunnels, between buildings, 
through floors, or at some distance 
above the ground level. It is, there- 
fore, strongly advisable that what- 
ever lubricating system is adopted 
it should be such that once attended 
to it will not require further looking 
after for a considerable length of 
time. Every industrial,man is well 
aware that bearings which are hard 
to get at are likely to receive far less 
attention than do others that are 
more easily accessible, irrespective of 
which requires the most attention. 
To meet these conditions, many man- 
ufacturers of conveying equipment 
recommend the high-pressure sys- 
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tem of grease lubrication which has 
been adopted quite largely by the 
manufacturers of automobiles, to 
meet a similar demand for quick and 
easy servicing, even in parts difficult 
of access and by the unskilled or in- 
experienced owner. 

Another reason why high-pressure 
grease lubrication, instead of oil is 
usually preferred for belt conveyor 
bearings is that high-grade, anti- 
friction bearings are not commonly 
used on conveyors and elevating 
equipment and so the mechanical fit 
of the bearing is not always tight 
enough to retain an oil lubricant. 

Still another point in favor of the 
high-pressure system of lubrication 
is that conditions seldom are such 
that a conveyor or elevator can be 
shut down during working hours. 
Conveyors generally form an impor- 
tant link in the production system 
and, although temporary shutdowns 
of production machines are often 
possible if it is necessary to replace a 
part, or for minor repairs or oiling, 
it is generally true that to shut down 
the conveying system even for a few 
minutes ties up the entire depart- 
ment which it serves and often the 
entire plant. For this and the other 
reasons mentioned it is essential 
that a method of lubrication be pro- 
vided with a sufficient lubricant res- 
ervoir to permit the bearings to run 
for a considerable time, for months 
if necessary, without attention. 

Similarly, conveyors that are 
placed in flour mills or in other 
types of industries where pulverized 
material is present in the air must 
be so protected that no foreign ma- 
terial will enter the bearings and 
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cause them to operate inefficiently. 
With this necessity in mind, special- 
duty, gravity roller bearings have 
been so designed that the balls are 
protected from grit by the use of 
tight-fitting felt washers housed in 
an enclosed unit bearing. 

Similar considerations must enter 
into the design of all types of con- 
veyors which are to operate in a 
dusty atmosphere. It is safe to state 
that in the application of conveyors 
to foundry and similar work, special 
attention must be given to the lubri- 
cation of all belt idler and pulley 
bearings. Conveyor rolls have been 
developed for such specific purposes, 
wherein all bearings are equipped 
with lubricating fittings of the ball- 
and-spring type, such as the Alemite, 
Zerk, or Dot. It will be appreciated, 
therefore, that there are certain ap- 
plications of conveyors which make 
the subject of lubrication of so great 
importance as to make necessary the 
employment of fittings designed in a 
manner to bring about the greatest 
efficiency in lubrication. 

Where ore, coal, ashes, cement or 
other abrasive materials are handled, 


Cross-section of heavy-duty, grav- 
ity ball-bearing conveyor roll. 


The packing prevents the escape of the 
lubricant on the outside and the bear- 
ing fits into the end of the roller. 
The bearing is made to exclude dust 
and moisture and the lubricant pre- 
vents oxidation of the balls and races. 
This Lamson Company (Syracuse, 
N. Y.) bearing is designed to handle 
300-lb. loads at 50 r.p.m. on gravity 
conveyors, 
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lubricant applied under pressure will 
form a seal at the ends of the idler- 


roll hubs. Repeated applications 
keep forcing the used lubricant out, 
which takes with it the dust that 
settles at the bearing hub. In dan- 
gerous locations or places difficult 
of access the oiler need not get closer 
to moving parts than the end of the 
fitting provided for portable hand- 
pressure guns. Also, fittings for 
pressure lubrication can be placed 
where there is less likelihood of their 
being knocked off by falling material 
than is the case with grease cups. 
In some cases, as on the coal carriers 
shown in an accompanying illustra- 
tion, flush fittings are used. 

On some conveyors the grease cups 
are made of cast iron instead of 
pressed steel. In such cases the 
cast-iron cups act as a collar on the 
end of the idler roll shaft and are 
slipped over the end and fastened 
with setscrews. Under these condi- 
tions, the pressure fitting is attached 
in the center of the cup. 

Pressure lubrication fittings are 
also used very commonly to lubricate 
the inside rolls of a troughing idler 
on à belt conveyor. The fitting may 
be extended out to the side where the 
lubricant can be forced in without 
danger to the oiler. Also, where the 
conveyor is placed close to a. wall 
the angular fittings with pipe ex- 
tensions are run up over the con- 
veyor, or underneath, and the lubri- 
cant applied from one side. 

The Keystone pressure system is 
also applied to conveyors, as is shown 
in an accompanying illustration. One 
such installation on a loading tower 
and conveyor consists of one 4-lb. 
lubricator taking care of a total of 
172 bearings on the turntable and 
conveyor. The piping is arranged 
for a three-way outlet, one to the 
conveyor and the other two to points 
in the control house. By means of 
the three-way outlet approximately 
one-third of the bearings are lubri- 
cated atatime. The three-way valve 
is then turned, another section lubri- 
cated, and so on. In this way one 
unit can serve a large number of 
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Both sides of this conveyor must 
be accessible for lubricating. 


However, if only one side were acces- 
sible all the Alemite connections could 
be extended to that side. It is notice- 
able that no single connection is made 
to more than two bearings. In this 
instance a three-pulley idler conveyor 
is equipped with Hyatt roller bearings 
which are lubricated by the pressure 
system. Two pieces of flexible hose 
from the pipe extending underneath 
the roll carry the lubricant to the 
bearings at the center of the conveyor. 


bearings. The farthest bearing 
reached is 90 ft. away. On the 
trolley which operates the clam-shell 
bucket, the eight sheave wheel bear- 
ings are connected to one 1-lb. 
lubricator. 

Belt conveyor idler roll bearings of 
the type which causes the belt roller 
shaft to turn in a bronze bearing 
are often designed with an oil hole 
and a wick and it is proper to em- 
phasize that unless belt idlers are 
turning in ball bearings or in some 
type of bearing which is designed 
so as not to require lubrication, much 
more care should be given to the 
oiling of the bearing through the 
oil hole provided for the purpose 
than it usually receives. Belt con- 
veyor idler bearings of this type 
should normally be gone over with 
an oil can at least once a week. 

Inspection of any belt conveyor 
which has not received proper lubri- 
cation attention will show a con- 
siderable number of idlers which are 
not properly turning because they 
have become clogged and inactive. 
While such lack of proper perform- 
ance of all parts of a belt conveyor 
may not be as detrimental a matter 


Application of Keystone fittings to 
a belt conveyor. 


Grease is forced by a compression gun 
through the header into the various 


bearing heads. In such cases the com- 
pression unit is generally placed near 
the center of the conveyor line and by 
manipulating two-way valves, the 
pressure is first applied at one end 
and then by turning the valve, at the 
other. 
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as the lack of proper performance 
of a part of some high-speed ma- 
chine, it is nevertheless, obvious that 
full efficiency is not obtained. 

It may be that the inability of a 
roll to turn may cause loads in 
transit to stick or become jammed 
in such a manner as to cause damage 
to them, or it may be that the bear- 
ings and rolls which have not been 
given proper attention will have to 
be renewed. It is evident that wear 
and tear on the belt of a belt con- 
veyor, will result when it is dragging 
over idlers which are not turning 
properly because of inadequate lubri- 
cation. 

The return system of a conveyor 
belt does not, as a rule receive the at- 
tention to its lubrication which it 
deserves. It is easily seen, however, 
that since the only part of the belt 
which is useful is that part actually 
used for handling the material, and 
because the friction losses are prac- 
tically independent of that useful 
load, the return system is as fully 
important as the load carrying 
portion. 

It is sometimes necessary to make 
repairs to conveyors. Many of the 
modern types of conveyors have pro- 
visions for removing the bearings 
and a small stock of extra bearings 
should always be carried on hand. 
Frequently, with gravity rollers, 
however, it is easier and quicker to 
remove the entire roller. Chain con- 
veyors require special provisions for 
replacements. 

Take-up and drive pulley bearings 
of belt conveyors, sprockets of chain 
conveyors and similar apparatus are 
normally fitted with grease cups or 
pressure fittings which should be 
given proper attention at suitable 
intervals. A good grade of bearing 
grease should be used and the cups 
should be turned or the pressure 
gun applied frequently enough to 
supply suitable lubrication. The 
drives of conveyors which employ 
gears should be given proper atten- 
tion by using a suitable gear grease; 
driving gears are frequently 
neglected. Where speed reducers are 


Lubrication of ball-bearing, trough- 
ing idler roll for a belt conveyor. 


This type of mounting and method of 
lubrication are recommended by the 
New Departure Manufacturing Com- 
pany for conveyor units. Here the 
three bearings at each side are lubri- 
cated through openings in the center 
of the shaft from the two outside ends. 
A lubricant is forced in by the pres- 
sure system, using a semi-fluid oil or 
light grease, which may be applied 
while the conveyor is in motion, as the 
revolving bearings tend to aid the 
entrance and distribution of the lubri- 


cant, 
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The bearing of a return roll. 


Here a pair of Timken roller bearings 

are placed at each end of the con- 

veyor return roll and lubrication is 

provided through a high-pressure fit- 

ting. is roll is manufactured by 

On Stearns Conveyor Co., Cleveland, 
o. 


used the oil reservoir should be 
emptied and refilled at intervals. 

For some types of work, roller 
bearings are employed in conveyors 
and suitable housings with the proper 
fittings are provided. Conveyors 
with tapered roller bearings, one at 
each end, with proper provision for 
lubrication are also used. 

A type of conveyor frequently em- 
ployed for handling package loads 
is constructed with slats attached to 
roller chains. Another type of con- 
veyor for a somewhat similar pur- 
pose is a form of chain conveyor 
wherein the load travels on moving 
chains. Also, certain types of in- 
clined and vertical elevating con- 
veyors for package loads employ 
moving chains. There is a very 
noticeable tendency on the part of 
maintenance men to overlook the im- 
portance of keeping these chains 
clean and lubricated properly. A 
mixture of oil and graphite is well 
suited for this purpose and all mov- 
ing parts of such a chain should be 
kept well lubricated. It is often 
advisable to place a lubricating mix- 
ture along the angle-iron or channel 
runways of chains. 

Care must be exercised by the at- 
tendants where all the idler pulleys 
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on a carrier frame, as on the trough- 
ing rolls of a belt conveyor, are 
lubricated through a single feed pipe 
to see that the grease reservoir is 
filled at each pulley. Sometimes in 
such cases the attendant stops when 
the reservoirs of the first two or 
three bearings are filled and does not 
supply enough lubricant or apply 
sufficient pressure to reach the bear- 
ings at the opposite end. Supplying 
separate pressure feed nipples for 
each pulley, or for each pair of 
adjacent bearings overcomes this. 

Gertain special uses of conveyors 
make necessary the employment of 
special-temperature oils. A con- 
veyor in the freezing room of an 
ice-cream plant or power-driven con- 
veyors in cold-storage rooms and 
similar places make necessary the 
employment of low-temperature oils. 
Conveyors that operate under com- 
paratively high temperatures may 
require special types of lubrication. 
Again, it is often necessary to em- 
ploy conveyors in ovens and similar 
places where the temperatures are 
so high that the conveyor must be 
designed to function practically with- 
out lubrication. 

The choice of a grease lubricant is 
very important. For most ordinary 
purposes a good grade of semi- 
liquid lubricant of about the consis- 
tency of vaseline is satisfactory. 
Bearings which are exposed to ex- 
cessive cold or moisture, usually re- 
quire special compounds. A semi- 
liquid lubricant, for example, would 
leak out of the reservoir if exposed 
to heat much above 100 deg. F. For 
such conditions, or any other unusual 
service problem, it is well to consult 
with a manufacturer of lubricants to 
get his advice and suggestions. In 
excessively hot locations in which the 
temperature rises higher than the 
melting point of the grease com- 
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pound, it is often necessary to adopt 
grease impregnated with graphite as 
a lubricant and sometimes to use es- 
pecially designed bearings. 

Bearings on conveyors subjected 
to acids or moisture offer a special 
problem. For example, gravity roll 
conveyors used in milk bottling 
plants must be flushed with hot 
water. For this service one manu- 
facturer uses a special sleeve bearing 
and shaft made of a non-corrosive 
alloy. No attempt is made to lubri- 
cate the bearings. 

In the case of light-duty conveyors 
there are many installations where 
even the occasional dripping of oil 
would be seriously objectionable. 
Conveyors which are installed along 
ceilings above delicate or perishable 
merchandise or other products must 
either be fully protected on the un- 
derside against any possible dripping 
of oil, or bearings which do not re- 
quire oiling must be used. An ex- 
cellent example of this is found in 
department stores where the belt 
conveyors pass along the ceiling over 
counters filled with delicate mer- 
chandise. On such conveyors im- 
pregnated oilless wood bearings are 
often employed, so as to eliminate 
any trouble from oil dripping. 

From the foregoing it is evident 
that each application of conveyors 
must be determined upon after a 
definite understanding has been ob- 
tained of all the requirements. The 
question of lubrication is not alone 
one of design, but it is also a ques- 
tion of the use which is to be made 
of the conveyors, and the place where 
they are to be installed. 

Operating executives will do well 
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Flush fittings are used where the 
conveyor bearings travel. 


Projecting fittings would be likely to 
be knocked off; so the fittings on this 
Stephens-Adamson conveyor are set 
into the end of the bearing with the 
ball check-valve on the high-pressure 
Alemite-Zerk nipple flush with the end 
of the wheel shaft. The attendant can 
lubricate the bearings as the conveyor 
passes him. 
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Cross-section of a removable bear- 
ing in a gravity roller conveyor. 


In many cases the lubrication of 
gravity rollers is a secondary matter, 


the balls from oxidation. n this 
roller, which is manufactured by The 
Lamson Company, the bearing unit is 
removable for inspection and re- 
greasing. 


to obtain definite recommendations 
regarding proper lubrication from 
the conveyor manufacturer. In gen- 
eral, the efficiency of conveying 
equipment now in operation for han- 
dling package loads would be greatly 
increased, possible dissatisfaction 
would be eliminated, and the cost 
of maintenance would be reduced by 
much more careful attention on the 
part of superintendents and main- 
tenance men to the rhatter of lubrica- 
tion. It is highly advisable for the 
Maintenance Department of every 
plant, if it has not already done 
so, to introduce a system of periodical 
inspection of conveying apparatus 
and attention to lubrication. There 
are certain installations of conveying 
apparatus in types of organizations 
where a regular plant Maintenance 
Department is not maintained. In 
such organizations, someone with an 
aptitude for and understanding of 
mechanics should be designated to 
keep the conveying equipment oper- 
ating efficiently. 

Equipment for the storage and 
handling of lubricating oils and 
greases will be discussed in another 
article which will appear in an early 
issue. 

EDITORS’ Note: Special acknowledg- 
ment is given to C. G. Agry, The Lam- 
son Co., Syracuse, N. Y., and to V. D. 
Green, The Stearns Conveyor Co., 
Cleveland, Ohio, for assistance in the 
preparation of this article. Other com- 
panies co-operating are: The Bassick 
Mfg. Co., Chicago, III.; Carr Fastener 
Co., Cambridge, Mass.; Dodge Mfg. 
Corp., Mishawaka, Ind.; Gifford-Wood 
Co., Hudson, N. Y.; Hyatt Roller Bear- 
ing Co., Newark, N. J.; Keystone Lubri- 
cating Co., Philadelphia, Pa.; The Lam- 
son Co., Syracuse, N. Y.; Link-Belt Co., 
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Chicago, III.; Mathews Conveyor Co., 
Ellwood City, Pa.; McCord Radiator 
and Mfg. Co., Detroit, Mich.; The New 
Departure Mfg. Co., Bristol, Conn.; 
Standard Conveyor Co., North St. Paul, 
Minn.; Stephens-Adamson Mfg. Co., 
Aurora, III.; The Stearns Conveyor Co., 
Cleveland, Ohio; and The Timken Roller 
Bearing Co., Canton, Ohio. 


Bucket Safer than Handline 
for Raising Tools 

N MANY plants workmen are for- 

bidden to carry tools or materials 
up a ladder, because of the danger to 
the men themselves and to others 
who may be passing underneath. In 
consequence it is common practice 
to use a handline. The handline is 
let down and the helper ties on the 
tools or material that is to be raised. 
This whole procedure often involves 
much delay, and is more or less 
dangerous. Sometimes the knots 
made by an unskilled man slip and 
the load drops. It is therefore appar- 
ent that this method of raising mate- 
rial is a hazardous one. 

This danger has been overcome in 
one plant by the use of a bucket that 
is large enough to accommodate most 
articles that are raised by a hand- 
line. The principal features of this 
bucket, which is shown in the ac- 
companying illustration, are that it 
is deep in proportion to its diameter, 
and that the heavy bail is fixed 
rigidly to it. While the bucket is 
suspended from a rope, a wrench 
with a handle 5 ft. long can be raised 
without danger of its slipping out of 
the bucket, or tipping it. 


D. W. BLAKESLEE. 


Electrical Engineer, 
Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 
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The bail is rigidly fixed to this 
bucket, to prevent tipping. 
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Improved Methods of 


Exhausting Fumes 


from metal cleaning, plating and japan spraying 
operations, that brought about better working condi- 
tions and improvement in the quality of product 


UCH can be done by oper- 
M stine industrial engineers 

towards obtaining better 
working conditions while making 
changes in equipment which reduce 
production costs. An interesting 
example of this resulted from some 
studies I made on methods of re- 
moving fumes and vapors from acid 
pickling tanks, plating solutions, and 
so on. The importance of adequate 
provision for fume and vapor re- 
moval was emphasized during a 
recent visit to a number of indus- 
trial plants. In practically every 
plant the hood system was used for 
this purpose and the fumes were 
drawn up past the faces of the at- 
tendants before entering the hood of 
the exhaust system through which 
they were removed. 


By C. D. CORWIN 


Works Engineer, Corona Typewriter 
Company, Inc., Groton, N. Y 

Although this method of removal 
prevents the formation of heavy 
steam clouds in the room, it does not 
eliminate disagreeable working con- 
ditions for the operators. When 
confronted with this same problem 
nearly three years ago I decided, 
after studying the conditions, that 
the place to catch fumes, vapor, and 
gases was at, or as near to, the point 
of their generation as possible. At 
the outset, such a problem appears 
very easy of solution. As soon, how- 
ever, as the various factors which 
must be considered are investigated, 
the problem takes on an entirely 
different aspect. 

This type of problem is com- 
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Fig. 1—Fumes are drawn away 
from the surface of these copper 
plating tanks. 


The construction of the box-like ex- 
haust hoods which were placed at 


the to alongside each tank is 
shown in Fig. 2. This type of ex- 
haust improves working conditions 
in that the platers do not have to 
put their heads into the fumes as 
was the case with the canopy type 
of exhaust, Fig. 3, which had been 
used previously. 


plicated by the fact that the equip- 
ment under consideration is usually 
regarded as non-productive rather 
than productive apparatus. Or, to 
put the statement in another way, 
operating men are naturally seeking 
production at lower costs and, conse- 
quently, either know definitely or, 
from their knowledge of the situa- 
tion believe, that this and many 
other types of problems which they 
are called upon to solve are classified 
as an expense rather than tending 
to reduce costs. 

Included in such problems as have 
arisen along this line, are two which, 
I believe, will be of interest to many 
cther plant engineers. Available 
data for the solution of many of 
these problems seems to be lacking 
and this is to be expected, although 
the problems present themselves in 
some form in every industry per- 
forming plating, japanning or sim- 
ilar process work on small parts. 
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The first of these problems was 
the design of suitable exhaust hoods 
for a section of our plating appara- 
tus. In our cleaning and electro 
copper plating department, iron 
tanks approximately 24 in. wide by 
48 in. long by 30 in. deep are used. 
The solutions are maintained at 
about 212 deg F. and as a result 
considerable steam and disagreeable 
fumes arise. Also, in preparing 
brass parts for plating, the succes- 
sive acid dips give off very dis- 
agreeable fumes, one of which is 
nitrous oxide. 

The original system of exhaust 
hoods followed the common practice 
of placing the hoods above the 
various tanks and, to keep them out 
of the way of the men, the lower 
edges of the hoods were located 
about 6 ft. above the floor. Fig. 3 
shows the old type of canopy hoods 
and the manner in which they were 
installed on the vats at the far end 
of the room. While this arrangement 
removed the fumes and prevented 
the contamination of the air of the 
entire room, working conditions were 
not entirely satisfactory. Therefore, 
a better method of handling the 
fumes was sought. 

The operators require access to 
one side and to one end of each tank 
and the steam and electrical connec- 
tions are made at the opposite end. 
The tanks, therefore, for ease of 
connections and operation are set in 
pairs. Common sense applied to this 
problem indicated that the place to 
catch the fumes for removal was at 


\ 
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Fig. 2 Perspective view of exhaust 
hoods on plating tanks shown in 
Fig. 1. 


Fumes or vapors are drawn into the 
box-like exhaust hoods along both 
sides of each plating tank through 
the narrow slots which are placed 
practically at the surface. In this way 
the fumes do not rise high enough 
to bother the plating room workers. 


the surface of the tank, thus pre- 


venting the operator from being 
forced to work around and in the 
fumes. 

With this idea in mind, two ex- 
perimental hoods were built up as 
shown in detail in Fig. 2 and also 
in Fig. 1, which is a view of the 
actual installation. These hoods were 
built in pairs, right and left, to fit 
on each side of the plating tank. 
Various suction pressures were tried 
out on these hoods. Also the width 


Fig. 3—The canopy hoods at the 
end of the room were replaced as 
shown in Figs. 1 and 2. 
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of the mouth or opening was varied 

in an attempt to determine the best 
shape and size. These were first 
made up with a removable strip 
which could be taken out and 
planed off. This was done so as to 
secure a proper opening by trial, as 
I appreciated that it is practically 
impossible to take into consideration 
all of the variables which would 
enter into the computation of the 
size of the opening. Comparatively 
little time and energy were required 
to reach a satisfactory design. 

It was found that an opening or 
slot 4 in. wide at the end farthest 
removed from the uptake pipe and 
tapering down to 34 in. opening at 
the end nearest the uptake gave 
practically a uniform suction of air. 
The suction pressure required at this 
opening to remove the fumes and 
vapors was 2-in. water column. 
Each branch uptake pipe is 4 in. in 
diameter. 

To resist the corrosive action of 
the moist fumes, the hoods were 
built up of cypress which was thor- 
oughly painted before assembly with 
two coats of asphaltic paint and 
with one coat after assembly to 
cover all screw heads and the joints. 
Black iron which was used for the 
uptake piping, was thoroughly coated 
inside and outside with an acid- 
resisting paint of asphaltic base. 
The use of wood for this piping 
would have entailed considerably 
more labor and would not have re- 
sulted in as sightly or as tight a 
construction. 

The two uptake pipes from the 
strong acid dip were made of sheet 
lead up to a point where they con- 
nected to the horizontal run. Sheet 
lead was also used instead of wood 
for these two special hoods. It would 
have been difficult to make these 
from wood because they fit over 
circular jars. 

Aside from the efficiency of the 
system, the general appearance of 
the department was greatly im- 
proved by the removal of the large, 
unsightly canopy hoods, as is easily 
seen by comparing Figs. 1 and 8. 

Another example of an exhaust 
hood which overcame difficulties and 
better working conditions is on a 
booth used for holding the work 
while it is being sprayed with finish 
japan. Spray booths, as usually 
constructed, are of two general 
types: One type carries its own fan 
for removing fumes and vapors 
while the other type, which is built 
box-fashion, is connected to a gen- 
eral exhaust system. In either type, 
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most of the air exhausted from the 
booth passes around and against the 
object being sprayed and unless 
the air is thoroughly washed and the 
clothes worn by the operators are 
Free from lint and dust, there is sure 
to be some dust and lint flying about 
in the air. However, where a me- 
diocre finish is acceptable there is 
no objection on this ground to the 
ordinary type of booth. On the other 
hand, where only products with a 
fine finish and high gloss are passed 
by the inspectors, many rejections 
may be avoided by designing a booth 
which does not draw air from the 
room past the work as it is sprayed. 

The booth which was designed to 
overcome this difficulty was made 
from No. 20 gage black iron and 
consists of two pieces, the main body 
or booth, which is quite similar to 
the ordinary spraying booth, and the 
enveloping hood as shown in Fig. 4. 
This hood is made up as a separate 
piece and fastened to the booth by 
small bolts with thumbnuts so as to 
facilitate the cleaning of the booth. 
For our particular needs, we use a 
booth proper which rests upon a 
fixed, flat-bottomed base supported 
by suitable legs from the floor. The 
bottom is, therefore, easy to clean 
by the removal of the booth. 

Our typewriter frame receives its 
finish coat in this type of booth. To 
facilitate the spraying operation a 
turntable is mounted on the base 
which forms the bottom of the booth 
when all is assembled. An exhaust 
pipe leads out from the top of the 
enveloping hood, as indicated in 
Fig. 4. This exhaust, in turn, is con- 
nected to a general exhaust system. 
In developing this type of booth, 
various sizes of opening between 
the hood and the fixed booth were 
tried out. It was found that an 
opening 1 in. wide near the base 
and decreasing to f in. wide near 
the top with a 2-in. suction head 
gave satisfactory results. 

A study was made of the currents 
of air produced by this type of hood, 
to see how it worked. This was 
accomplished by using a smoldering 
piece of waste, which would produce 
a good volume of smoke, and moving 
it about in front of the opening of 
the hoad or booth. 

Important advantages of this type 
of booth lie in the fact that it is 
easy to clean and that only the air 
current carrying the sprayed ma- 
terial is forced against the object 
being sprayed. Extraneous matter 
in the air in the room is immediately 
pulled to the sides and into the suc- 
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Fig. Arrangement of special 
hood on spray booth. 
Any dust or lint in the air of the 


room is drawn away through the 
special hood at the front of the booth 
and does not pass the freshly sprayed 
work, as is the case in many types of 
booths, The sketch at the right shows 
a side view of the booth; the dotted 
line indicates the varying width of the 
exhaust opening. 


tion openings, and does not get near 
the newly sprayed parts. This 
helped us to obtain a product free 
from dust spots. Also, working con- 
ditions are improved because the 
fumes do not come back into the 
operator’s face, due to the effective 
suction air screen obtained by the 
design of the booth. 


Factors That 
Influence Efficiency of 
Window Lighting 


HE fact that dirt collects on win- 

dow glass and thus reduces its 
ability to transmit light, is a matter 
of common knowledge. However, 
the extent of this reduction under 
different conditions is not 80 well 
known. Interesting data on this sub- 
ject were presented by W. C. Randall 
and Allen J. Martin in a paper read 
before the Twentieth Annual conven- 
tion of the Illuminating Engineey- 
ing Society held Sept. 7-10. The 
data given were obtained for and by 
the Department of Engineering Re- 
search of the Detroit Steel Products 
Co., and the Department of Engi- 
neering Research of the University 
of Michigan, Prof. H. H. Higbie di- 
recting this phase of the investiga- 
tion for the university. 

It is a fairly well-known fact that 
glass on the slope in the roof of a 
building will admit more light than 
will the same area on the vertical, 
when the glass is clean. However, 
with dirt collecting faster on the 
sloping glass than on the vertical 
this advantage is rapidly lost and 
at the end of, say, six months’ time 
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there is little to be said in favor of 
the sloping glass. 

From the data obtained it is evi- 
dent that the dirt which collects on 
glass is not equally distributed on 
the two surfaces, but that on the 
average about 75 per cent of the dirt 
is on the inside surfaces, under usual 
working conditions. This is prob- 
ably due to the fact that some of the 
outside dirt is blown off by wind or 
washed off by rain, although this 
may not always be the case in foun- 
dries, forge shops, and the like. 

There prevails a well-established 
custom which does much to reduce 
the efficiency of window lighting is 
that of giving the windows an an- 
nual washing in the spring of the 
year. During the winter months 
daylight is at its lowest value and 
every possible means of utilizing it 
should be resorted to. Windows 
washed, say, in May, will have a 
seven months’ accumulation of dirt 
upon them in December and will be 
less than 50 per cent efficient, when 
even 100 per cent efficiency will some- 
times inadequately light the building. 

If a once-a-year schedule is ad- 
hered to, washing in the fall is the 
most logical time, for then in Janu- 
ary, February and March the win- 
dows will still be fairly clean and 
will be considerably more efficient on 
account of a lighter collection of dirt 
for the time between a clean condi- 
tion and the time when lighting by 
natural means is a problem in many 
plants. 


The data obtained in the studies 
made permit the following conclu- 
sions to be drawn: 


(1) The light transmission of win- 
dow glass decreases with the time of 
exposure to dirty atmosphere. 

(2) The light transmission of win- 
dow glass decreases with the increase 
in slope from the vertical, due to the 
collection of dirt. 

(3) There is very little difference in 
the amount of dirt collected by various 
types of glass for the same length of 
time, but some glasses clean more 
easily than others. 

(4) On the average, about 75 per 
cent of the dirt on windows is on the 
inside of the glass. 

(5) If windows are washed but 
once a year this should be done in the 
fall in order to utilize them when the 
need is greatest in the winter. 

(6) A considerable betterment in the 
natural illumination of a building may 
be effected by washing the inside of 
the windows only at shorter periods 
than is customary when the entire win- 
dow is washed. 

(7) In manufacturing buildings, 
much dirt can be removed by a damp 
cloth and at relatively little incon- 
venience. In most factory buildings 
some more effective method is neces- 
sary. 
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Special Insulation for 


Wire Used in Repair Work 


with a discussion of the practical details involved in 
handling and treating these coverings in order to 
obtain the best operating results 


BY A. C. ROE 
and 
D. H. BRAYMER 


Consulting Editor, Industrial Engineer 


N THE September issue informa- 
| tion was given in tabulated form 

on the insulation of magnet wire 
in round and square forms, and the 
possible substitution of square for 
round wire in repair work was con- 
sidered at length. In what follows 
similar details are discussed for 
special insulations that are used 
when small space and high tem- 
peratures must be taken into con- 
sideration. 

Single-Silk-Covered Wire. — Table 
I gives the insulated sizes of single- 
silk-covered wire. By comparing the 
single-cotton covering with single- 
silk covering (see Table IV, August 
issue, page 366) it will be found that 
the insulated diameter of the silk- 
covered wire is less than that of the 
cotton-covered wire, but that the in- 
sulated diameter of enameled wire is 
smaller than either of the above in- 
sulations. 

Wire with single-silk insulation 
finds very little use in repair work 
on rotating electrical machinery. A 
silk covering is better mechanically 
and electrically than cotton, but the 
single-silk covering on wire costs 
more, so that the price per pound of 
this wire is more than for wire with 
cotton or enamel insulation. Before 
the advent of good enameled wire, 
silk-covered wire was largely used in 
fan motor work for both armature 
and field windings, single-phase 
stator windings and other small mo- 
tor windings. This covering will 
stand more handling than will plain 
enameled wire and for this reason it 
can be successfully used in the start- 
ing windings of small, split-phase 
motors and in deep windings where 
the crushing effect of a large num- 
ber of layers would tend to produce 
short-circuits in plain enamel-cov- 
ered wire. Silk covering will not 
stand heating as well as cotton does, 
and for this reason it should not be 


used where the temperature rise is 
high. 

The sizes recommended for a re- 
pair shop stock of single-silk-covered 
wire are Nos. 23 to 80 inclusive. 

Silk and Enamel Covered Wire.— 
With this insulation there are avail- 
able the single-silk and enamel- 
covered wire and the double-silk and 
enamel-covered wire. Table II gives 
the insulated sizes, pounds per 1,000 
ft. and ohms per pound of these 
wires. These two classes of cover- 
ings are seldom used for repair jobs 
and are employed only in the finest 
grade of new work where a minimum 
amount of space calls for a maximum 
of high-grade insulation. 

Gum-Treated Wire.—There is an- 
other type of double-cotton-covered 
wire, termed gum-treated wire. This 
wire can be used in the stator wind- 
ings of the old type Westinghouse 
CCL motors, using a two-layer, dia- 
mond-shaped coil, these coils being 
of the threaded-in type. Gum-treated 
wire never becomes hard or brittle, 
but always retains a slight tackiness 
and has high dielectric strength. 
When used on shuttle-wound coils the 
wires hold their shape better than 
ordinary d.c.c. This wire is a great 
time saver on breakdown jobs, 
where insulated, wire-wound coils for 
open slot machines of low voltage 
(110 to 550) are required as the coils 
can be wound on a shuttle, pressed 
or pulled to shape and insulated, and 
then given the final dip, thus elim- 
inating the dip before insulating and 
saving at least 8 to 10 hr. and allow- 
ing the job to be pushed through 
without a stop. 

This wire is valuable for use in 
1,100- to 2,200-volt coils as a dip be- 
fore insulating provides a well- 
treated coil. Gum-treated wire can- 
not be used to any advantage for 
mould-wound coils as the sharp bends 
and pounding ruin the coverings. 

Triple-cotton-covered wire is used 
where high mechanical strength is 
required, as in large coils using con- 
ductors of No. 6 and up to 4-0. 
Triple cotton covered and enameled 
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THIS ARTICLE supplements 
those that have appeared in 
the July, August and Septem- 
ber issues on wire and in- 
sulation used for motor and 
magnet windings. Limita- 
tions of space and high tem- 
perature cenditions call for 
special consideration in the 
size of wire and kind of in- 
sulation used. In this article 
the practical application of 
silk-covered and asbestos- 
covered wire is taken up, 
together with the use of 
aluminum wire with an in- 
sulating oxide coating for 
motor field and armature 
coils. 


wire can be obtained. It has high 
dielectric and mechanical strength. 

Asbestos-Covered Magnet Wire.— 
This wire is made in round, square 
and ribbon shapes, under the trade 
names of Rockbestos, Salamander 
and Deltabeston. 

In making Rockbestos wire, a 
special cement is used to cement the 
insulation to the wire. This cement 
renders the wire moistureproof and 
gives a finish that helps the insula- 
tion to resist mechanical abrasions, 
while being wound or shaped into 
armature and field coils, or other 
types of coils. 

Asbestos wire will stand higher 
temperatures than any other insu- 
lated wire. There are three grades 
of round Rockbestos wire: White, 
Black and Amber, or Type PN. 

The White will absorb machine oil, 
but will not be injured by the oil. 
This covering is not impervious to 
acids or moisture unless further 
treated. | 

The Black is impregnated with an 
asphaltic base: hence it is not oil- 
proof. The ordinary concentrations 
of acids have very little effect on this 
covering and it is also practically 
moistureproof, absorbing 0.25 per 
cent after 48 hr. immersion in water. 
The Black will also absorb other im- 
pregnating varnishes more readily 
than the White. 

The Amber or Type PN covering 
is the best for all-around repair shop 
use, but at the same time it is the 
most expensive. This covering has 
all the advantages of both White and 
Black, and in addition has a higher 
mechanical strength which permits 
the winding of more difficult coils. - 

This class of wire finds its greatest 
use in the rewinding of over-loaded 
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Diameter Feet per Pound 
B. & S. Bare Wire 


Gage | in Ino hes 
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82228 


27,900 


motors and generators, primaries of 
welding transformers, no-voltage re- 
lease coils, holding coils, etc. 

The above brings out a word of 
caution when using asbestos in re- 
winding any type of apparatus sub- 
ject to high heat. Use heat-resisting 
materials throughout. For example, 
if a coil is wound with asbestos wire 
it should be finished with asbestos 
tape and impregnated with Liquid 
Bakelite so as to make the job thor- 
oughly insulated throughout. 

Table III gives the insulated sizes 
of Rockbestos round wire, B & 8 
gage, and also the weight per 1,000 
ft. Table IV gives the insulated 
sizes of Rockbestos square wire, and 
the pounds per 1,000 ft. 

Another asbestos-covered wire is 
known as Salamander, Deltabeston 
and WE Finish. This wire also 
comes in the White, Black and Am- 
ber colored insulation. In this case 
the white will absorb other varnishes 
better than the black grade. 

A recent development in fireproof 
magnet wire is to finish the insula- 
tion on the outside with an enamel- 
like compound. In the case of Sala- 
mander wire this is known as “WE” 
finish, the “WE” meaning white 
enamel. This wire, however, does 
not have a white appearance. It is 
passed through a furnace and when 
completed it is of amber color. A 
more recent product is the “AV” fin- 
ish; this has a compound on the as- 
bestos covering which when heated 
to a high temperature will soften and 
adhere tightly to the wires next to 
it so that the entire mass of wire 
finished with this product becomes a 


Table I—Dimensions, Length, Weight and Resistance of 
Silk-Covered, Round Magnet Wire 
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Pounds per l. 000 Feet 


Nors: S.S. equals single-silk covering; D.S. equals double-silk covering. 
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Ohms per Pound 


D.S S.S. D.S 
8.00 .509 501 
6.33 . 809 800 
5. 1.29 1.27 
4. 2.03 2.01 
3. 3.22 3.18 
2. 5.12 5.04 
2. 8.15 7.97 
l. 2.9 12.6 
1. 0.5 20.0 
l. 2.3 31. 
; 3 

2 


withstand 
vibration. The two wires having 
these finishes are, of course, not 
treated with soapstone, because it is 
the desire to have the insulation ad- 
here to the insulation of the wires in 
the next layers in the coil. 

Another product which is quite 
similar to Salamander wire, but 
which is made on a different style of 
machine carries the trade name 
“Deltabeston.” There have been 
some other heatproof wires offered, 
but cotton or some other cover- 
ing has been used to hold asbestos 
tape or some such fireproofing ma- 
terial on to the copper. These prod- 
ucts are, however, only semi-fire- 


solid coil which will 


covering. 


Table II—Dimensions, Length, Weight and Resistance of 
Silk- and Enamel-Covered, Round Magnet Wire 


.. alr Te 


Diameter Feet per Pound Pounds per 1,000 Feet Ohms per Pound 
B. & S. Bare Wire „ 5 aig 
Gage in Inches S.S.-En. | D.S.-En. S.S.-En. | D.S.-En. S. S.-En. D.S.-En. 
16 .0508 125.9 123 8.00 8.13 301 . 493 
17 .0453 158 154 6.33 6.49 . 800 . 779 
18 .0403 199 194 5.02 5.15 1.27 1.24 
19 .0359 250 244 4.00 4.10 2.01 1.96 
20 .0320 314 306 3.19 3.27 3.18 3.10 
21 0285 395 383 2.53 2.61 5.05 4.89 
22 0253 497 480 2.01 2.08 8.02 7.75 
23 0226 625 600 1.60 1.67 12.7 12.2 
24 0201 785 751 1.27 1.33 20.1 19.2 
25 0179 985 940 1.01 1.06 31.8 30.3 
: : 50.5 47.7 
79.6 ; 
126 


31 0089 3,820 3,490 255 . 287 497 453 
32 0079 4,760 4,310 210 . 232 779 705 
33 0071 5,950 5,310 . 168 188 1.230 1,100 
34 0063 7,410 6,520 135 133 1.930 1.700 
35 0056 9,200 7,950 109 126 3.020 2,610 
36 0050 11,500 9,070 0870 . 103 4,760 4,000 
37 0044 14.200 11.700 0705 . 085 7,420 6,120 
38 . 0040 17.500 14,000 0572 0715 11,500 9,220 
39 . 0035 21,600 16.800 . 0463 . 0595 17,900 14,000 
40 0031 26,600 19,800 0376 . 0505 27,900 20,700 


Nore: S.S.-En. equals single-silk and enamel covering; 


See 
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proof for should the cotton burn out, 
the wires will become loose and vi- 
brate to such an extent that the 
fireproof material will pulverize and 
shake out of place. 

White asbestos and single-cotton 
covered, and white asbestos and 
double-cotton covered wire is used 
principally for field coils, in which a 
large size wire is employed that is 
wound straight and then bent to 
final shape, or for coils that require 
considerable shaping. These coils 
should always be impregnated with 
varnish. When the full heat-resist- 
ing qualities are required, other 
heatproof materials must be used in 
the construction of the coil. 

The cotton covering over the as- 
bestos is used for mechanical rea- 
sons, to provide space between con- 
ductors and prevent the abrasion of 
the asbestos covering. In armature 
coils using three or five ribbon or 
round wires in hand, the even- 
numbered conductors, as 2 and 4, 
can be reinforced with one or more 
layers of cotton and the odd num- 
bers, as 1, 3, and 5 may have just 
the asbestos covering. 

There is another type of insulated 
wire that is still in the development 
stage, but has promising possibilities. 
This is a paper and cotton insulated 
wire. A layer of tough, flexible, 
high-grade paper is applied next to 
the copper and one or more layers 
of cotton are then applied over the 
paper. The results claimed are high 
dielectric and mechanical strength. 


Aluminum Wire.—Ever since 1907 
aluminum wire with an insulating 


| 
D.S.-En. equals double-sìlk and enamel | 
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Table III— Bare and Insulated Dimensions of Asbestos- 
Covered, Round, Copper Magnet Wire 


Bare Wire 


Diameter, Area, 
Circular Mils 


oxide coating has been tried out for 
use in field and armature coils, and 
the reason for its restricted use to 
date will be given in the following 
discussion. 

The one great advantage of 
aluminum wire is its light weight. 
For the same cross-section as copper, 
aluminum has only 30 per cent of 
the weight of copper. On the other 
hand, the conductivity of aluminum 
is between 60 to 62 per cent of the 
Matthiessen standard, while copper 
is 98 per cent of this same standard. 

Considering two wires, one copper 
and another aluminum, both having 
the same cross-section, say No. 1, and 
both 493 ft. long, the resistance of 
the copper is 0.062 ohm, while the 
aluminum wire will have a resistance 
of 0.098 ohm. 

Assume a circuit in which the cur- 
rent flowing is 100 amp. With the 
copper wire the amount of heat gen- 
erated will be 100’ X 0.062 = 620 
watts. With the aluminum wire hav- 
ing a resistance of 0.098 ohm, to pro- 
duce the same heating effect, a cur- 
rent equal to 620 — 0.098 = 80 
amp. approximately, can only be car- 
ried. Therefore, to have the same 
heating, cross-section and length, the 
aluminum wire can carry only 80 per 
cent of the current carried by the 
same size copper conductor. 

On the above basis, to replace cop 
per wire with aluminum in an exist- 
ing field coil, if the size of wire and 


Diameter Over 


changing. 


Rock bestos Covered Wire 


Approximate , 
Approximate 
Quantity on 

Reels in Pounds 


Approximate 
Pounds per 
1,000 Feet 


Insulation in 


6. 
8. 
6. 
5. 
4. 
3. 
2. 
2. 
l. 
i: 
l. 


turns are kept the same, the ampere 
turns per coil for the aluminum 
would be 80 per cent of the copper 
coil for the same heating. Then, to 
increase the ampere turns, the size 
of the conductor or turns per coil 
must be increased. The insulated 
size of the aluminum wire is smaller 
than the insulated size of the cor- 
responding d.c.c. wire; therefore, the 
diameter of the aluminum wire can 
be increased a small amount to match 
the insulated size of d.c.c. copper, or 
if the copper is round, the aluminum 
can be made square and thus add 
about 20 per cent to the cross-sec- 
tion. This is the limit without in- 
creasing the coil size and if the above 
does not provide the required number 
of amper turns at the correct tem- 
perature, then the next thing to do 
is to increase the cross-section and 
reduce the amount of insulation 
around the finished coil, or drop 
some of the turns. 


The larger the size of wire the 
greater will be the difficulty in 
On the smaller sizes of 
wire, such as are used in shunt field 
coils, aluminum can be used, as the 
percentage of cotton in the coil is 
greater and this space can be re- 
placed with aluminum. In order to 
have the same resistance per given 
length, aluminum wire must have 64 
per cent greater cross-section than 
copper wire. With fine wire copper 
coils using enamel covered wire, the 
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chances of using aluminum to replace 
copper are greatly reduced. 

Mechanically, the oxide film on 
aluminum wire is more easily injured 
than a double cotton covering and the 
wire cannot be repaired, in the rib- 
bon, square and strap grades, so 
easily as the copper, insulated wire. 
Also, soldered joints are harder to 
make with aluminum wire. 

From the above it is obvious 
that there is little use for aluminum 
wire in the repair shop. 

There is a class of double cotton 
covered round magnet wire that will 
be found a time saver in shops where 
the facilities for tinning coil leads 
are inadequate. This wire is tinned 
d.c.c. and can be had in most all of 
the B & S gage sizes. The bare cop- 
per wire is tinned before the cotton 
insulation is applied. 

This wire costs from a half cent 
per pound more for the larger sizes, 
No. 9 and up, to 2 cents per pound 
more down to No. 18 B & S gage. 
The cost of tinning a set of coils in 
most cases offsets the extra cost of 
the material, but the tinned wire 
makes a better and safer job and 
also speeds up rewinding work. This 
applies particularly to coils that are 
wound in paper cells and sleeved 
while winding, as it is necessary to 
push back the sleevings before tin- 
ning the leads and pull the sleeves up 
again after tinning. The use of 
tinned d.c.c. wire eliminates this 
extra work, thus saving time and 
money in the end. 

The following remarks pertain to 
the use of wire in general, and offer 
some practical hints on handling 
wire. 

Insulated wire from the various 
wire manufacturers ‘will vary in the 
quality of the insulated coverings: 
that is, in the use of different grades 
of material, the method of applying, 
and so on. Also, some wire will be 
soft and other wire springy. The 
best way to determine which wire is 
the best for all around, dependable 
repair shop use, is to make a number 
of tests. Bend the wire under ten- 
sion and loose around sharp corners 
and note the separation of the in- 
sulating strands. With insulated 
ribbon wire bent on edge, it will be 
found that some grades of wire will 
skin more when bent under pressure 
with steel tools than do others. 

Make a few tests and select the 
source or sources of supply that 
meet with the general requirements. 
Check the manner in which the wire , 
is wound onto the reels, when re- 
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ceived. Wire should be put up on 
reels in even layers and applied and 
wound on tight, particularly in the 
smaller sizes, as loose wire on reels 
will give considerable trouble when 
used to wind small armatures with 
coils of a large number of turns 
when tension is applied to the rim of 
the wire reel or spool, since the run- 


ning end of the wire will imbed it- 


self and cause breakage or stretching 
and waste time in stopping. 

The above is a point to keep in 
mind when reeling off wire from a 
full to an empty reel. When the job 
on hand requires more than one reel 
of wire, take enough time to wind the 
wire on the new reel tight and even. 

Another point of interest in the 
use of wire directly from the reel to 
the winding machine, is to use a sup- 
porting rod that has a diameter that 
will make a sliding fit, through the 
hole in the reel. A smaller diameter 
rod will result in a jerky tension, 
particularly on starting and stopping 
and at slow speeds. The accompany- 
ing illustration explains this. In 
it is shown a 24-in. reel, with a 2-in. 
opening, mounted on a l-in. rod. 
Note how the reel has an underhung 
appearance. A pulling force F ap- 
plied at B will swing the reel 
through the distance A and then pull 
up the heavy end CD. As the pulling 
force F is released the reel will drop 
back until the distance A becomes 
normal. This action is repeated at 
each start and stop. Thus, the use of 
a small rod tends to make the vertical 
center line a lever, with the point C 
the fulcrum, BC the pressure line, 
and CD the weight line. With the 
use of a larger rod the swinging dis- 
tance A is decreased, which reduces 
the rocking until a sliding fit rod 
makes BC practically equal to CD, 
resulting in smoother tension. 

Sometimes when bending strap 
copper on edge around a small pin, 
the outside edge will crack open, or 
the strap will split in half. If the 
strap is being fed from the reel, 
turning the strap over will reduce 
breakage. 

A pair of ordinary scissors makes 
a fine wire scraper to use when wind- 
ing coils with d.c.c. wire, where the 
leads are skinned before cutting the 
wire. 

When using the scissors, hold them 
in the hand as for ordinary cutting 
and open the blades about half-way. 
Place the open scissors over the wire 
so that the wire is in the bottom of 
the V formed by the open blades. 
Next, hold the scissors so that the 
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When taking wire from a full reel 
use a supporting rod that will 
make a sliding fit. 


A small rod tends to make the verti- 
cal center line a lever with the point 
C the fulcrum, BC the pressure line 
and CD the weight line. With the 
larger rod the swinging distance A 
is reduced and BC is more nearly 
equal to CD, resulting in smoother ten- 
sion and pull. 


blades make an angle of 30 to 40 deg. 


with the top of the wire and draw 
the scissors along the wire toward 
you, at the same time exerting a 
slight pressure on the scissors, and 
the cotton covering will fall off, as 
this method cuts the covering on 
both sides of the wire. The drawing 
action should be made quickly. 
When coils made from d.c.c. wire 
or ribbon are to have their leads 
dipped in one or more coats of var- 
nish, before skinning the insulation 
off for tinning, the wire will be hard 
to clean, for the varnish will pene- 
trate the cotton covering. A method 
of removing the treated cotton cov- 
ering easily is to dip the portion of 
the leads to be skinned in hot paraffin 
before the varnish treatments. 
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Method of Handling 
Acetylene and Oxygen Tanks 


HE use of oxy-acetylene torch 

cutting equipment in large indus- 
trial works has now reached such a 
stage that a number of truck loads 
of tanks per day may be required. 
To reduce the labor cost of unloading 
these tanks, one large industrial 
plant uses the following method. A 
piece of 8-in. channel iron, 10 ft. 
long, was cut and bent as shown in 
the accompanying illustration. With 
this arrangement the truck driver 
and his helper do not require any 
assistance in removing the tanks 
from the truck. 

A certain amount of care should 
be taken when handling the tanks. 
They should not be permitted to fall 
or receive other hard knocks, 
especially on the valve end. The 
tanks should be stood on end with 
the valve up and precautions taken to 
prevent their being knocked over. 


D. W. BLAKESLEE. 


Electrical Engineer, 
Jones & Laughlin Steel Corp., 


Pittsburgh, Pa, 
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The tanks are removed from truck 
by means of this slide. 


Table IV— Bare and Insulated Dimensions of Asbestos-Covered, 
Square, Copper Magnet Wire 


Bare Wire 


Diameter, 
Inches 
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Rockbestos Covered Wire 


Approximate 
Diameter Over 
Insulation in 
Inches 
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Nors: Square mils=width in mils X thickness in mils; one square mil - I. 273 circular mils; 


one circular mil =. 7854 square mils. 


A PICTURE STUDY 


for those who work in 


CROW DED 
CONDITIONS 


N ALL of our anxiety to get things 

done and to avoid lost motions in the 
routine of operations, we sometimes 
overlook the fact that haste makes 
waste and that the appearance of con- 
fusion and a topsy-turvy atmosphere 
is a serious drawback. Whether it is 
in a shop or at an office desk, there is 
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refuse that ac- 
It accumulates so fast, in 


a certain amount of 
cumulates. 
fact, that unless someone takes the 
trouble to clear it away, it will be an 
actual hindrance to good work. 

In this connection I want to call your 


attention to two photographs—one 
taken before and one after it dawned 
on the foreman that there was more 
room in his department than he had 
thought. Workers had allowed things 
to pile up and get in the way until it 
was almost impossible to move the re- 
quired parts to and from the machines. 
The upper photo shows just how bad 
conditions had become and the real rea- 
son for the workmen complaining that 
more floor space was needed if their 
machine output was to be kept up to 
schedule. The lower photo shows what 
happened one Saturday afternoon, to 
prove to the machine operators that 
the basis of their demands for more 
room was largely imagination combined 
with carelessness, not to say sloppiness. 
The camera has done a good job in in- 
dicating just what was accomplished. 
Incidentally the output of this depart- 
ment since the cleanup has been in- 
creased, without a kick of any kind. 
Those of us who are responsible for 
production pay a lot of attention to 
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the speed of machines, to the handling 
and rehandling of materials in differ- 
ent operations, and to new machines 
that combine operations, but we pay 
altogether too little attention to the 
careless habits of those who work with 
us and for us. Perhaps this is because 
a manager or a superintendent or 
whatever his title may be, when he 
gets to a position of responsibility, be- 
lieves that he should move his desk or 
his office to some isolated spot. When 
this happens he directs things from 
afar and does not find wasteful con- 
ditions until they get far along. If 
he were in the midst of things and the 
guiding head that he should be, he 
would be in a far better position to 
correct carelessness and untidy habits 
by spotting the one or two guilty par- 
ties before their habits spread to others 
and become a serious matter for cor- 
rection. Untidy habits are catching, in 
a way, for it is human nature not to 
want to clean up after the other fel- 
low or make room for him to further 
strew his litter around. In most plants 
floor space is a considerable item of 
expense whether it is rented or pro- 
vided by the owner. The providing of 
additional floor space by new construc- 
tion is sometimes the difference be- 


tween a profit and no profit on a year 
or two of operation, and under such 
conditions there is little hope of the 
boss being liberal with the pay slip. 

I hope these two photos may set you 
to thinking about your own job and 


the conditions under which you are 
If you can use your head to 


working. 


set things straight about you and take 
off the brake that is holding back some 
operation, you have just as good an op- 
portunity for reward as the man who 
suggests or invents a new machine to 
accomplish the same end. Brains are 
at a premium these days and you do 
not have to look far around you to find 


those who make very little use of them. 
If you will put yours to work overtime 
as a regular thing on the problems that 
the other fellow passes by unnoticed 
you will be surprised sometime to find 
that you will swell your pay envelope 
and get where you want to go faster 
than you have been going. Every boss 
is looking for just such men and every 
owner of a business is making bosses 
of these kind of men. 


G CAT 
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Devoted to the Maintenance 
Electrical and Associated Mechanical Systems in Mills and Factories 


G. A. VAN BRUNT, Managing Editor 


Do Not Include the Coke-Fired Salamander 
in Your Plant Heating System 


OW is the time when most plant maintenance 

forces are looking around for some means of 
heating those hard-to-heat or remotely-located corners 
of the plant where heat is temporarily needed. 

It is common practice to use a salamander filled with 
coke for this purpose. This method is wasteful of fuel, 
very dirty, requires a great deal of attention, has a 
debilitating effect from fumes when used in close 
quarters, and presents a serious fire hazard. Although 
the practice is to be severely condemned it is com- 
monly used in many plants. 

With the many successful devices now on the market 
for furnishing heat, such as unit air heaters, space 
heaters, and other forms of electric heat and even 
economical small hct-water heating systems, the prac- 
tice of using coke-filled salamanders should not be 
tolerated. Of course, the first cost of these other 
devices is higher, but a little investigation will show 
that this increased cost of installation can easily be 
justified. 


Do Accident Prevention and Safety Work 
Pay Their Way?, 
HIS question is satisfactorily answered by a bulle- 
tin recently issued by the Bureau of Safety, 
Sanitation and Welfare of the U. S. Steel Corporation. 
This bulletin is a review of 25 years’ work in accident 
prevention in the plants, mines, and other operations 
of this, the largest of all American corporations. 

At the end of this period the number of serious 
accidents per 100 men employed was 60.22 per cent less 
than in 1906, when the safety activities were started. 
Also, the number of disabling accidents in 1925 were 
80.07 per cent less than in 1912. In round numbers 
this means 46,900 men have been saved from serious 
injury, and 322,400 men have been saved from any 
injury which resulted in loss of time. 

In a letter to Judge Gary, Chairman of the Board of 
Directors of the U. S. Steel Corp., James J. Davis, Secre- 
tary, Department of Labor, Washington, D. C., cays: 

You are reported as having stated that the United States 
Steel Corporation in ten years has spent $9,763,063 in acci- 
dent prevention work and that the money saving resulting 
therefrom has been $14,609,920, in addition to the fact that 
250,000 men have been saved from injury and probably 
more than 40,000 have been saved from fatal injury. As a 
self-insurer the United States Steel Corporation is in a 
position to know whether or not there is an actual money 
gain to be derived from intelligent accident prevention 


work, and this statement of the Corporation’s experience 
will be of inestimable value to me in reaching that per- 
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centage of employers with whom the humanity appeal does 
not go very far, and to whom you must show a chance to 
save money or they will not go along. 

Here, then, we have a new appeal for accident pre- 
vention. Safety work is a good business investment 
and will actually show a financial profit of about 15 
per cent on the money invested. Surely the last reason 
for not co-operating 100 per cent in safety work is gone. 

Yet from statistics gathered by the Department of 
Labor we find that the accident rate in the automobile 
tire industry is three times as high as the average rate 
for all industries, that the average rate for all indus- 
tries is about twice that of the electrical machinery 
manufacturers and that the accident rate of the elec- 
trical machinery manufacturer is about five times that 
of woolen manufacturers. Quite evidently we have by 
no means arrived at the ultimate goal. But we are off to 
a very good start and gaining speed all the time. What 
we now need is not a No Accident Week” but a “No 
Accident Year.” 


Clutches Should Not Always Be Blamed for 
the Trouble They May Give 


T IS not at all unusual when visiting industrial plants 

to hear operating men utter broad condemnations 
of classes or particular types of equipment. On the 
other hand, in perhaps the next plant visited the very 
same equipment will be praised. Probably no other 
piece of power transmission equipment receives such a 
wide variation of praise and condemnation as do 
clutches, clutch pulleys, and cutoff couplings. This dif- 
ference of opinion would indicate that perhaps the fault 
may be outside the equipment. 

Clutches receive, undoubtedly, the most severe 
operating service of any power transmission equipment. 
Any increase in the operating speed or the addition of 
a few more machines adds to the severity of this service. 
Neglect or improper adjustment also throws excessive 
strain upon a clutch. None of these difficulties can be 
considered as due to inherent faults of the equipment. 

One industrial engineer has had a group of clutches 
in service for about 15 yr. without any lost time due to 
clutch trouble. When he took charge of this plant, the 
management was considering removing all of these old 
clutches. He had them rebuilt and had them properly 
adjusted and the wearing surfaces renewed whenever 
necessary. Another plant a few miles away called upon 
the manufacturer of the same clutch for service in less 
than six weeks after its clutches were installed. 

Many other interesting installation experiences are 
just as contrasting. Much of the trouble encountered 
is due to overlooking the fact that clutches, like any 
other mechanism that wears or gets out of adjustment, 
must be serviced and kept in condition; also, where such 
equipment is designed for a definite speed, shock, or 
load, and any of these factors are increased, it is then 
subjected to an overload. 

These same conditions are found to a greater or less 
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degree in connection with any power transmission equip- 
ment. However, the results of neglect or overloading 
are exaggerated, where clutches are used, because they 
are more complicated than most other pieces of equip- 
ment, and in addition receiving very severe operating 
service. 

The remedy, it appears, must come from both the 
industrial user and the clutch manufacturer. INDUS- 
TRIAL ENGINEER, through its articles and editorial com- 
ments, has emphasized frequently the necessity of 
applying practical engineering thinking, with operating 
conditions as its basis, to the selection, installation, 
operation and maintenance of power transmission and 
all other equipment. Manufacturers of clutches can 
help (as some of them have or are doing) by redesigning 
their equipment so that it will not only meet the require- 
ments of higher speed and more severe service, but be 
easier to adjust and maintain. 


Find the Part You Can Play in Furthering 
Elimination of Waste in Industry 


ANY accusations have been made, doubtless with 

much justification, that we Americans are the 
most wasteful people on the face of the earth. Richly 
blessed with nearly every natural possession of value, 
we have for generations been wasteful of national 
resources, as well as time and effort. Part of this has 
no doubt been due to the lack of any urgent necessity 
to do otherwise, while part has been occasioned by a 
lack of co-ordination of effort, which has probably been 
natural in view of our extremely rapid growth along 
industrial lines. There are, however, hopeful signs that 
we are entering a new era in which preventable wastes 
will be greatly reduced. One of these signs is the wide 
and increasing interest in Management Week, which 
is being observed during the week of October 25-30, 
when more than 300 meetings will be held in 125 cities 
in this country. Regarding this, Secretary Hoover 
recently made the following statement: 


The general subject chosen for this year’s discussion 
is “Progress in Waste Elimination,” and it is planned to 
have a general audit of the accomplishments and results 
of the last five years’ work by various agencies engaged 
in waste elimination work. During that period a great 
deal has been done by organizations acting more or less 
independently of one another. It is important to discover 
where duplication of effort is taking place, and where closer 
co-ordination can be brought about. Programs have been 
put into practice in various fields that must more or less 
directly affect allied industries and these interrelations need 
to be considered. The five-year period is sufficient to allow 
some measure of the practical results and it is desirable 
to compare actual with expected accomplishment. That 
the repeated emphasis laid by industrial leaders, engineers 
and experts in management on the potential value of waste 
elimination has had a cumulative effect is shown by the 
remarkable spread of interest in the annual Management 
Week meetings. Beginning with 108 meetings in 80 indus- 
trial centers in 1924, with a total attendance of approxi- 
mately 15,000, the movement has grown to a point where 
this year these figures will have more than doubled. 

The subject to be considered is one making the widest 
appeal to the interest of everyone concerned in the health 
and stability of American business. 
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In this great movement some are enabled, by virtue 
of circumstances, to make more noteworthy contribu- 
tions than others. Nevertheless, every industrial 
executive can, and should, through his counsel and 
co-operation give his whole-hearted support to this 
effort to put our industrial and business structure on a 
sounder basis. 


Which Is the More Important, 
the Machine or Its Drive? 


HEN investigating the trends and practices in 

the modernization of power drives, one of the 
most noticeable features found is the increasing tend- 
ency to apply sound engineering thinking in the selec- 
tion and application of equipment. Industrial operat- 
ing men are better able to do this today than ever 
before, because the complicated and highly developed 
electrical and mechanical power drive equipment of the 
present day requires supervision by trained and think- 
ing men who are familiar not only with the technique 
of the construction, but also with the operating and the 
installation considerations. | 

Uninterrupted operation of production equipment is 
more important today than ever. Many machines are 
interdependent because they are links in a chain of 
continuous production and the stoppage of a single 
machine for any reason stops the whole group. Pro- 
duction men are putting in the best machines obtain- 
able, in an effort to forestall interruptions due to 
machine failure, and also to obtain the highest obtain- 
able output at the least cost. Altogether too often in 
the past, engineering attention was given to the ma- 
chine and any economies in first cost, if considered nec- 
essary, were made in the drive. 

Costly experience has demonstrated that a machine is 
no better than its drive. If the drive fails, even the 
best machine stops; if the drive does not transmit the 
power required, the production of any machine is far 
below its real capacity. To get the best drive requires 
engineering thinking and careful analysis of the con- 
ditions surrounding each installation. 

The cost of a suitable drive is in many cases insig- 
nificant in comparison to the cost of the machine. A 
saving of a few dollars on a bearing, belt, chain, pulley, 
lineshaft, speed reducer, motor, or its control, or any 
other element of a power drive may jeopardize the re- 
sults obtainable from the hundreds or thousands of 
dollars invested in the machine and its drive. 

The question, “Which is the more important, the 
machine or the drive?” is comparable to the old philo- 
sophical question, “Which is the more important, the 
hen or the egg?” Neither can exist by itself. Reliable 
and efficient operation of any machine requires the 
application of engineering thought to every detail in 
the selection of all mechanical or electrical elements 
involved, and also to their installation and care. Every 
operating man of today is, or should be, able to do this 
thinking. 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 

answer from your ex- 

perience. 


Who Can Answer 
These? 


Lubricating Ball and Roller Bearings.—I 
wish to know how thin an oil can be 
satisfactorily used to lubricate ball and 
roller bearings used in motors. Do 
readers „preter the use of grease for 
these applications and if so, why? What 
are the desirable characteristics of oils 
and greases that are intended for use on 
the roller gs and ball bearings 
used in motors? 
Youngstown, Ohio. B. L. 


Use of Time Switches, — Many times I have 
felt that clock- operated, time switches 
could be used to advantage in my plan 
for instance on baking ovens and yar 
lights. Before installing these devices, 
however, I should like to obtain the 
viewpoint and experience of readers as 
to where these switches can be used to 
advantage around the industrial plant. 
Where are readers now using these 
switches to advantage and, also, where 
do they think they could use them if 
they were to install them at every point 
at which they would be of value? 
Pittsburgh, Pa. K. E. 


+ 
Soldering Springs in Ammeters— Will some 
reader tell me the best method of pro- 
cedure in soldering the springs in elec- 
trical instruments of delicate construction, 
such as ammeters, voltmeters, watt- 
meters, and the like? These springs are 
usually made of phosphor bronze, al- 
though some other materials are some- 
times used. I should like to know what 
mixture of solder should be used and 
also what kind of flux is best adapted 
to the work. Any other hints that 
readers may give me in regard to the 
method of soldering will be very much 
appreciated. 
ew York, N, Y. L. A. 


Repairing Roof Tank — We have a yellow 
pine roof tank used for 1 warm 
water at our plant. This tank about 
15 ft. in diameter and 45 ft. high. It is 
made of vertical staves which are held 
in place by means of circular steel bands, 
much as is the case with railroad water 
tanks. Four of the staves were ap- 
parently not all hard wood and have 
rotted away so that they are half gone 
in places, the remainder of them ap- 
arently being hard wood, are sound. 
e tank cannot conveniently be spared 
long enough to dismantle and put in new 
staves; so we would like to know what 
is the best method of repairing it. The 
rotting of the wood is on the outside 
only. We have thought of scraping out 
all of the rotten wood carefully and then 
filling in the space with a thick cement 
grout such as is used in fixing up trees 
where branches have broken away or 
decay has taken place. I should like to 
obtain the advice of readers on the merits 
of this method and also their suggestion 
on other methods of making this repair. 
New Haven, Conn. H. W. F. 


Connection for Ammeter and Relays—I 
should like to know what connection to 
use on a circuit containing an ammeter, 
two current transformers, two trip coils 
for an oll circuit breaker, and some kind 
of switch that will permit switching the 
ammeter so as to read the current in 
each phase of a three-phase circult. Can 
I read the current flowing in the third 

hase when using only two current trans- 
ormers? 
Chicago, III. A. W. 


Changing Speed of Direct-Current Motor 
We have a General Electric, Type CO 15, 
form A, four-pole, compound-wound, 230- 
volt, Ib-hp. motor, serial No. 134306. 
This motor is rated at 65.5 amp. and a 
speed of 625 r.p.m. The actual no-load 
speed, however, is .very close to 800 
r.p.m., due possibly to some repairs that 
have been made to the armature winding. 
Will some reader kindly tell me how 
can decrease the speed of this motor to 
550 r.p.m.? We would like to make this 
change in speed by some manipulation of 


the flelds rather than rewinding the 
armature. 
Hannibal, Mo. R. E. G. 


Cost of Rewinding Stators—I should like to 
have the experience of readers on the cost 
of rewinding 60-cycle, polyphase motor 
stators. Costs that were estimated from 
105 Average of a large number of repair 
obs, as given on page 847 of Braymer’s 
“Armature Winding and Motor Repair,” 
are as follows: 


Horse- Synchronous Average 
power R. P. M. Cost 
5 900 378.75 
5 1,200 ‘63.60 
7.6 1,20 69.60 
7.5 1,800 58.50 
10 900 75.00 
10 1,200 70.75 
15 90 71.26 
15 1,200 76.00 
15 1,800 73.7 
25 600 15 6. 2 5 
25 720 166.25 
25 900 143.75 
25 1,200 93.75 


These costs are, of course, too low as they 
were taken in 1917 and I should like to 
obtain the average cost at the pregent 


time. 
Springfield, III. 
0 s 0 0 


Does Magnetised Armature Shaft Cause 
Overheating of Motor Bearings? — We 
have a 40-hp., compound-wound, d.c. 
motor driving a horizontal resaw in a 
lumber mill. The motor is on the lower 
floor and the resaw is directly above it 
on the second floor, with practically a 
vertical pull on the belt. Some time ago 
the commutator end bearing ran hot 
enough to melt the babbitt slightly. The 
end bell was taken off, and the bearing 
scraped and pronounced perfect, but it 
still continues to heat. The bearing on 
the pulley end of the motor remains cools 
and gives us no trouble. I notice that 
the armature shaft and frame of the 
motor become very strongly magnetized 
when the motor is running. Would this 


have any effect on the temperature of the 
bearings? I shall appreciate it if any 
of the readers will tell me what is caus- 
ing the overheating of the commutator 
end bearing, and should also like to know 
what causes the armature shaft to be- 
come so strongly magnetized. 
L’Anse, Mich. 


H. W. 8. 


Answers Received 
To Questions Asked 


Bearings in Wet Locations—It is neces- 
sary to operate one of the bearings of a 
washing device under water. e have 
not been able to lubricate this 
and have had considerable trouble due to 
extensive wear from lack of lubrication 
an in the water. Babbitted bear- 
ings have always been used but I should 
like to learn e experience of readers 
with other t s of bearings operating 
under conditions somewhat similar to 

this. Perhaps someone can suggest a 

lubricant or method of application which 

will work. I shall greatly appreciate any 
information that readers may give. 

Des Moines, Iowa. L. D. 


If L. D. will use lignum vitæ wood 
with the end grain to the shaft he will 
have an ideal bearing for operation 
under water. It will need no other 
lubricant than the water itself. If 
lignum vite cannot be obtained, hard 
maple bearings impregnated with hot 
paraffine at a temperature not over 212 
deg. F. will do. 

For convenience in adjustment and 
taking up wear, I would suggest that 
he arrange the bearings in four blocks 
on the quarters with brass adjustment 
screws and side clamps to hold adjust- 
ments. The blocks should have a metal 
backing to take the pressure of the 
adjusting screws, and to distribute it 
over the length of the bearing. 

Fort Dodge, Iowa. CLAUDE D. MARTIN. 
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Our experience may be of assistance 
to L. D. in his difficulty with bearings 
submerged in water. The company with 
which I am connected, and several other 
paper mills, have obtained good results 
by using oilless bushings, which con- 
sist of bronze sleeves in which open- 
ings in the sleeves are plugged with 
lubricant. These are used in wet loca- 
tions without any lubricant or liquid 
except the water. Most of these instal- 
lations, however, are not subjected to 
any considerable amount of dirt or grit, 
but I suppose if they did they would 
wear out the same as a bearing does 
with dirty oil. However, if L. D. has 
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not already done so, I would suggest 
that he try one or two such bearings. 
The cost would be low. 

H. D. FISHER. 


Plant Engineer, 
New Haven Pulp & Board Co., 
New Haven, Conn. 
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My suggestion to L. D. is that he 
use lignum vitæ bearings if they are 
to operate under water. Bearings of 
this material are used in hydro work and 
the wood is often referred to as “nigger 
heads.” 1 know of instances where this 
wood has been in service for nearly 
thirty years on hydro units and is 
still good. The wood is expensive and 
should be kept under water until used, 
or it will crack. Also, it is the heaviest 
of all woods and care must be used in 
installing it so that the water, which 
for it is a natural lubricant, will reach 
all surfaces of the bearing. 

Lignum vitæ is a hard wood but may 
be fitted to a bearing with a hack saw 
and bearing scraper. Also, a good 
machinist can mill it. I would recom- 
mend it as giving exceedingly good 
service under the conditions mentioned 
by L. D. E. J. MORRISSEY. 


Chief Electrician, 
Western United Gas & Electric Co., 
Aurora, III. 
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Water has no lubricating qualities 
and, therefore, bearings which are im- 
mersed in it for all or part of the time 
are likely to suffer. Bearings such as 
described by L. D. offer a problem that 
has not been solved satisfactorily for 
several reasons. 

No engineer will deny that it would 
be possible to keep water out of a 
bearing, any more so than it is pos- 
sible to keep oil in them and away from 
adjacent parts, such as the windings 
of the motor, but the cost of the elabo- 
rate construction required would sel- 
dom be justified. The second factor in 
importance is that of care: although 
satisfactory means of lubrication may 
be provided, neglect of this for a single 
period of operation may start cutting 
or wear which will continue to grow 
worse. 

When a shaft or shaft bearing be- 
comes scored, the oil passages invari- 
ably become clogged, which prevents 
the entrance of any more lubricant, 
that otherwise might keep the surfaces 
in shape. Often, a scored shaft or 
bearing provides an opening through 
which water can enter and dilute or 
displace the lubricant, which action will 
quickly result in excessive wear. 

The writer has had over 15 years’ 
experience with shafts that were run- 
ning in water and water solutions. 
The longest period of immersion noted 
was 11 years for a 8-in. shaft carrying 
heavy loads and running at 120 r.p.m. 
in babbitt bearings. We found that 
better operation was secured by using 
cast-iron journals in the babbitt, rather 
than steel shafting. To permit this, 
the fixtures were cast with extended 
hubs about 44 in. in diameter by 8 in. 
long which were turned to form a shaft 
and ran in the babbitt. This gave 
better and smoother running than on 
the shafts direct, because steel pitted 
badly in the liquid, which contained a 
good deal of vegetable matter. The 
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parts would run for years, but when 
the bearing wore the pitted journals 
scored more rapidly and the babbitt 
had to be renewed. This finally raised 
the maintenance cost to a point where 
the renewal of all of the worn parts 
was necessary. 

The question asked by L. D. does not 
state whether it is a plain or packed 
bearing which gives trouble. If it is 
a packed bearing, outside packing will 
be used, of course, and of a stuffing 
box construction best suited for the 
purpose. The simplest type of con- 
struction for the bearing section of a 
plain bearing (not a packed bearing) 
is the best. i 

Where it is improbable that gravity 
or pressure lubrication will receive 
much attention, it is better to make no 
provision for lubrication and to spend 
in many other ways the amount it 
would cost. 

Stainless steel shafting is now made 
by at least one mill and a number of 
concerns produce bearing bronzes that 
are impregnated with a lubricant or 
have a base composed of one of the 
white metals. 

The writer would use a combination of 
stainless steel and this bronze bearing, 
thus obtaining a longer shaft life be- 
fore corrosion begins, and a bearing 
material that would not need lubri- 
cation. i 

These bearings should be given a 
greater area than for similar bearings 
not operating under water, but they 
should be so installed that even an un- 
skilled mechanic could make any re- 
placements when necessary. Without 
knowing further details, I believe that 
this construction would be superior to 
one more complicated and, also, it 
would save money. 

Anti-friction bearings can be em- 
ployed satisfactorily if the machine will 
stand the expense of mounting and 
protecting. That it is possible to do 
this is proven by the widespread use 
of ball bearings in centrifugal pumps. 
A study of these might reveal a plan 
that could be simplified and used to 
advantage. 

A bearing that has stood the test of 
years in pump work is one in which 
the shaft is completely encased in a 
non-ferrous sleeve until it is entirely 
outside the water zone. That this is 
imperative for all ordinary steels is 
well illustrated on automobiles. No 
matter what price car, the water pump 
leaks after a time. Tightening up the 
gland will help for a short time only, 
because the bare steel shaft corrodes 
and, as this progresses, the water 
enters the stuffing box and the packing 
cannot be kept tight on the rough or 
eccentric shaft. 

The sloppiest job the writer ever 
worked on was in maintenance work 
in a paper mill, where practically all 
shafting and machine parts were in 
water or subject to drip. The Master 
Mechanic simplified the maintenance 
because he insisted that all work be 
put in so that it could be taken out 
easily after parts had rusted together 
or corroded loose. The results showed 
this to be a good plan. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Why Do These Motors Stall? — The motors 
on two Yale and Towne electric hoists 
are giving us trouble and I wish someone 
would tell me how to remedy it. One 
hoist is of 1-ton capacity and is driven by 
a 220-volt, three-phase, 60-cycle, six-pole 
motor. The other hoist is of z-ton ca- 
pacity and is also driven by a three- 

hase, 220-volt, 60-cycle motor, If a 
oad of 200 lb. or more is placed on the 
hooks the motors will stall, although they 
seem to run at full speed at no load. This 
trouble started suddenly. The mechani- 
cal part of the hoists has been inspected 
and appears to be in good condition. Your 
suggestions will be very welcome. 
Iola, Kan. T. R. P. 


In reply to T. R. P.'s question, my 
advice would be first to measure the 
line voltage, as there is undoubtedly 
something wrong with the voltage at 
these motors. I once experienced prac- 
tically the same trouble, due to the 
fact that someone had reconnected the 
motors for a different voltage without 
changing the nameplate data. 

If the line voltage is found to be 
normal, the best thing to do would be 
to get an experienced winder to locate 
the trouble. 


Chief Electrician, 
Premier Coal Co., 
Middlesboro, Ky. 
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C. L. UMBERGER. 


It would appear that the trouble 
which T. R. P. is having with the two 
Yale & Towne electric hoist motors is 
due to poor contact between the rotor 
bars and rotor end rings. It is quite 
possible that this trouble may be 
remedied by welding the bars to the 
end rings. If this cannot be done, it 
will undoubtedly be necessary to obtain 
new rotors. 

M. E. HALL. 


Sales Engineer, 
Electro Dynamic Co. 
Bayonne, N. J. 
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In answer to T. R. P.'s question I 
would suggest that if he will look 
elosely at the rotors of these motors, he 
may find small cracks opened up in the 
laminations; by clamping or pressing 
these together, and tightening up the 
rotor rivets, his trouble will disappear. 

We have had several of these motors 
behave this way, and cured the trouble 
as stated above. Yale & Towne now 
make a cast rotor for their hoist motors, 
and I would advise T. R. P. to secure 
these new rotors, if his hoists are re- 
ceiving very hard usage. 

N. Tonawanda, N. X. S. P. Cary. 


s % * * 


T. R. P.'s question indicates trouble 
at the current source; more than likely 
there is a bad contact on a switch, fuse 
or the connection to the trolley wire. 
It does not stand to reason that both 
motors would develop the same identical 
trouble at the same time. An open- 
circuited rotor, or badly worn bearings 
could cause this trouble, but T. R. P. 
stated that the mechanical parts of the 
hoists are in good condition. Another 
possible cause of trouble is that the 
motors may not be receiving full 
voltage. 

I remember a very puzzling trouble 
that developed in a pump motor instal- 
lation. The motor ran normally when 
unloaded, but as soon as the load was 
applied the motor would come to a 
standstill. The voltage was supposed 
to be 220, but we found that it really 
was only 160. 
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The voltage should be measured while 
both motors are running with loads. 

As another possibility the trans- 
former that furnishes current may be 
defective. 


Birmingham, Ala. G. H. EMERSON. 


* * . * 


Cause of Heating of Fuse Studs What 
causes heating of fuses and studs on our 
switchboard el, which is built for 
three-phase, four-wire distribution? The 
studs and fuses, which are standard 
make and rated at 600 amp., heat to the 
danger point and three fuses have been 
blown at a load of only 400 amp. The 

nel on which the studs are mounted 
s of slate and the spacing and carrying 
capacity of studs and busbars is more 
than the Code requires. We have aligned 
the studs and fuses so closely that a piece 
of flat steel .001 in. in thickness cannot 
be pushed in at any point between the 
clips and fuses. Suspecting loose con- 
tacts to be causing e heat, we have 
used wood clamps on the fuses and clips 
with no result. Reducing the load from 
400 amp. to 200 amp. does not lower the 
temperature to a int rmitting the 
hand to be placed on e fuse clips. 
There are no fron washers on the studs 
and renewable fuses of standard and 
reliable manufacture are in use. The 
neutral fuse, however, does not heat. 
Our voltage is 220 volts across the phases 
and 127 volts from neutral to any phase. 
Can this heating be caused by mineral 
veins in the slate panel? It is mporsibls 
to feel any current in the slate by 
wetting the hands and placing them on 
the slate. The heated area does not 
extend back more than 10 in. from the 
fuse studs and does not reach the main 
bus which is composed of two 3-in. x 3-in. 


busbars. I shall appreciate your help on 
the problem. 
Elgin, III A. B. A. 


Replying to A. B. A., it is possible 
that mineral veins in the slate panels 
will affect the heating of fuse studs, 
but I am of the opinion that the contact 


surface is the real cause of the trouble, 


either in or without the fuse. A cur- 
rent of 600 amp. requires a good-sized 
contact surface on the studs. Why not 
try parallel operation of the fuses? 

A mistake is often made in fuse rat- 
ing when doubling or tripling of links: 
six 100-amp. links will not properly 
take care of 600 amp.; so due allow- 
ance should be made when parallel 
operation of fuses is used. A larger 
allowable carrying capacity of fuse 
contacts should lessen fuse troubles. 


Chief Electrician, E. J. MORRISSEY. 
Western United Gas & Electric Co. 
Aurora, III. 
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Referring to A. B. A.’s trouble with 
fuse clips, we have had somewhat the 
same trouble except that we did not 
have renewable fuses. Our circuits are 
straight three-phase, with no neutral. 
The circuits were fused for 400 and 600 
amp. The studs and clips would get so 
hot that they would set fire to the fuse 
casings before the fuse would blow. 

We traced our trouble to poor con- 
tact between the fuse and the clip; so 
now, by frequent inspections we find 
the fuses that are heating before any 
damage is done. Immediately upon the 
first sign of heating, the fuse is taken 
out and both clip and fuse block are 
polished with very fine sandpaper. If 
this is done before the clip gets so hot 
that the temper is taken from the cop- 
per, no further trouble will result. 

But, if you don’t get them in time, 
and the copper gets so hot that it 
colors up and starts to scale, it is al- 
most impossible to get the clips back 
to normal. 

We had so much trouble with our 
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heavily-loaded circuits, before we found 
the remedy, and had so many fuse re- 
newals that we have replaced all of our 
fuse panels with oil circuit breakers, 
but even these cause some trouble. 
Marblehead, Mass. HAROLD H. STEELE. 


* * * * 


With reference to A. B. A.’s question, 
there is a possibility that a current of 
400 amp. is too heavy for the capacity 
of the studs, that is, that the current 
density is high compared to the area 


of the stud. This density should not . 


be over 1,000 amp. per sq. in., prefer- 
ably 800 amp. Also, if the studs are 
solid, that is, not laminated, with 60- 
cycle alternating current the eddy cur- 
rent losses in the copper may be rather 
high and indicated by heating. It is 
not likely that current leakage is caus- 
ing this heating. 

Another possibility is that the cables 
connecting to these studs are smaller 
than should be used. If these are less 
than 500,000 circ.mil the cables may be 
heating and this heat, being carried to 
the studs, heats up the fuse terminals 
so that they blow, not from over- 
current, but from conduction of heat 
to the fuse links. 

I have in mind one case where 525- 
amp. links in 400-amp. fuse cases blow 
frequently with only 800 amp. in the 
circuit. A 250,000-circ.mil cable is used 
in this installation. 

East Cleveland, Ohio. L. T. JOHNSON. 


zs es es & 


Changing Single-Phase Motor for Three- 
hase Operation—I have a General Elec- 
tric, form C. 60-cycle, 220-volt, 1-hp., 
single-phase, 1,800-r.p.m., motor con- 
nected as shown in the accompanying 
diagram. The armature has 36 slots, an 
36 colls, having 20 turns of No. 19 wire 
wound two in parallel. The coils are 
arranged in groups of 4 and 6 coils per 


1-8 Coil pitch | 
20 Turns 
No.19, 2 par. 


No.2 


as shown. 
ng be connected for use on a 
single-phase supply? (2) It is desired to 
connect the motor and operate it from 


grou (1) How should this 


win 


a three-phase supply. Is it possible to 
change or reconnect the winding to 
secure this result? I shall greatly ap- 
preciate any information or help that 
readers can give me about this motor. 
Brooklyn, N. Y. W. M. 
Answering W. M.’s second question, 
he can change his two-phase motor for 
three-phase operation by the dead-coil 
method. The ‘horsepower will then be 
about 85 per cent of its present rating. 
When running as a three-phase motor, 
its running temperature will be slightly 
greater because the motor will be op- 
erating at 96 per cent of its normal 
voltage. 
In the dead-coil method of changing 
from two to three phase, 80 per cent of 
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the coils should be used, or 28.8 coils, 
according to the formula. Since this 
number is not divisible by 12, I would 
recommend using 30 coils. By so doing 
a satisfactory arrangement of these 30 
coils may be obtained by grouping them, 
2, 3, 2, 3, 2, 3, 2, 3, 2, 3, 2, 3. This 
grouping allows ten coils per phase. 
According to the figures which were 


Method of grouping coils of a 
single-phase motor that has been 
reconnected for three-phase oper- 
ation. 


derived from a formula we should have 
9.6 coils per phase; so by operating with 
ten coils per phase the result obtained 
is practically the same as though the 
motor operated at a lower voltage with 
9.6 coils per phase. 

Two No. 19 d.c.c. wires may be 
wound at the same time, using 16 turns 
to a coil. An even grouping is obtained 
by allowing three coils per group. 

As shown in the accompanying illus- 
tration, the single delta connection 
should be tried first, and if this ar- 
rangement does not work properly, use 
the single star connection. 
Birmingham, Ala. G. H. EMERSON. 
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W. M.’s inquiry indicates that the 
motor is a two-phase machine with an 
ordinary squirrel-cage rotor. This is 
an old type motor wherein the neces- 
sary revolving field for starting on 
single phase is obtained by means of 
phase displacement in the two stator 
windings. The starting connections are 
shown at A in the accompanying dia- 
gram, and at B are shown the running 
connections. 

The connections shown in B are 
brought about by opening switch d 
which cuts the reactance X out of the 
circuit, and closing switch e shunts the 
resistance R out of the circuit. 

Two single-pole knife switches may 
be used to open and close the above cir- 
cuits, but a double-pole, double-throw 
switch is preferable for then only one 
handle needs to be manipulated. 

In view of the fact that the coil X 
and resistance R will be used to carry 
15 or 20 amp. for only a few seconds 
during starting, the size of the wire 
used in these two coils can be smaller 
than would ordinarily be used for con- 
tinuous duty. = 

If it is desired to use this motor on a 
three-phase circuit, it will be necessary 
to use a “T” connection as shown at C. 
You will notice from the diagram that 
the reactance and the resistance are 
not required when the motor is oper- 
ated on a three-phase circuit. 

In diagram C of the accompanying 
illustration the midpoint of phase wind- 
ing 1 is connected to one end of phase 
winding 2, and 18.4 per cent of phase- 
winding 2 is cut out. Since 18.4 per 
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cent of 36 coils is nearly five, the closest 
approximation to the exact reduction 
required will be obtained by cutting out 
six coils. The best way to reduce the 
phase 2 windings is to cut out coils 


Method of operating a two-phase 
motor from a single-phase or three- 
phase power supply. 

The single-phase starting connections 


are shown at A, and at B are shown 
the single-phase running connections. 
The connections after à single-phase 
motor has been reconnected for oper- 
ation on a three-phase circuit are 
shown at C. 


from the four groups, say two coils 
from each group of five coils, and one 
coil from each group of four coils. 


Commercial Engineer, J. B. HOLSTON. 
Wagner Electric Corp., 
Chicago, III. 
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In reply to W. M.’s second question 
it seems to me that the motor is of 
the two-phase type. If so, it is pos- 
sible to convert it from two phase to 
three phase, although it would be better 
to design the winding for a three- 
phase supply circuit. 

In this case certain dimensions should 
be ascertained before rewinding, such 
as the axial length of the laminations 
in inches, the diameter of the bore in 
inches, width and depth of slot, and 
so on. 

In changing the windings over to 
three phase, eliminate or cut out one- 
fifth of the coils in one phase and then 
connect one tap of the remaining part 
of this phase to the center of the other 
phase. 

This will give us two ends from 
one coil group and one end from the 
other coil group, providing three ends 
which are available for the three-phase 
service supply. 


Chief Electrician, 
Premier Coal Co., 
Middlesboro, Ky. 


C. L. UMBERGER. 
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Burned Spots on Collector Rings—wWe are 
having considerable trouble from burned 
spots on the collector rings of the field 
of a 300-kva., three-phase, 240-volt, 25- 
cycle alternator. These spots are about 
the size of the brush faces and I am ata 
loss as to what may cause them. Can 
any readers tell me causes for this 
trouble and also suggest remedies for it? 
I shall be grateful for any information 
that readers can give me. 

J. W. 


Petersburg. Va. 

Replying to J. W., the condition 
described is usually caused by faulty 
field discharge equipment, or by im- 
proper manipulation on the part of the 
operator. 

Sometimes this condition is brought 
about by a field discharge resistor of too 
high resistance, or again the resistor 
may be burned out or damaged. 


Electrical Engineer, R. P. DIEHL. 
Park City Mining & Smelting Co., 
Park City, Utah. 
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Answering J. W., burned spots on 
collector rings may be caused by light- 
ning coming in on the machine, or by 
the application of other high potentials 
when the machine is running. Burned 
spots may also be caused by leaving 
the alternator shut down with the field 
current on. Chattering brushes have a 
tendency to burn the rings, but the 
burning is distributed about the ring. 
Loose brushes cause this chattering. 
The only remedy to be recommended is 
to true up and polish the collector 
rings, being particularly careful when 
working on a steel ring. 


Chief Electrician, E. J. MORRISSEY. 
Western United Gas & Electric Co. 
Aurora, III. 
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In answer to J. W.’s question, I have 
experienced similar trouble which in 
one case was caused by the exciter cur- 
rent being turned on the collector rings 
of the fields before the field was rotating, 
and at another time the burned spots 
on the collector rings were caused by 
the exciter current being left on after 
the a.c. generator was shut down. 

I would suggest that J. W. test his 
field winding and his collector rings for 
grounds. H. J. ACHEE. 


Chief City Electrician, 
Woodward, Okla. 
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In reply to J. W., we have had the 
same kind of trouble on a 250-hp., 
220-volt synchronous motor. 

The trouble appeared on one ring 
only, in the form of flat or low spots, 
about the size of the brushes, and 
spaced about the same distance apart 
as the brushes. We first tried to elimi- 
nate the spots by sandpapering the 
ring with a block. This helped a little, 
but the sparking would stop only for a 
day or so. 

Next we tried putting on new 
brushes and sanding them in very care- 
fully, but this did no good. We also 
tried more tension and then less ten- 
sion on the brushes, but this did not 
help. 

The motor manufacturer’s represen- 
tative said this trouble did not happen 
often, but when it did it was very hard 
to correct, and that sometimes the only 
way to overcome the trouble was to 
change the polarity of the brushes. 

Finally, as a last resort, before 
changing the polarity of the brushes, 
I experimented with the angle of the 
brush-holder: that is, by tipping or 
swinging the brush-holders so that one 
brush-holder was nearer the ring than 
the other holder. 

After several trials, I found a posi- 
tion where the sparking stopped en- 
tirely and since then, for a period of 
several months, there has been no more 
brush trouble. One brush-holder is now 
about ys in. nearer the ring than the 
other holder. 

Before finding a remedy to prevent 
burned spots on the slip rings, a set of 
brushes would last only a month, while 
the set of brushes put in soon after the 
sparking was stopped as yet shows no 
signs of wear after 6 mo. of service. 

I do not know what caused the spots, 
although there seemed to be low spots 
on the ring. This ring is now taking a 
fine polish, all the sparking has stopped, 
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and the trouble appears to be cured. 
The trouble did not show up at first, 
but appeared about 3 mos. after the 
machine was put in service. The 
trouble was confined to one ring only. 
The other ring has given no trouble, 
and the original brushes on this ring 
are still in use. 
Marblehead, Mass. 
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HAROLD H. STEELE. 


Lightning Protection for Short Overhead 
Power Line.—We have a 3,300-volt two- 
phase, 25-cycle, 80-amp. transmission line 
running a distance of 1,080 meters from 
our substation to the mouth of our FOP: 
per mine. At the shaft, this line is 
spliced to a lead-sheath cable which goes 
down the shaft a distance of 200 meters 
where it is connected to a switchboard 
that supplies other feeders radiating 
through the mine. The wire and cable 
used for this transmission line are No. 
00 B. & S. gage. The elevation of the 
country through which the line runs is 
approximately 4,100 meters above sea 
level. As the overhead line must have 
good lightning protection, I wish to in- 
stall choke coils and Hehtning arresters 
at both ends of the line, but I have heard 
that choke coils should not be installed in 
connection with lead-sheath cables. Why 
is this? Won't some reader tell me how 
to protect this overhead line against 
lightning? We now have an oxide film 
arrester at the substation and a com- 
pression chamber multi-gap arrester at 
the shaft mouth, where the overhead line 
is connected to the lead-sheath cable. Is 
this sufficient protection? Should I not 
use choke coils both at the mine mouth 
and at the substation? What lightning 
protection would readers recommend for 
this transmission line? 

Pulacayo, Bolivia. C. L. C. 


In answer to C. L. C., it would seem 
that the best protection could be ob- 
tained by running a ł-in. stranded guy 
wire over the phase wires on the trans- 
mission line poles, grounding this static 
wire at both ends and at its center. 
This static wire should take care of 
most of the lightning. 

Very strong choke coils should be 
used at each end of the transmission 
line, and C. L. C. should be sure to con- 
nect the lightning arresters ahead of 
the choke coils, but no coils should be 
connected to the static wire. 

I would recommend the types of ar- 
resters mentioned by C. L. C. always 
using a choke coil where an arrester is 
used. Arresters might be also installed 
on both primary and secondary sides of 
the substation, care being taken to see 
that the ground wire is not smaller 
than No. 4 B. & S. gage copper wire, is 
well grounded and that all joints are 
soldered. 

If C. L. C. does not care to go to the 
expense of installing the static wire he 
will increase the protection of his trans- 
mission line by installing choke coils 
as previously explained. ; 
Chief City Electrician, H. J. ACHEE. 
Woodward, Okla. 
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Replying to C. L. C., it is in general 
not considered good policy to install 
choke coils in connection with lead- 
covered cables which are more than 
half a mile long. 

The inductance of a choke coil has a 
tendency to introduce a resonant volt- 
age, due to the capacity of such a 
cable, which would be very undesirable. 

From the description of the installa- 
tion, it would seem, under the condi- 
tions existing, that the installation is 
fairly well protected. R. P. DIEHL. 


Electrical Engineer, 
Park City Mining & Smelting Co., 
Park City, Utah. 
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I would install a static wire ground- 
ing it at every post, and also connect a 
choke coil at each end of the power 
line together with oxide film lightning 
arresters in addition to the static wire. 
This arrangement should provide 
enough protection. 

The static wire that I referred to is a 
copper wire supported about 3 ft. above 
the power line for the purpose of pick- 
ing up lightning; while it is not the 
usual practice to ground this wire at 
every post, it would be advisable in 
C. L. C.’s case. 

I can see no ill effect that would 
result from using choke coils with lead 
cables, as the lead sheath is itself a 
very good choke coil, as many have 
unfortunately discovered in enclosing 
ground wires in conduit. 


Chief Electrician, E. J. MORISSEY. 
Western United Gas & Electric Co., 
Aurora, Illinois. 


In reply to C. L. C., choke coils on 
the substation end of the transmission 
line, between the arresters and the 
apparatus, will furnish greater pro- 
tection. 

Choke coils should not be installed in 
connection with long, lead-covered 
cables because the combination of the 
reactance of the coil with the capacity 
or condenser effect of the lead-covered 
cable may be such as to produce a con- 
dition of resonance, with destructive 
effect in case of line disturbances. 
Also, if C. L. C.’s cable is wire armored 
in addition to being lead covered, or is 
installed in iron conduit, the cable will 
produce a sufficient choking effect to 
force the discharge through the ar- 
resters to ground. 

I believe that the pellet-type oxide 
film or auto-valve arrester is prefer- 
able to the compression type for posi- 
tive protection, and at an altitude of 
4,100 meters it might also be well to 
install a set of arresters near the mid- 
dle point of the transmission line. 

East Cleveland, Ohio. L. T. JOHNSON. 
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Grouping of Wires in Conduit for Two- 
Phase System—I have installed some 
8-in. conduit runs, to be used for two- 
phase power supply circuits. These con- 
duit runs are about 25 ft. long. In them 
I wish to place 500,000-circ. mil cables 
and since it is possible to get only three 
cables of such size in a 3-in. conduit, it 
will be necessary to group the cables in 
two conduits. Will it be satisfactory to 
place the two A-phase cables in one 
conduit and the two B-phase cables in 
the other? In a three-phase system, this 
should not be done; hence, I am doubtful 
about doing it with two-phase cables. 
Would it be preferable to place one 
A-phase cable and one B-phase cable in 
each conduit? If so, which of the two 
B-phase cables should be placed in one 
conduit with the first A-phase cable? 
Baines give me some information on these 

t. Lambert, Quebec, Can. J. M. 


Referring to the question asked by 
J. M., if he puts one wire of the A phase 
and one wire of the B phase in separ- 
ate conduits, he will have trouble. In 
addition, the National Electric Code 
will not permit doing this. 

To avoid trouble, place the wires of 
A and B phases in the same conduit; 
otherwise there will probably be heat- 
ing caused by induced currents in the 


conduits. H. J. ACHEE. 
Chief City Electrician, 
Woodward, Okla. 
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Size of Motor Required to Operate Draw- 
_bridge—I wish to know how to deter- 
mine the size and speed of motor re- 
quired to operate a drawbridge that 
is now operated by a steam engine. 
The diagram shows the general layout 
of the bridge. It weighs about 140,000 
lb. and travels 70 ft. in 45 seconds. 
It is supported on four steel wheels 
30 in. in diameter with a 12-Iin. face, 
running on steel rails. The bridge is 
pulled back and forth by a steel cable 
running on a drum which is driven by 
the engine through a gear reduction; 
this could be changed to a worm gear 


The speed of the engine 


if necessary. 
is 420 r.p.m. while the drum turns at 


10 r.p.m. I do not know the horse- 
power of the engine, nor is it equipped 
to take an indicator card, but the fol- 
lowing data may help: uplex engine 
(both cylinders receive pres- 
sure); steam pressure, . per sq. 
in.; cylinders in. diameter by 10-in. 
stroke; speed 420 r.p.m.; non-condens- 


ea will be necessary to use a two- 

phar 60-cycle, 550- or 2,200-volt motor. 

shall be very grateful for any help 
readers can give me. 

Quebec, Que., Can. W. S. B. 

Referring to W. S. B.'s inquiry, there 
is certain information lacking, which 
must be assumed, and other informa- 
tion given that does not check. 

The speed of the cable drum is given 
as 10 r.p.m., but with an engine speed 
of 420 r.p.m. the speed of the druin 
should be: 420 r.p.m. x (42 + 126) 
x (15 + 46) X (18 + 50) = 11.87 
r. p. m. 

The bridge travels 70 ft. in 45 sec. 


- which is on the basis of 93.3 ft. per 


min. In this case the cable drum would 
have a circumference speed of 9.5 xX 
11.87 = 112.7 ft. per min. This speed 
does not check with the bridge travel 
of 70 ft. in 45 sec. The given circum- 
ference of 9 ft. 6 in. is probably the 
extreme outside measurement and not 
the pitch circumference of the cable. 
Assuming 70 ft. in 45 sec. to be correct, 
the pitch circumference should be: 
93.3 + 11.87 = 7.86 ft. 

The problem can be attacked from 
two angles: First, by determining the 
horsepower of the steam engine; and, 
second, by calculating the horsepower 
required, basing these calculations on 
the load, friction, and speed of the 
bridge. The two answers thus obtained 
will serve as a general check, one 
against the other. 

The horsepower of the steam engine 
may be determined by the use of well- 
known formulas which need not be 
worked out here, but which indicate 
that the engine is developing about 
81 hp. 

Now, to determine the horsepower 
required, based on the load, friction and 
speed, assume the weight of the bridge 
proper as 140,000 lb., and that this load 
is carried by the two centrally-located 
wheels. Then each wheel supports 70,- 
000 lb. on its bearings. Taking the 
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weight of each wheel as 1,000 lb., the 
pressure at the rail is then 70,000 -+ 
1,000 = 71,000 Ib. 

The coefficient of rolling friction for 
ordinary tracks varies from 0.003 to 
0.005. Let us use the value 0.005. 
Then, P = Wf — R, where P = pull 
in Ib., W = weight or load in Ib., f = 
0.005, R = radius of wheel in ft. Solv- 
ing, P = (71,000 x 0.005) + 1.25 = 
285 Ib., approximately. For both cen- 
ter wheels the pull would be 2 X 285 
= 570 lb. 

Next, consider the load on the rear 
wheels. The counterweight is 61,000 
lb., and since we assumed that the 
weight of the bridge proper was car- 
ried on the two centrally-located 
wheels, the two rear or end wheels 
would carry only the 61,000 lb. Of 


course, as an actual fact, we know that 


the end wheels also carry part of the 
bridge weight, but what is added to 
one set of wheels is subtracted from 
the other set; therefore, to simplify 
matters we can follow the above as- 
sumption. 

Assuming that each wheel weighs 
1,000 lb., the load carried by each rear 
wheel is (61,000 ~ 2) + 1,000 = 31,- 
500 Ib. on the rail. P = (31,500 x 
0.005) -- 1.25 = 126 lb. pull. For both 
rear wheels, the pull would be 2 x 126 
= 252 lb. 

The total pull, required to overcome 
the wheel-to-rail friction, at the cen- 
ter of the wheels or cable is 570 + 252 
= 822 lb. 

The friction of the journals will be 
considered next. The center wheeis 
carry 70,000 Ib. each, and assuming a 
coefficient of friction of 0.2, the fric- 
tion is, 70,000 x 0.2 = 14,000 lb. For 
both wheels, the friction load is 2 x 
14,000 = 28,000 lb. 

The end wheels carry 61,000 Ib. or 
30,500 lb. each. The journal friction 
on one of these wheels is 30,500 x 9.2 
= 6,100 lb. For the two wheels, 
6,100 x 2 = 12,200 lb. The total re- 
sisting force of the bridge equals the 
sum of the following: 

570 lb., rolling friction center wheels 
282 lb., rolling friction end wheels 
28,000 lb., journal friction center wheels 
12,200 lb., journal friction end wheels 


41,022 lb. = total resisting force. 

Now let us consider the force P re- 
quired to accelerate the bridge to the 
speed of 93.3 ft. per min., which is 1.555 
ft. per sec. Assume that the bridge 
starting from rest requires 1 sec. to 
attain the speed of 1.555 ft. per sec. 
Then the acceleration is 1.555 — 1 = 
1.555 ft. per sec. per sec. The distance S 
traveled by the bridge during accelera- 
tion is, (1.55 K 1°) — 2 = 0.775 ft. 

Then, FS = (FV) + 2g; where W 
= weight of bridge plus three-quarters 
of the weight of the wheels, or a total 
of 204,000 lb. V = velocity in ft. per 
sec., g = 32.16, S = ft.; solving, FS = 
(204,000 x 1.5557) — (2 x 82.16) = 
7,676. S = 0.775. Then F = 7,676 ~ 
0.775 = 9,905 Ib. 

The total pull on the cable equals 
the force required to accelerate the 
load plus the retarding forces of fric- 
tion, or, P = 9,905 + 41,022 = 60,927. 
Hp. = (P X S) ~ 550 = (50,927 x 
0.775) ＋ 550 = 72 hp., nearly. 

The next unit to consider is the 
cable drum, which I assume to be 7.86 
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ft. pitch circumference so as to agree 
with the other data given in the prob- 
lem. Assume the weight of the drum 
with a 4-in. diameter shaft to be 1,000 
lb. Since the bevel gear, which drives 
the drum shaft, exerts a torque at 
right angles to the pull of the cable on 
the drum, the pressure or load on the 
bearings of the drum equals: 

W = V50,927? + (50,927 + 1,000)’ 
= 78,000 lb. nearly. 

Hp. = (3.14 x 0.2 x 73,000 x 4 x 
12) + 396,000 = 5.5 hp. Then the 
total horsepower at the drum drive 
shaft is 72 + 5.5 = 77.5 hp. 

There are three sets of gears, and 
assuming that each set, including 
bearings, operates at an efficiency of 
95 per cent, the total efficiency of the 


three sets would then be 0.95 x 0.95 < 


0.95 = 0.86 per cent. Then 77.5 — 0.86 
= 90 hp. required at the steam engine. 

This result checks within 10 per cent 
of the calculated horsepower of the 
steam engine, and I believe this result 
is a comparatively close check. 

The three sets of gears and shaft 
could be eliminated and a planetary 
spur gear speed transformer connected 
directly to the drum shaft on one side, 
with a 1,200-r.p.m. motor on its other 
side. Considering the service of the 
bridge to be intermittent, a 75-hp., 
1,200-r.p.m., 550-volt, two-phase, 60- 
cycle, slip-ring motor could be used. 

For the electric control, a drum- 
type controller could be used in con- 
nection with a panel containing a main 
switch, two overload switches and a re- 
lay for operating in conjunction with a 
limit-switch placed at each end of the 
bridge. When the bridge is near 
either limit, the motor can be reversed 
or the bridge may be slowed down by 
operating the drum handle. If the 
bridge is operated frequently, and the 
operating time is an important con- 
sideration, then a brake can be used at 
the motor for stopping. 


Engineer, E. H. LAABS. 
The Cutler- Hammer Mfg. Co., 
Milwaukee, Wis. 
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Wiping Lead Joints in Lead-Sheath Cable. 
should like to have readers give me 
some information on how to go about 
wiping joints in lead-covered, three-con- 
ductor, 2,300-volt cable. I should like 
to know how to prepare the joint for 
wipine what materials should be used, 
how to wipe the joint, and any precau- 
tions that should be observed in wiping 


the joint. 
Benoit, Ala. G. E. W. 


In reply to G.E.W.’S question it can 
be said that wiping joints is an art. 
It requires months of practice, and 
results in many burnt fingers and 
spoiled sections of cable. It is not 
readily taught by books, but rather by 
apprenticeship to a skilled worker. 
After paying close attention to his 
methods, much patient practice is re- 
quired on the part of the apprentice 
before he can successfully wipe joints. 

If it is possible for you to secure a 
lead worker, a good plumber or a tele- 
phone cable splicer, I would recommend 
such procedure as most advisable. 

A plumber, if a good lead worker, 
will be able to wipe the joints that need 
attention and at the same time can give 
much valuable instruction. He may, 
however, spoil the insulation by apply- 
ing too much heat for he is accustomed 
to using half-and-half solder, a mixture 
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of half lead and half tin. Wiping solder 
for cable splicing should be done at a 
temperature which is lower than is cus- 
tomary with regulation plumbers’ 
solder. A solder composed of one part 
tin and two parts lead, that fuses at 440 
deg. F., can be used for cable work, 
although some workers prefer a still 
lower working temperature. In order 
to lower the working temperature under 
440 deg. F. a quantity of bismuth may 
be added. Equal parts of tin (pure), 
lead, and bismuth will lower the work- 
ing temperature to 250 deg. F. An ex- 


perienced man, working in a shielded 


place which is free from drafts, can pro- 
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Method of preparing a cable joint 
for wiping. 

At the left the cable and sleeve have 
been shaved with shave hook and the 
bright surface covered with tallow to 
prevent oxidation, The right-hand 
illustration shows the completed joint. 


duce satisfactory results with a great 
deal less bismuth than a less skilled 
workman. With the proportions of the 
so.der in the vicinity of three parts tin, 
three parts lead, and one part bismuth, 
the melting point will be 310 deg. F. 

It is desirable to keep the melting point 
low so that the joint may be wiped 
quickly without danger of too much 
heat running into the cable and weaken- 
ing the insulation. 

The wiping is done with wiping 
cloths. These can be purchased in va- 
rious sizes and several will be needed. 
R. M. Starbuck & Sons, Hartford, Conn. 
and J. W. Johnson, Wheaton, III. sell 
wiping cloths. Also both firms handle 
publications on wiping joints and 
plumbing work. 

For each joint, the quantity of solder 
varies according to the size of cable and 
the skill of the worker. This quantity 
generally varies from 1 to 2 lb. of 
solder per joint. Mutton tallow or tal- 
low candles may be used to prevent 
the bright lead, that has just been 
cleaned, from oxidizing. Other mate- 
rials needed in this work are a good 
firepot or plumber’s furnace, a good- 
sized cast-iron pot, a double-tipped 
ladle which is not too large, a blow 
torch, a soldering iron, a shave hook or 
lead scraper, a compass, a scratch cloth 
or steel brush, soil which may be pur- 
chased in any plumbers’ supply house 
or may be made from lampblack, glue 
and water which should be stirred up to 
a stiff paste, a lead dresser for smooth- 
ing and working lead sleeve, a turn pin 
that is large enough for a sleeve, and 
a drift plug for swaging through the 
sleeve to make it smooth inside, when 
a solid sleeve is used. 

Nov make up an experimental splice 
of two cables, insulating the splice well 
with black varnished cambric, and tape 
each spliced conductor by using more 
than enough layers for the voltage to 
be carried. After cutting back the lead 
sheath, cord the conductors or tape 
them together, after which insulate 
them again to a width of 5 or 6 in. each 
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side of the splice. Apply a couple of 
layers of white cotton tape or use one 
layer of asbestos paper and around it 
wrap one layer of the cotton tape; this 
latter combination will provide the best 
heat insulation. You are now able to 
determine the inside diameter of the 
lead sleeve. The sheet lead can be in. 
thick, although a yy in. thickness is pref- 
erable. The over-all length of sleeve 
can be determined by measuring across 
the splice from the end of the lead 
sheath on one cable to the end of the 
lead sheath on the other. The sleeve 
should be from 5 to 10 in. longer than 
the splice depending on how much of a 
lump has been made at the splice com- 
pared to the diameter of the cable in- 
sulation. Generally, the inside diameter 
of the sheath is made only 25 per cent 
greater than the over-all diameter of 
the lead cable. 

Next, cut the sleeve out of sheet lead, 
making it about 4 in. longer than the 
length of the splice, and allow 33 times 
the outside cable diameter for the width 
of the piece being cut. Take the lead- 
dresser and beat the lead out smooth. 
Hold the lead sheet on a smooth man- 
drel, which is of the diameter of the 
splice, and beat the lead to a tubular 
shape. This tubular sheathing is now 
slipped over the splice, spacing it so 
that the lap at each end will be the 
same. Scrape the sides that lap for a 
distance of 4 in. each side of the lap. 
Scrape and tin this seam with a copper 
bit, using half-and-half solder. Beat 
the ends of the sleeve into a cone shape, 
keeping the surface smooth at each end 
so that it will join tightly to the lead 
of the cable. If you have made a bulky 
splice, it may be necessary to make a 
larger sleeve, or two small “V” cuts 
may be made in the ends of the sleeve, 
although this latter procedure is con- 
sidered poor practice when a good job 
is desired. 

Scratch the ends of the lead cable 
with the wire brush for a distance of 
about 14 in. at each joint. Apply the 
plumbers’ soil and then let it dry well. 
Then with the compass make a mark 
around the cable and the sleeve at a 
distance of 1 in. to 13 in. from the place 
where the sleeve joins the cable as 
shown at the left of the accompanying 
illustration. Then scratch the cable and 
sleeve with a shave hook between the 
compass marks. Cover this cleaned 
surface quickly with tallow, so as to 
prevent oxidation. 

Secure cable and sheath in a frame 
or a vise and proceed to wipe the joint. 
Pour the solder on the soiled sections 
until the sleeve and cable are heated to 
the point at which the solder begins to 
slip off the joint at the bright or tinned 
parts. Pat solder back to top of joint 
with the wiping cloth making certain 
that the bottom and sides are properly 
tinned and wiped. Finally, before the 
solder cools and hardens or begins to 
crumble, wipe or pack the solder into a 
smooth, even, symmetrical lump over 
the entire joint as shown at the right 
of the accompanying diagram, being 
sure to leave no exposed, unsoldered 
seams or holes in the sleeve or cable, 
exception of the vent-hole in the sleeve, 
which must be soldered up last with a 
copper bit. 

It might be well to grease your 
fingers and hands with cup grease so 
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as to prevent the stray solder from 
burning them too severely. Many little 
tricks and twists must be found out in 
practice just the same as one does in 
learning to swim. By pouring solder 
on slowly and evenly over the entire 
soiled section, instead of all in one 
place, much inconvenience will be 
avoided. My last suggestion to you is: 
Don’t burn the solder. AL. FIERS. 
Tampa, Fla. 
* $ è „ 


In answer to G. E. W.'s question re- 
garding the wiping of joints on lead- 
covered cable, I could be a little more 
specific in my answer if I knew the size 
of cable involved, whether solid or 
stranded, and the type of insulation, 
whether rubber, paper or cloth. 

Cut the ends of the cables so that the 
wires will have an overlap of at least 
five or six times the diameter of the 
conductor. When removing the lead 
sheath from the ends of each cable, 
allow a distance great enough for the 
conductors to be properly spliced. In 
removing the sheath, care must be 
taken not to injure the insulation of 
the wires. It is customary to make a 
cut around the sheath, gradually in- 
creasing its depth until the lead is cut 
through, or until the lead sheath can be 
broken off by slightly bending the cable. 
Make a cut lengthwise from the circu- 
lar cut to the end of the sheath. Injury 
to the insulation may be avoided by 
keeping the knife tangent to the cutting 
surface. Slightly turn up the ends of 
the lead sheath into the shape of a bell 
mouth. Then wrap the wires with cable 
lacing twine, at the same time working 
the twine up under the lead. 

Select a lead sleeve approximately 25 
to 50 per cent greater in diameter than 
the sheath of the cable and make the 
sleeve from 14 to 20 in. long, this 
length of course depending on the size 
of the cable. The thickness of the 
sheath should be at least as great as 
that of the lead covering of the cable. 
Before slipping the sleeve on the cable, 
each end of the sleeve is thoroughly 
scraped with a shave hook, or knife, for 
a length of about 2 in. and the cleaned 
portion is then thoroughly smeared with 
a good flux, such as stearine or a tallow 
candle. The ends of the cable should be 
similarly treated. After slipping the 
sleeve over the most convenient end of 
the cable, push it back out of the way. 

By using a sharp knife the rubber 
insulation on each conductor can be 
tapered to a pencil point. Leave a part 
of the conductor slightly exposed for a 
length that is greater than half that of 
the copper connector. If a butt joint 
is to be used, the two ends of the con- 
ductor which are to be spliced, should 
be sweated together and a copper con- 
nector or sleeve of the proper dimen- 
sion can be used. While the connector 
joint is by far the most common, 
stranded conductors may be joined by 
cutting the wires alternately long and 
short, and then fitting the ends of the 
two conductors intoone another. After 
the joint is bound by small gage wire, 
it is covered with solder and then wiped 
off so as to leave no sharp projections. 

The next step is to insulate the wire 
connections. The usual procedure is to 
cover the joint with an insulating tape 
of material similar to that used for the 
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cable insulation. Wrap this insulation 
around the connections to a thickness 
which is somewhat greater than that of 
the cable insulation. If oiled paper or 
varnished cambric is used, the tape 
should be cut on the bias. In this case 
the cable insulation is tapered gradually 
to the connector sleeve by means of a 
sharp knife, leaving a 4-in. space be- 
tween the cable insulation and the wire 
connections. The exposed insulation of 
paper is then dried by pouring over it 
melted paraffine which is heated to 125 
deg. C. Narrow strips of tape should 


be wrapped in the space between the 


cable insulation and the connector 
insulation until this space is built 
up to the diameter of the cable in- 
sulation. Wrapping should be con- 
tinued back and forth in the space 
between the two ends of the original 
paper insulation until this insulation is 
built up to the level of the cable insu- 
lation. Tape is then wound over all the 
other insulation until a thickness which 
is about 40 per cent greater than that 
of the cable insulation is reached, the 
over-all diameter being a little less 
than the inside diameter of the sleeve. 

In the case of a three-conductor 
cable, the wrapping should commence at 
a point on the covered conductor which 
is 3-in. from the outer belt and con- 
tinued to a corresponding point at the 
other end of the joint. The wrapping is 
continued back and forth, stopping each 
successive layer 4 in. short of the pre- 
ceding layer. In applying the tape, 
each turn should be drawn tightly so as 
to exclude air, and it should overlap the 
preceding turn by J of the width of the 
tape. In the case of rubber insulated 
cable, the tension of the rubber tape 
should be such as to reduce the width 
of the tape to about half of its original 
width. 

Where cotton or linen tape is used, 
each layer must be boiled out. Saturate 
the tape wranping by pouring hot com- 
pound over it until all the moisture is 
expelled. The temperature of the com- 
pound must not be high enough to 
scorch or make the insulation brittle, 
although a temperature which is higher 
than necessary for the boiling of water 
should be obtained. 

Where rubber tape containing sulphur 
is used, a snirit lamp or warm iron tool 
may be used to partially vulcanize the 
tape. The heat should be applied evenly 
and with care in order to avoid burning 
the insulation. 

After all the conductors are joined 
and insulated, as described above, tape 
rolled to a diameter of 4 in. is inserted 
at the center of the conductors to serve 
as a spreader. A band of tape is 
then wrapped around all three conduc- 
tors to a diameter that will allow it to 
slide easily into the lead sleeve. For 
multiple conductor cables operating at 
6,000 volts or more, be certain that all 
the air in the joint is removed. With 
such cables it is common practice to 
use insulating joints of prepared paper, 
varnished cloth or micanite. The joined 
conductor is then wound with cotton 
tape up to the level of the original in- 
sulation. The joint is now boiled out 
and after the insulating sleeve is 
slipped on, a further boiling out follows. 
With belted cables, a large tube must 
be slipped over the belt in addition to 
slipping an insulating tube over each 
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ccnductor previous to their splicing. 

Before the splice has had time to cool, 
the lead sleeve is slipped into place tak- 
ing care to see that the sleeve is per- 
fectly dry. The lead sleeve should be 
held concentric with the cable and the 
ends of the sleeve made to overlap each 
cable by about 14 in. After the ends of 
the sleeve are beaten down to conform 
to the shape of the cable sheath, the 
connection is made tight by a wiped 
soldered joint. In making the wiped 
joints, strips of gummed paper may be 
used to limit the joints. In wiping the 
joints care must be taken to see that 
they are made water tight and that the 
solder is not only smooth but is free 
from air holes. A small mirror may 
be used to observe the underneath part 
of the joint. The one thing that causes 
more trouble than any other in the proc- 
ess of cable joining is the presence of 
small blow holes in the wiped joints. 
With the exception of dry paper tele- 
phone cables and some rubber insulated 
cables, the space inside the sleeve is 
filled with hot compound by pouring 
through holes which have been tapped 
in opposite ends of the sleeve. Pour 
slowly into one hole until the compound 
appears at the other and then alternate 
the pouring first into one hole and then 
the other until the joint is completely 
filled. If any moisture appears in the 
joint, as shown by frothing of the in- 
sulation, the compound should be 
allowed to flow freely out of one hole 
until all such moisture is removed. 
After the joint has cooled for a suit- 
able period, say an hour, any settling 
of the insulation should be compen- 
sated by the addition of more com- 
pound. It is particularly important not 
to move the joint until it is thoroughly 
cooled and especially so with high-ten- 
sion cables. As paraffin does not adhere 
to smooth surfaces and as it has an ex- 
cessive contraction coefficient, it should 
not be used for filling the sleeve. Gen- 
eral Electric compound No. 227 or the 
Standard Underground Cable Co.'s 
“Ozite” are good compounds for this 
work. 

After the two vent holes in the lead 
sleeve are covered with a thin lead cap 
and carefully soldered, the joint is then 
complete. When the joint has thor- 
oughly cooled, it should be pushed 
gently into its permanent place. 

Fort Worden, Wash. E. I. PEASE. 


R „ * 


Changing Wire Insulation.—I am 
ning to rewind the armature of an 
Autolite generator. This armature was 
originally wound with No. 18 single- 
cotton-covered wire. Can some of the 
readers of this column inform me what 
results I will get if I rewind this 
armature with No. 18 enameled wire? 
I shall be grateful for your help. 
Marietta, Ohio. E. 

In answer to E. L. W., you may re- 
wind the armature with No. 18 enam- 
eled wire, without in any way changing 
the operating characteristics of your 
machine. 

By using enameled wire a better in- 
sulated armature will result, and since 
the outside diameter of the enameled 
wire is less than that of the s.c.c. wire, 
no difficulty will be experienced in 
winding the required number of turns 
on the armature. C. L. UMBERGER. 
Chief Electrician. 


Premier Coal Co., 
Middlesboro, Ky. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 
refer to inspection, overhauling, testing, 


Simple Method of 
Checking Progress of Work on 
Large Installations 


VV EEN making large electrical in- 
stallations, it is very desirable 
to have some method of checking the 
progress of the work at all times in a 
simple manner. 

An easy method of doing this is to 
provide the mechanics with sheets of 
transparent paper of the same size as 
the sketches or prints. The transpar- 
ent paper should then be tacked over 
the print on a suitable board. 

As the various pieces of apparatus 
are installed, their outlines can be 
traced on the transparent paper di- 
rectly from the print. Also, as each 
connection is made, it should be traced 
on the paper. In this way a continuous 
check is made which not only shows the 
progress of the work, but the check 
is a great aid to the installers in follow- 
ing through the wiring on a compli- 
cated piece of work such as a large 
control board. 


Schenectady, N. Y. J. B. RAKOSKE. 


Method of 
Determining Resistance of 
Ground Connections 


OOR electrical grounds are a 

source of trouble that is often 
overlooked by industrial operators as 
well as by many others. This subject 
of “grounds,” although an important 
one, is seldom mentioned in the maga- 
zines and the textbooks that I read, 
although faulty grounds are the cause 
of many men being either killed or 
burned by coming in contact with 
electrical apparatus which is either 
poorly grounded or which is not 
grounded at all. 

In the plant where I was employed 
last summer, considerable trouble was 
experienced due to surges. I was de- 
tailed to find the cause of this trouble 
but, before testing the line, I decided 
to read General Electric Instruction 
Book No. 85607A concerning oxide 
film lightning arresters, which book 
reads in part as follows: “In all 
lightning arrester installations, good, 
permanent, low-resistance grounds are 
essential for the satisfactory opera- 
tion of the arrester. The efficiency 
of the best arrester design is defeated 
by a poor ground connection which 
causes a loss in protection and, ulti- 
mately, damage to apparatus. The 
greater the importance of the service, 
the greater is the need of good 
grounds, and a regular system of 


testing and inspection should be put 
into practice.” 

A search for the trouble on the job 
assigned to me soon revealed the fact 
that a lightning arrester was connected 
to a poor ground. 

The resistance of grounds should be 
tested at least once a year and, if the 


The resistance of the different 
pairs of grounds in series is de- 
termined by measuring the voltage 
drop across them. 

When the series resistance of all the 
different pairs of grounds has been 
ascertained, the individual resistance 


of each ground can be determined ag 
explained in the text. 
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grounds are connected to a pipe which 
is driven into the earth, the inspection 
should be made during the dry season 
of the summer, for the resistance is 
highest when the soil is dry. The ground 
connection should never be put where it 
will be under shelter, unless it is to be 
kept damp by artificial means. 

In most soils satisfactory grounds 
can be made by driving three galvan- 
ized iron pipes into the ground for a 
distance of about 8 ft., and then the 
earth should be salted for a distance 
of about 4 ft. around the pipe. The 
pipes should be placed at least 6 ft. 
apart, in this case forming the corners 
of an equilateral triangle. The pipes 
should be connected together with lugs 
so that they can be taken apart, if 
necessary, for inspection. When the 
pipes in the ground are 8 ft. apart or 
more, a satisfactory test can be made 
for the resistance of the sum of any 
two individual ground resistances, 
after they are connected in series, as 
indicated in the accompanying sketch. 

By using a transformer to supply 
the test current, we have available a 
test current which is well insulated 
from the ground, for the secondary 
side of the transformer has no con- 
nection with tha vrimarv side. In 
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and emergency or special installations. 


this case we used two 110/2,200-volt 
transformers, but, if 2,200 volts had 
been available, only one transformer 
would have been used. One of the 
two terminals on the step-down side 
of the transformer marked Y was 
connected to one ground as indicated 
in the illustration. An ammeter and 
a resistance of about 5 ohms were 
connected in series with the other 
line leading from the step-down side 
of the transformer Y. The voltmeter 
was connected so that it would indicate 
the voltage drop between the two 
ground terminals A and B. 

The resistance of each ground can 
be determined as follows: 

Assume that the sum of the two 
individual resistances of the grounds, 
A and B, is to be determined. A fixed 
resistance of about 5 ohms should be 
used to limit the flow of current to 
about 5 amp. Assume that the volt- 
meter reads 85 volts and the ammeter 
reads 5 amp. Then, resistance (R) 
= volts divided by amperes = 85 — 
5 = 17 ohms, which is the total resist- 
ance of A and B connected in series. 

When determining the resistance of 
B + C, say the voltmeter reads 78 and 
the ammeter reads 6 amp. Then R = 
78 + 6 = 13 ohms, the combined resist- 
ance of B and C connected in series. 

Also, assume that when connected 
to A + C the voltmeter reads 72, and 
the ammeter reads 8 amp. Therefore, 
R = 72 + 8 = 9 ohms, the combined 
resistance of A and C when connected 
in series. 

The resistance of A can then be de- 
termined as follows: (A + B) 
(B + C) = 17 — 13 = 4. There- 
fore, A — C = 4. The resistance 
of A + C was determined as 9 ohms. 
Then (A + C) + (A —C) =9+4 
= 13 ohms. Consequently, 2A = 13 
ohms, and A = 6.5 ohms. 

By the same method of procedure 
the resistance of B is found to be 10.5 
ohms, and the resistance of C, 2.5 ohms. 

The total resistance of A, B, and C 
in parallel is determined as follows: 

R = 1 ＋ (1 4) + (1+ B) + 
(1 + C)]. Substituting the values of 
A, B, and C in this formula we find 
that R = 1.55 ohms. 

In the event that the resistance of 
the ground is very low, a standard 
110-volt, a.c. voltmeter will be difficult 
to read when connected as shown in 
the illustration. So, in this case, the 
voltmeter should be connected between 
M and N, and will then indicate the 
voltage drop across the ground re- 
sistance and the fixed resistance con- 
nected in series. 

In actual operation a faulty ground 
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is generally much more than 6 ft. from 
the ground pipes. The result is that 
the ground resistance in actual opera- 
tion is greater than indicated by the 
test, for the resistance through the 
earth varies approximately as the cube 
of the distance between the ground 
terminals. By actual test, when two 
ground connections are used instead 
of one, and these grounds are set in 
the earth 1 ft. apart, their combined 
resistance in parallel is about 10 per 
cent less than if one ground were 
used. 

Should these grounds be placed 
10 ft. apart instead of 1 ft., their 
combined resistance in parallel would 
be about 47 per cent less than if one 
ground were used. 

In order to insure a reliable ground, 
at least two ground connections should 
be used and spaced at least 6 ft. apart. 
Do not locate ground connections be- 
side creosoted poles. When pipes are 
used, they should be sunk into the 
earth to a minimum depth of 6 ft. The 
resistance of ground connections dur- 
ing dry weather should not be more 
than 15 ohms. C. H. FUNDERBURG. 


Maintenance Division, 
Detroit Edison Co., 
Detroit, Mich. 


Method of Providing Sequence 
Control for Three Pump Motors 


N INTERESTING system was re- 

cently devised for controlling an 
installation of three squirrel-cage 
motors, which drive the pumps that 
supply water to a reservoir, by allowing 
the water level in the reservoir to 
actuate a field control switch. It was 
desired that the motor controls consist 
principally of a standard automatic 
starting compensator, an auxiliary con- 
trol which would give six operating 
combinations of the three pump motors 
at six different levels of the water in 
the reservoir, and that only one of the 
pumps should operate at certain times. 
It was further planned to have the 
other two pumps automatically shut 
down during these periods and start up 
again at the end of the shut-down pe- 
riod. These three pump motors are 
rated at 60, 100, and 150 hp., respec- 
tively. 

During the winter months ice would 
foul the mechanism of a float switch; 
so it was decided to use a Ruggles- 
Klingemann regulator panel having six 
control points, each point representing 
a definite level of the water in the 
reservoir. 

On the panel was mounted a Rug- 
gles-Klingemann regulator, a dial 
switch, a control circuit switch, a time 
switch and seven double-pole control re- 
laying contactors. Rather than make 
up a new dial switch with six points, 
use was made of a field control switch 
with 21 buttons. The desired six points 
were obtained by connecting this switch 
so as to make seven groups of three 
buttons each. 

In operation, the lowering of the 
water level in the reservoir causes the 
regulator to operate by moving the dial 
switch to the first control point, in this 
way actuating contactor No. 1 which 
starts pump motor No. 1 by means of 
the first automatic compensator. If the 
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water level continues to drop, addi- 
tional contactors up to the sixth are 
actuated. 

While the dial switch is on any one 


of the three points, only one motor 


runs at a time, for when one pump 
goes into operation the preceding one 
drops out. Pump No. 3 operates on the 
fourth, fifth and sixth points, as well 
as on the third point. As the dial 
switch moves to the fifth and sixth 
points, additional pumps are picked up 
at each point. That is, pump No. 1 
is added at the fourth point, at the 
fifth point pump No. 1 drops out and 
pump No. 2 is started up, and on the 
sixth point all three pumps operate 
simultaneously. 

In order to permit operation of but 
one of the pumps during certain pe- 
riods, a time switch together with one 
of the control relaying contactors were 
used. The normally closed tips of the 
time switch were included in the coil 
circuit of the contactor, and the con- 
trol circuits of the two automatic start- 
ing compensator panels were wired in 
series with the contactor. During the 
period when two of the motors are 
temporarily cut out, the tips of the 
time switch open and the contactor 
drops out, thus allowing only one pump 
motor to operate, regardless of the po- 
sition of the dial switch. 


General Electric Co., B. S. HAVENS. 
Schenectady, N. Y. 


Method of Separating 
Iron from Monel Metal Turnings 
Saves $20,000 A Year 


Y THE use of a magnetic roll, for 
separating iron and steel turnings 
from Monel metal scrap approximately 
$20,000 is saved annually in the Gen- 
eral Electric plant at Schenectady, N. Y. 
Formerly, approximately 70 gross 
tons of mixed metal turnings. were 
scrapped each year, as no method was 
known of separating the high-value 
Monel metal from the cheaper iron and 
steel. 
Mixed metal turnings then were sold 


By regulating the current flow, the 
strength of the magnet is adjusted 
so that it will attract iron and steel, 
but not Monel metal, turnings. 
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for an average price of $15 per gross 
ton, while clean Monel metal turn- 
ings brought approximately $300 per 
gross ton. 

Many methods of separating the two 
kinds of scrap had been tried without 
success. The magnetic method was 
tried but was not at first successful 
because the Monel metal was also 
picked up by the magnet. It was eventu- 
ally found that by adjusting the current 
flowing through the magnet a point 
could be reached where the strength 
of the magnet could be sufficient to 
retain only the iron and steel turnings, 
thus separating them from the Monel 
metal turnings. The machine used for 
separating the turnings is shown in the 
accompanying illustration at the bot- 
tom of this page. 

During the cold weather a clean 
separation was difficult because of oil 
congealing on the turnings and holding 
them together. One of the plant work- 
men suggested that the turnings be 
dried on large steel plates or in a large 
shallow pan heated by a fire beneath 
it. This scheme was tried and was 
found to be successful. 


Comment on “One More 
Reason for Standardizing 
General-Purpose Motors” 


N THE October issue, page 488, 

there is an editorial entitled “One 
more Reason for Standardizing Gen- 
eral-Purpose Motors,” in which is 
brought out the fact that the Chief 
Electrician in a plant where there were 
240 motors was in very bad shape on 
account of the fact that no two of them 
were alike. 

It is perfectly true that if it were 
possible to standardize motors, all we 
would need would be to have the same 
size, same shaft, same dimensions 
throughout. 

This would indeed be a very great 
help, but the other side of it is this— 
standard motors don’t remain standard 
very long. In other words, there is no 
motor of any popular make, on the 
market at the present time which was 
on the market five years ago. As an 
average, every five years or even less, 
every manufacturer brings out a new 
line of equipment; so if a user started 
out to standardize just because he 
bought from the same manufacturer all 
the time, the user would be off standard 
within a comparatively short time. 

Anyway, it does not seem to me that 
this matter of standardization is any- 
thing like such an important matter as 
it might appear on the surface. All 
the spare parts that any manufacturer 
carries for the usual line of general- 
purpose motors is spare bearings, and 
it is not going to cost more to carry 
these spare bearings for 17 different 
makes than it is for one, particularly 
when the size of the bearing generally 
varies with the size of motor. 

Standardization is a very important 
matter, but it is not a God-send. 
Vice-President, J. F. LINCOLN. 
The Lincoln Electric Co., 

Cleveland, Ohio. 

Nore: The purpose of the editorial 
mentioned was to show one more 
reason for standardizing general-pur- 


November,1926 


pose motors; there was no intention to 
claim that the main reason for stand- 
ardizing motors is the reduction in 
spare parts. The chief advantage from 
standardizing general-purpose motors 
would be the interchangeability 
brought about by standardization of 
their external dimensions. On this 
question we would like to have the com- 
ments and viewpoints of other readers, 
particularly as to whether they favor 
the standardization of general-purpose 
motors, and why.—EDITors. 


— —— — 


Lock to Prevent Closing of 
Knife Switch 


N MANY plants, especially those 

which have been in existence for 
many years, open knife switches are 
quite common on the main switchboard. 
As a means of preventing unauthorized 
persons from closing switches when the 
electricians are working on branch 
lines, the writer devised a switch lock, 
shown in Fig. 1 in the ad joining column. 

The main part of the device was cut 
from a sheet of 4-in. red fiber. Two 
iron ears, shown in Fig. 2, were at- 
tached to the fibre sheet by means of 
3-in. stove bolts, the ends of the bolts 
being riveted over the nuts to prevent 
them from being unscrewed when the 
device is in service. A railway switch 
lock is used to lock the device in place, 
and no one except the electricians is 
allowed to have keys to this lock. 

On 400-, 600- and 800-amp., three- 
pole switches the ears of the locking 
device are slipped over the center blade 
of the switch. On 1,000-amp. switches 
with laminated blades, one ear of the 
safety devise is passed between the 
blades on the middle leg of the switch, 
the other ear being outside of the 
outer blade on the same leg. 

Due to the fact that the ears are not 
placed in the exact center of the fiber 
sheet, this safety device can be turned 


Fig. 2—This shows how the knife 
switch lock is made. 
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Fig. 1—When this device is locked 
to one of the blades of a knife 
switch, the latter cannot be closed 
accidentally. 


upside down to fit various other types 
of switches on our switchboard. There- 
fore, this one device can be used to lock 
out any switch on our distributing 
switchboard—thus making for Safety 
First. The electricians have a great 
deal of confidence in this device and it 
would no doubt be found useful in many 
other plants. 

Chief Electrician, 


U. S. Gypsum Co., 
baster, Mich. 


C. A. PETERSON. 


Comparison of 
Insulation Resistance and 
Dielectric Strength 


HERE seems to be confusion in the 

minds of some engineers as to the 
difference between dielectric strength 
and insulation resistance, as applying 
to electrical apparatus generally, and 
consequently there is some lack of ap- 
preciation of the value of making insu- 
lation resistance tests. We are all so 
familiar with the general practice of 
applying a high voltage for the purpose 
of testing motors, generators, trans- 
formers, and the like, that there is 
danger of overlooking the insulation re- 
sistance test, which gives results of 
equal and often greater usefulness. 
The writer offers the following com- 
ments as indicating the value of insu- 
lation resistance testing, both in addi- 
tion to, and entirely apart from, the 
so-called high-potential or dielectric 
strength test. 

All electrical insulating materials 
have two fundamental electrical prop- 
erties: (1) Resistance to the passage 
of current, or ‘insulation resistance, 
and, (2) strength against breakdown 
under static or high-voltage stress, or 
dielectric strength. 

Insulation resistance is expressed in 
ohms or megohms (millions of ohms), 
and is proportional to the thickness of 
a perfectly homogeneous insulating ma- 
terial and is inversely proportional to 
the area under test. For this reason 
the insulation resistance of a short 
piece of wire or cable is higher than 
that of a longer length. The values 
can be obtained quite readily by a num- 
ber of different methods, one of the sim- 
plest and most reliable of which is the 
Megger method referred to below. 

Dielectric strength is expressed in 
terms of the voltage at which the in- 
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sulation punctures at some point, due 
to static stress, and can be measured 
only by testing to failure, similar in 
principle to the way samples of build- 
ing materials are tested to destruction. 

Now, insulation resistance is not 
ordinarily a measure of the voltage re- 
quired to cause an actual breakdown 
or puncture of the insulation, although 
frequently the insulation resistance test 
is a guide in this respect, as pointed 
out in the following paragraphs. But 
here is a fact which apparently few 
appreciate—a piece of electrical appa- 
ratus may successfully undergo a rated 
or specified dielectric strength test and 
still have relatively low insulation re- 
sistance. Low insulation resistance 
means increased current leakage to 
ground or to other conductors, and may 
be due to a number of causes, such as 
deteriorated insulation, or moisture, or 
both, or to dirt or corrosion at termi- 
nals. There is no way that the high- 
voltage dielectric test can indicate this 
condition without breaking down the in- 
sulation at some point, and even then, 
one only knows that the insulation was 
weak at that particular point. Fur- 
thermore, high-voltage testing does 
subject electrical equipment to serious 
risk of unnecessary and permanent in- 
jury, particularly old equipment where 
the application of high-voltage is 
“playing with fire,” as far as trouble 
is concerned. 

The so-called high-potential test is 
only part of the whole story in testing 
electrical apparatus, and actually, in 
many instances, it gives only a small 
part of the total information which 
one needs to know about the condition 
of a motor, generator or cable, and 
other apparatus. 

It is common practice to apply high 
potential to new or repaired electrical 
apparatus. Experience has shown, 
however, that much electrical equip- 
ment will have a lower insulation re- 
sistance after a high-voltage test then 
preceding it, showing that something 
has happened which in all probability 
should not have happened. For ex- 
ample, if the insulation resistance of a 
repaired 50-hp. induction motor meas- 
ures 2 megohms it is likely to measure 
as low as 13 megohms or lower, after 
the motor has apparently successfully 
undergone a high-potential test. There 
is no way in which the high potential 
will indicate this weakened condition, 
unless it is carried to the point where 
the apparatus breaks down entirely. 

Applying a high-potential test is 
somewhat like suddenly dropping four 
or five times normal load into an ele- 
vator which, if the rope stands the 
strain, is expected to carry you and a 
normal load up eight or ten floors. 
How do you know whether or not you 
strained that rope to the breaking point 
when you applied the breakdown test? 
It might have been more to the point to 
inspect the elevator rope carefully for 
broken strands, and as to how much it 
has stretched in its life, or would 
stretch under a given load. 

There are many electrical operators 
who consider it worth while to make an 
insulation resistance test both before 
and after the high-potential test. Un- 
necessary breakdowns can be largely 
prevented by this method if a suitable 
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standard is maintained, and to that ex- 
tent the insulation test is a guide as 
to the amount of high voltage which it 
is safe to apply. It should be clearly 
understood that the high-potential test 
is not replaced by the insulation re- 
sistance test on new or repaired appa- 
ratus. For example, sz in. of air space 
between a misplaced conductor and the 
frame of a machine may have good in- 
sulation resistance, but would readily 
break down under high voltage. How- 
ever, such a failure usually is not a 
question of insulation, but of workman- 
ship. 

One will seldom risk the application 
of high voltage to a motor or cable, 
which apparently is all right, but which 
needs to be checked as to its condition. 
Manufacturers do not recommend this 
practice, and common sense will tell 
any one that the risk is unnecessary. 
It is here that the insulation resistance 
test is of greatest value: it does no harm 
to the apparatus being tested and it 
shows on a direct-reading scale what 
the condition of a motor or generator 
is relative to deterioration, moisture, or 
dirt accumulation. Insulation resist- 
ance varies considerably with tempera- 
ture and humidity, but it takes very 
little practice on the part of an alert 
electrician to determine the condition of 
a piece of electrical apparatus, by 
means of an insulation resistance test. 
Regular tests and records are helpful 
in this connection. If a 100-hp. motor 
had 10 megohms insulation resistance 
a year ago and tests once a month or 
so have shown a falling off until now 
the insulation resistance is less than 1 
megohm, there is ample warning that 
something is wrong. Your own general 
acquaintance with that motor will tell 
you approximately what and where the 
trouble is. The insulation test tells 
you that it is there. On the other hand, 
you may have another 100-hp. motor of 
the same type which has held consist- 
ently around 1 megohm for the past 
year, possibly up to 1.5 or down to 
0.8 megohms, depending on specific con- 
ditions when the tests were made; but 
that machine is all right even though 
its insulation resistance is the same 
now as the first motor, which ought to 
be up to its own normal of 10 megohms. 
It is common practice to use 1 megohm 
as a safe working standard for much 
electrical apparatus, but actually the 
insulation resistance is relative, the 
same as a barometer or temperature 
reading is relative. The question is. 
Is it rising or falling? 

In the hands of an alert, intelligent 
electrical engineer a megohmmeter or 
insulation-resistance measuring instru- 
ment is a powerful tool, and the results 
obtained far outweigh the money spent 
for it and time consumed in using it. 

The practice of making insulation re- 
sistance tests has grown steadily dur- 
ing the past 10 to 15 years, and it 
would appear that the subject is des- 
tined to receive much more general at- 
tention and be given wider application. 
Particularly will this be true on ac- 
count of the increasing necessity for 
uninterrupted service while plants are 
in operation, and the further economic 
advantage of preventing unnecessary 


trouble. T. B. WHITSON. 
James G. Biddle, 
Philadelphia, Pa. 
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How to Reverse 
Direction of Rotation of 
Split-Phase Motors 


IRECTION of rotation of most 

split-phase induction motors may 
be easily reversed by simply trans- 
posing the leads from the starting coils, 
outside the motor frame. In cases 
where it is necessary to reverse the 
direction frequently, it is advisable to 
install a three-pole, double-throw 
switch, as shown in the accompanying 
diagram, which is recommended by The 
Emerson Electric Manufacturing Co., 
St. Louis, Mo., for use on its stock 
types of split-phase motors. 

The leads from the starting coils, 
from the central bushing on the motor, 
are connected to two jaw studs of the 
reversing switch and are cross-con- 
nected to the two corresponding jaw 
studs on the opposite side. The two 
corresponding blade studs are con— 
nected, respectively, to one of the main 
line wires and to one of the motor 
binding posts. The third pole of the 
switch is used as à single-pole line 
Switch to open the circuit and stop the 
motor. 

The operator must allow the arma- 
ture to come to a full stop before the 
switch is closed. If the phase coil con- 
nections are reversed without breaking 
the circuit and allowing the motor to 
come to rest, the armature will con- 
tinue to rotate in the same direction. 
It is only at starting that the influence 
of the phase or starting coils is felt; 
hence the necessity for the third pole 
of the switch to break the circuit. 


REVERSING SWITCH 


A three-pole, double-throw switch 
connected as shown here will facili- 
tate frequent changes in the direc- 
tion of rotation of a split-phase 
induction motor. 
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Obviously, a two-pole reversing 
Switch, without the main line connec- 
tion, would answer the purpose if the 
circuit were broken by operating the 
main line switch simultaneously with 
the reversing switch. However, the use 
of the three-pole switch involves but 
one operation to break the circuit, re- 
verse the motor, and start it in the 
opposite direction. 


How Single Brushes 
Caused Reversal of Polarity 
on Generator Exciter 


Tre following instance of reversal 
of polarity was recently brought to 
the writer’s attention, and brings out a 
point in fundamental design which 
seems important. 

_ Certain steam turbo-generators were 
installed with direct-connected exciters. 
One day the operator was called on to 
leave the generating room for a few 
minutes and, while away, the lights 
went out and almost instantly lighted 
up again. At the time, only one gener- 
ating unit was in operation. 

He noticed, upon returning to the 
generator rdom, that all the direct- 
current instruments read in the reverse 
direction. As no connections had been 
changed or touched since the units had 
been installed and there had been no 
circuit troubles, so far as could be 
learned, it seemed logical to assume 
that whatever the cause might have 
been it was present in the unit itself. 
After a thorough and careful examina- 
tion, the cause was discovered more or 
less by chance at the exciter that was 
directly connected to the generator. 

The exciter was a very small one of 
the bipolar type, and had only two 
brush holders with a single carbon 
brush per holder; due to a brush stick- 
ing in its holder after being raised 
from the surface of the commutator by 
a high commutator bar, the direct- 
current circuit was momentarily 
opened, thereby cutting off both the 
exciter field current and main unit field 
current. 

The inductive discharge of the main 

field caused the exciter polarity to re- 
verse and, as the vibration of the ex- 
citer set caused the brush contact to 
be again made almost instantly, the 
exciter built up again in the reverse 
way. As it was possible at this sta- 
tion to parallel the exciters on the dif- 
ferent units, the condition had to be 
rectified. 
_ This could have been done by cross- 
ing the leads at the switchboard, but it 
was obviously a method to be avoided. 
It was then demonstrated that the the- 
ory of the cause of the trouble was 
correct, for by lifting one of the brushes 
momentarily the polarity of the exciter 
was restored to its correct condition. 

The knowledge gained from this 
rather novel experience is that any 
d.c. generator, no matter how small, 
and particularly one used as a gener- 
ator exciter, should never have less 
than two brushes per set, as the likeli- 
hood of both brushes losing contact at 
the same time is extremely remote. 


C. OTTO VON DANNENBERG. 
Electrical Division, 


General Engineering & Manageme 
New York, N. T. J poe 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 
ing element through the auxiliary transmitting equipment to all driven machines. 


Elevator Operator Services Belts 
in Small Plant 


T ONE Michigan plant, in which the 

work consists largely of assembly 
operations and there are compara- 
tively few machines scattered over the 
four-story building, it was considered 
advisable to have a belt maintenance 
man, although there was not sufficient 
work to keep him busy. A study of 
other intermittent duties in the plant 
indicated that the elevator service was 
intermittent enough so that one of the 
elevator operators could also serve as 
the belt man. This man keeps belt 
tools and lacing supplies in a bench 
built in along one side of his elevator 
car so that they are always convenient 
for him whenever he receives a call on 
any of the four floors. 

This elevator operator was formerly 
employed in a large factory on main- 
tenance work but became too old for 
continuous service at this more difficult 
task. In this plant the belt work re- 
quires a comparatively small portion of 
his time; the larger proportion is given 
to the operation of his elevator. In 
addition to making repairs on call, he 
is able also to repair loose laps and 
trim belts at his bench in the car, and 
make occasional inspections of the belts 
in the plant so as to keep them all in 
good condition. 


Easily Made Water Gage for 
Leveling Line Shafts 


N ONE occasion we were con- 

fronted with the task of lining up 
a shaft that passed through two brick 
walls, and this prompted us to make the 
leveling set shown in the accompanying 
drawing. As in practically all old build- 
ings, the floors had settled unevenly and 
carried the lineshaft with them. The 
work was made more difficult because 
the 30 ft. between the two walls was a 
sort of dark well so occupied as to make 
this section of the shaft virtually inac- 
cessible at the point we needed. 

This one job, and the fact that we 
often had shaft leveling to do, induced 
us to construct a leveling set that would 
be independent of hand levels, and yet 
could be used with them when desirable. 
We made this as a “water level” outfit 
and first joined the two gages by 60 ft. 
of tubing; since then we have used as 
much as 150 ft. of tubing on some jobs. 

The cost was low because picked-up 
parts were used for everything but the 
bases and the tubing. A simple pattern 
was made for the base C and two of 
them were cast in gray iron. It would 
have been better to use brass, but this 


iron set has worked out very well in 
practice. 

The castings were planed off on the 
lower flat side and the V cut in on both 
pieces at the same time to insure that 
they were made the same size. The 
upper round riser was turned and 
threaded in an engine lathe and to this 
was fitted the gland from a discarded 
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A pair of these shop-made water 
gages was used to level a shaft ex- 
tending through two brick walls. 


water glass; the pair of glands an- 
swered for the set. Two sections of old 
gage glasses G were cut off, the sharp 
ends smoothed, and then thoroughly 
cleaned. These were clamped upright 
by tightening the gland nuts. 

The side outlets were drilled and 
tapped for 3-in. pipe and half of a 3-in. 
nipple was screwed in each hole. These 
side holes, of course, joined the holes 
in which the glasses were set. Rubber 
tubing was worked over the nipples 
until securely gripped. 

It was necessary to tighten the nuts 
so that the height H was the same on 
each gage. Two 6-in. rulers were pur- 
chased, sawed lengthwise, and all but 
the narrow beveled edge, which is 
graduated, was discarded. These strips 
were wired to the glasses, as shown, to 
provide the graduation at very little 
expense or trouble. 

With this equipment, it was a very 
simple operation to place one member 
of the set on the shaft in the first room 
and get a reading of the height of the 
shaft in the third room. This reading 
showed a difference of * in. in this 
case, part of which could have been de- 
tected with hand levels, but not so 
easily or as accurately, unless we had 
been able to get at the shaft in the 
intermediate room. 

Even in a room with 100 ft. of shaft, 
all exposed, a water level is a great 
help. It often happens that, after 
starting to level from one end and ad- 


justing each length of shaft up or down 
to the other end, it is found that the 
adjustment should have been made 
either higher or lower at the start be- 
cause of some belt condition or due to 
insufficient range in some of the 
hangers. By using the set described, 
an idea of the difference in level be- 
tween the ends or at any other points 
may be gained in a few minutes with- 
out making any laborious changes that 
may prove to be wrong. This quick 
check is very similar to the “prelimi- 
nary levels“ which the surveyor runs 
over a piece of ground to determine its 
general characteristics before putting 
in grade stakes and making other 
necessary preparations. 

As a suggestion for others who may 
wish to make such a set, it is best to 
use large-sized tubing because there is 
then less water friction and a better 
chance to get all the air out. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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How to 
Remove Frozen Shaft by Use of 
` Oxygen Lance 


NE OF the most troublesome prob- 

lems for a shop man is to remove 
a frozen shaft or crankpin from a gear 
or pulley with simple equipment. A 
method of doing this with a cutting 
blowpipe and an oxygen lance, as rec- 
ommended by The Linde Air Products 
Co., New York, N. Y., is as follows: An 
oxygen lance consists of a length of 
- or ł-in. iron pipe and a piece of 
oxygen hose. This assembly is con- 
nected to the oxygen regulator in the 
usual way. 

To cut out a frozen shaft, the first 
step is to cut off the shaft with the cut- 
ting blowpipe near the pulley hub on 
both sides. The pulley is then placed 
in a horizontal position so that what is 
left of the shaft will be vertical, as 
shown in the accompanying illustration. 
With a welding blowpipe heat a spot in 
the center of the shaft end to a bright 
red heat. Direct the oxygen lance 
against this hot spot with oxygen at 
about 10 lb. pressure, passing through 
the 4-in. pipe. A hole will be drilled 
rapidly through the shaft, the pipe in 
the lance being consumed meanwhile. 
It may require more than one length of 
pipe for one deep hole, and the oxygen 
pressure should be gradually increased 
with the depth of the hole, to blow the 
molten metal and slag up out of the 
hole. The hole should be drilled all the 
way through the shaft in this manner. 

While the metal is still hot, slot the 
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shaft on one side with the cutting blow- 
pipe as shown in the acompanying dia- 
gram. This slot can easily be made to 
the edge of the shaft through the whole 
length of the shaft section remaining 


Shaft 


Drill out wits 
Oxygen Lance 


Method of removing solid pulley or 
gear when frozen on shaft. 
First cut off the shaft at both hubs, 


and then drill a hole through the 
center of the shaft with an oxygen 
lance as shown. The shaft is slotted 
to the hub of the pulsy with the cut- 
ting blowpipe and then can be knocked 
out easily, 


in the hub by starting it on the hot edge 
of the lance-drilled hole. When the 
shaft is drilled and slotted in this way, 
it can easily be knocked out. If it still 
sticks, however, extend the slot from 
the hole to the further edge. 


Precautions to Take When 
Rebabbitting Bearings 


N THE rebabbitting of bearings the 

following three factors are of prime 
importance: The bearing metal, the 
temperature at which it is poured, and 
the temperature of the shell and man- 
drel. The composition of the babbitt 
should be suitable for the service con- 
ditions. The two principal factors 
determining the composition of the bab- 
bitt are speed and pressure. In high- 
speed operation with a light or medium 
pressure, it is well to use a babbitt 
with a fairly high percentage of lead. 
For severe operating conditions, due to 
high pressure, at any speed, a relatively 
high percentage of tin must be used 
in the bearing to give sufficient com- 
pressive strength. As bearings operate 
under a wide variety of conditions 
intermediate between the extremes of 
pressure and speed, a correspondingly 
wide variety of bearing compositions 
may be used. The accompanying table 
indicates some of the alloys which iave 
been found satisfactory for various 
purposes as indicated. 

The best composition for any par- 
ticular service is dependent upon op- 
erating conditions and may be made 
valueless by heating the metal to 
too high a temperature, or by pour- 
ing it when it is too hot or too cold. 
Greater care must be exercised in 
seeing that a lead-base babbit is used 
at the proper temperature than is the 
case with a tin-base alloy. For this 
reason, it is well to use electrically 
heated melting pots with some type of 
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thermostatic control, which will heat 
the metal to a certain temperature and 
keep it there until used. 

The first step in babbitting a bearing 
is to clean the shells, which may be 
made of cast iron, cast steel, steel or 
bronze. Cast-iron or cast-steel shells 
are usually used without tinning. When 
rebabbitting an old bearing a:l of the 
old babbitt must be removed by heating 
the shells until it is melted out. Oil, 
dirt, or other foreign matter attached 
to the shell may be removed by dipping 
it in a strong solution of caustic potash 
or by burning. If the latter method 
is used the presence of smoke indicates 
that all oil and dirt have not been 
burned off the shell. 

The next step is to scrape the surface 
to remove any scale. Steel or bronze 
shells, which are usually tinned, may 
be cleaned by heating them, preferably 
in a pot of scrap babbitt, until the old 
metal is melted out. As soon as the 
old metal is removed, the tin surface 
should be cleaned by coating it with 
zinc chloride; then dip the shell into a 
pot of molten solder (50 per cent tin 
and 50 per cent lead) which should be 
maintained at a temperature between 
630 and 670 deg. F. Best results will 
be obtained by babbitting these shells 
while they are still hot and without 
handling. If permitted to cool, the tin 
surface should be wiped off before re- 
filling. 


Composition of Babbitt Adapted for 
Various Bearing Services 


Anti- 
Application Tin Lead mony Copper 

80 10 10 

Shafting and heavy 75 15 10 
machines 70 i 3 E 
Bearings on machine | 39 27 19 4 
tools and millwork | 39 40 37 3 
Light machines. 10 75 15 ee 


When tinning a shell it is necessary 
to cover the parts on bronze or steel 
shells which are not to be tinned with 
a clay wash or thin mixture of graphite 
and water. When this is dry, the parts 
to be tinned should be swabbed or 
washed with zinc chloride and the shell 
then immersed in a pot of molten solder 
which should be maintained at a tem- 
perature of about 680 deg. F. The 
shell should be permitted to remain 
in the solder until it is heated through. 
This is indicated by the excess of solder 
running off quickly when the shell is 
removed. A thin coating will, how- 
ever, remain on the surfaces to be 
tinned. 

It is well to remove the shell from 
the solder pot and again rub the tinned 
surfaces with zinc chloride and dip 
into the solder bath as before. This 
operation should be repeated as long 
as any spots which have not been thor- 
oughly tinned can be detected. For 
tinning solder is preferable to babbitt 
in that it has a lower melting point. 

The rate at which the bearing metal 
cools after it has been poured is verv 
important and can best be regulated 
by wre-heating mandrels and shells. 
Ordinarily. for cast-iron or cast-steel 
shells which are untinned, the mandrel 


Vol.84, No.11 


is preheated to about 300 deg. F., and 
the shell to around 210 deg. F. If the 
shell is too hot, the metal will cool too 
slowly, which sometimes results in a 
partial segregation of the metal in the 
alloy that may make one part of the 
bearing too hard and another too soft. 
Where the shell is too cold, the babbitt 
metal in contact with it is chilled too 
suddenly and may shrink away from 
the she]. The use of oil on the man- 
drel is objectionable because it causes 
blistering. Satisfactory results can 
usually be obtained by coating the sur- 
face of the mandrel with a clay wash 
applied with a rag. 

If necessary the mandrel may be 
cooled between pourings by dipping it 
in the clay wash, instead of swabbing. 
The proper temperature of the mandrel 
is indicated by the clay wash drying 
quickly, but without spattering. As 
stated before, the bronze or steel shells 
are preheated in the tinning process 
and should be babbitted immediately. 


Using Steel Rollers to Overcome 
Loose Pulley Trouble 


ONSIDERABLE trouble was ex- 

perienced with seizing of a loose 
pulley on a shaft in a saw mill. At 
first the bushing was reamed out a 
little. This was unsuccessful, however, 
because it gave the pulley a slight 
wabble, which threw the belt. This 
plant was not only located in an out- 
of-the-way place, but as it was an old 
mill it was not desired to make any 
expenditures for new equipment which 
was not absolutely necessary. 

As the purchase of a new pulley was 
out of the question, the following ex- 
pedient was resorted to and has over- 
come the difficulty. The hub was bored 
out and fitted with a brass bushing 
securely held in place with dowel pins, 
as shown in the accompanying sketch. 
A number of ground steel rods of 3-in. 
diameter were cut to the length of the 
hub. The ends were cut off true and 
squared. The sharp circumference at 
the end was rounded off slightly with 
a file. The brass bushing was then 
bored out sufficiently large so that 
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The pulley was fitted with a brass 
bushing and a simple roller bearing 
made by inserting a number of 
}-in. steel rods between the bush- 
ing and the shaft. 
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these steel pins could be inserted 
around the outside of the shaft and 
the inside of the bushings. This pro- 
vided a makeshift roller bearing of the 
type used in toy wagons and other 
similar applications. A steel plate was 
attached to the ends of the hub to pre- 
vent these rollers from working out. 
Lubrication was supplied by means of 
an Alemite fitting. With adequate 
lubrication this bearing should last for 
a long time. Since it has been in- 
stalled no further trouble has been 
experienced. M. C. COCKSHOTT. 
Union Rock Co., 

Azusa, Calif. 
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Repairing Worn Shaft Under 
Loose Clutch Pulley 


NE of the most inconvenient re- 

pairs to make on a lineshaft is 
building up the worn spot caused by 
a loose clutch pulley. Frequent practice 
in such cases is to cut out a section of 
shaft, but this is expensive and in- 
convenient as well. One method of 
making a repair of this nature, as 
reported by H. L. Weber, Master 
Mechanic, Louisville Woolen Mills, 
Louisville, Ky., is shown in the accom- 
panying illustration. 

In this plant a 2łł-in. shaft was 
worn at a loose clutch pulley to 21 in. 
under one edge of the pulley and 23 in. 
under the other. The clutch would no 
longer hold and could not be kept cool 
when running idle. The installation of 
a new piece of shafting seemed to be 
the only remedy. However, renewal of 
the shaft would have cost about $50 for 
material, required 26 hr. labor and 
cause at least 31 hr. production loss in 
the 20 per cent of the mill in which 
production was dependent upon this 
mainshaft. 

After considerable study, the repair 
was made as follows. The high spots 
on this worn section of the shaft were 
filed down and a piece of 23-in., extra- 
heavy pipe 71 in. long was turned down 
to 22 in. outside diameter and then 
split on one side only with a hacksaw. 
Three 3-in. screw holes were drilled 
and countersunk on each side of the 
saw cut. The pipe was then slipped 
and driven over the shaft to the worn 
place, clamped tightly, and the shaft 
drilled and tapped to receive the screws 
which hold the pipe tightly in place, 
as shown in the accompanying illus- 
tration. 

When this was done, the pipe just 
touched the shaft at the high spots 
on the 21 in. diameter section, but left 
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A piece of extra-heavy pipe was 
turned down and slotted to fit over 
the worn spot on the lineshaft. It 
was then screwed to the shaft and 
the void between the sleeve and the 
shaft filled with Smooth-On cement. 


an open space between the pipe and 
shaft at the 28 in. section and interven- 
ing spots. The ends of the pipe were 
temporarily filled with putty to form 
a mold, and a thin mixture of Smooth- 
On No. 1 and Smooth-On No. 3 were 
poured into the crack left by the hack- 
saw. The pipe sleeve was tapped 
slightly with the hammer during the 
pouring so that the mixture would 
completely fill the void. 

The inside of the clutch pulley bear- 
ing which had worn conical, and 
tapered to the center, was bored and 
bushed to the new diameter, 23 in., and 
slipped over the pipe sleeve. The repair 
was allowed to stand until the next 
morning to give the mixture time to 
harden and form a substantial support 
for the pipe sleeve. When put into serv- 
ice the clutch operated satisfactorily. 

The entire cost of this repair was 
about $3 for material, labor 10 hr., 
and approximately 10 hr. of production 
loss on the 20 per cent of the mill 
which was dependent upon this clutch 
for its power. 
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Recommendations for Lubrication 
of Ball Bearings 


DEAL lubrication for a ball bearing 

consists of an oil circulating con- 
stantly in an ample, but not too ample, 
volume and with only slight pressure. 
“Ideal” is used advisedly, because an 
ideal is something that can be attained 
only with the greatest difficulty and 
trouble, if at all, which is exactly the 
case with the above method of lubricat- 
ing ball bearings. 

Five main difficulties, however, lie in 
the way of oil lubrication: (1) Heat 
is generated by the churning of the oil 
at speeds as low as 300-400 r.p.m. 
unless an overflow is provided to main- 
tain a proper level; this churning and 
heating increases proportionately with 
the depth of the oil and the rate of 
speed. (2) Oil, being a liquid, is hard 
to retain in a housing. This is espe- 
cially true because under the churning 
action of the moving balls the oil is 
vaporized and floats out of the housing. 
(8) Owing to vaporization and other 
factors, oil requires frequent renewal. 
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(4) When shafts are not revolving, the 
force of gravity draws the oil to the 
bottom of the housing, leaving the bear- 
ing dry and exposed to rust; filling 
housings full enough to cover the balls 
at all times results in the above-men- 
tioned churning and heating. (5) Oil 
is more expensive than grease. 

From this it will be seen that, how- 
ever “ideal” proper oil lubrication 
might be, it is almost impossible to 
attain it within reasonable bounds of 
expense and under the average service 
conditions. 

With the object of simplifying the 
lubrication problem and obtaining a 
practical, satisfactory lubricant the 
Fafnir Bearing Co. have in the past 
few years devoted considerable time to 
lubrication experiments. As the result 
of these tests the general use of grease 
has been recommended at all speeds 
and temperatures and for all sizes of 
bearings; this does not mean that on 
some applications oil will not give as 
satisfactory service, but that grease on 
these applications will give equal if not 
better service with less trouble. 

This recommendation is based on the 
following points: (1) Grease of the 
proper consistency does not work out of 
the housing. (2) Enclosure design is 
simplified. (8) Grease applied with a 
modern type of gun is kept perfectly 
clean. (4) Grease does not need as 
frequent renewals. (5) Grease does 
not sink to the bottom of the closure 
when the bearing is idle. (6) Suitable 
greases are easy to obtain. (7) Inas- 
much as grease tends to fill the space 
between shaft and housing, it assists 
materially in keeping out dirt. (8) At 
high speeds the rise in bearing tem- 
perature is less than with oil. 

The essential properties of a suitable 
ball bearing grease are: (a) Consist- 
ency a little stiffer than vaseline; gen- 
erally No. 2 or 3 as graded by automo- 
bile grease manufacturers. This is im- 
portant, as a grease of this consistency 
is stiff enough not to churn at high 
speeds, yet soft enough not to dry. 
(b) No abrasive or body-giving matter, 
such as tale, graphite, or pumice. (c) 
Mineral base—not vegetable or animal 
grease. 

For normal speeds, 800 to 1,500 
r. p. m., grease renewal once a year is 
ample. Under any conditions the most 
frequent renewal is every three months. 
At time of renewal the housing should 
be filled up until some of the old grease 
works out, which can be wiped off. 
This is also a good time to note the 
quality of the grease last used and to 
see whether it has hardened. The 
tendency of grease to dry out is what 
really determines the frequency of 
lubrication. 

Greases that will meet the above men- 
tioned specifications have been giving 
many of our customers satisfactory 
service for years, and we believe they 
have greatly simplified bearing lu- 
brication. Users of ball bearings are in- 
vited to send samples of their greases to 
the Fafnir Bearing Co.’s laboratory for 
analysis and approval. This service is 
rendered for the good of the ball bear- 
ing industry and has no strings attached. 


Chief Engineer, H. R. REYNOLDS. 
The Fafnir Bearing Co., 
New Britain, Conn. 
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In the Repair Shop 


This section is devoted to repair work on electrical and mechanical equipment. 


Special attention is give 
methods of handling wor 


Care of Mica Segments 
in Commutators 


HE mica segments which insulate 
Tie commutator bars from each 
other occasionally need careful check- 
ing up, otherwise, poor commutation 
will result. 

In the construction of a commutator 
the copper strips or bars are held to- 
gether by a steel and iron cage, the 
bars being insulated from each other 
by mica strips. 

The expansion and contraction of the 
copper bars has a tendency to push 
out the mica strips above the surface of 
the commutator. Should the mica be 
pushed out only a very little, the com- 
mutation of the motor or generator will 
be seriously affected. 

In order to appreciate more fully the 
conditions under which a commutator 
functions, it is interesting to estimate 
just how frequently each brush makes 
and breaks contact with the commu- 
tator segments. This may be done by 
multiplying the revolutions per minute 
of the commutator by the total number 
of commutator segments. 

It can readily be seen that contacts 
may be made and broken many thou- 
sands of times a minute. With even 
slight sparking at each make and break 
it does not take long for the bars to 
become burned and pitted. Sometime 
when the machine is not running, it 
may be interesting to observe by the 
use of a magnifying glass just what 
happens to the commutator bars when 
the brushes make a poor contact. 

Again, from the forging it can also 
be seen that a commutator segment is 
in contact with a brush for a very 
small fraction of a second. 

Some brushes contain a very fine grit 
which helps to grind away the mica 
whenever it moves above the commu- 
tator surface. The employment of 
these brushes is not the best method of 
overcoming the troubles caused by the 
high mica strips, for grit mixed with 
the graphite, dust, and a very fine 
oil mist makes a very good glaze ma- 
terial. This glaze is a good insulator, 
the electrical resistance of which is the 
cause of most of the heating of the 
commutator. 

Undercutting, whereby the mica is cut 
away below the surface of the seg- 
ments, is commonly practiced as a cure 
for high mica, and is so well known 
that little need be said about it here. 
However, the mica is often undercut 
too deeply with the result that carbon 
dust and dirt collects between the cop- 
per segments and may cause shorts. 
Trouble of this sort may be prevented 


by filling the space above the mica with 
one of the special cements or varnishes 
which are sold for this purpose. A 
cement is generally preferable, because 
as the cement wears out of the under- 
cut space, the abrasive action keeps the 
commutator surface clean. 

Manager, WM. L. WEBER. 


Acme Abrasive Co., 
Chicago, III. 


Method of 
Measuring Annular Pieces with 
a Micrometer 


ROUBLE is often encountered in 
trying to measure accurately an 
annular piece of metal, because one of 
the jaws of the micrometer cannot make 


Using a ball or round rod in con- 
junction with a micrometer facili- 
tates the measuring of annular 
pieces. 


a flat contact at the cxact section being 
measured, due to the concave surface 
of the piece. This difficulty can be 
overcome by employing a ball or round 
rod, as a spacer between one jaw of the 
micrometer and the work, to make the 
necessary point contact. 

When using a micrometer to measure 
tubing, ground ball races, collars or 
annular pieces, either a 3-in. steel ball 
or a piece of 3-in. drill may be utilized 
to advantage, as shown in the illustra- 
tion. x 

If it is desired to determine the thick- 
ness of a ball race, place a ł-in. steel 
ball in the ball race and take a measure- 
ment which will include the diameter of 
the ball. The desired measurement is 
then determined by deducting ł-in. 
from the micrometer reading. 

In order to determine the thickness 
of tubing, springs and other materials 
when they are coiled, a ł-in. round rod 


n to shop or bench tools and short cuts or improved 
kof this character. Contributions are always welcome. 


can be used to advantage in a manner 
similar to that employed in the use of 
the ball, as described in the previous 
paragraph. G. A. LUERS. 
Washington, D. C. 
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Replacing Concentric 
Chain Winding on a Generator 
with Two-Layer Type 


N REPAIRING the winding of a 

70-kw., 60-cycle, three-phase, 24- 
pole, 440-volt, 92-amp., revolving field 
generator, it was found advisable to 
replace the old concentric-chain, hand 
winding with one that would be less 
expensive and have better operating 
qualities. 

The original winding shown at the 
left in the illustration, consisted of 72 
hand-wound coils of three turns of No. 
6 round d.c.c. wire in 144 slots, con- 
nected series-star, one coil per slot and 
one coil per group, arranged as a con- 
centric chain winding with the coil ends 
in two ranges. The pitch of the out- 
side coils was 1-and-8 and of the inside 
coils, l-and-6, or an average pitch of 
l-and-7. Full pitch equals 144 (slots) + 
24 (poles) = 6. Although this machine 
was rated at 92 amp. per terminal, it 
had been carrying a load of between 
110 and 120 amp. constantly, until the 


insulation failed, because of abnormal 


heating. 

When the stator was received in the 
shop for rewinding, we were requested 
to put in all the copper possible. An 
inspection of the slots showed that 
there was more insulation between the 
slot conductor and ground than is re- 
quired for 440 volts. This thick slot 
cell was used for mechanical reasons, 
because with this type of coil the wires 
are pushed through the slots one at a 
time until the required number of turns 
are in place. In the process of push- 
ing each turn through the slot, a cer- 
tain amount of insulation is peeled off, 
and if the cell is thin it will be punc- 
tured. There was also a -in. by 3-in. 
wood filler in the bottom of the slots. 

We decided to put in a two-layer, 
flat, diamond-shape, mush-coil winding, 
in place of the original concentric- 
chain, hand winding. Since a mush coil 
was required and more copper was also 
wanted, No. 6 wire could not be used, 
as it was too large to thread through 
the slot opening. One No. 6 wire has 
an area of 26,250 cire.mil and at 92 
amp. this equals 26,250 -- 92 = 285 
circ.mil per amp. Then in order to keep 
the same temperature rise at 120 amp. 
at least 120 x 285 = 34,200 cire.mil 
would be required. 
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The largest wire that would go 
through the slot opening easily was 
found to be No. 12, which has an area 
of 6,529 cire.mil. For the required 
circ.mil area, there would have to be 
34,200 + 6,529 = 5.24 wires in parallel. 
Five wires in parallel would equal 
5 X 6,529 = 32,645 cire.mil, which is 
1,555 circ.mil less than required. Six 
wires would give 6 x 6,529 = 39,174 
circ.mil, and there would be 6 x 3 = 18 
No. 12 wires per slot. This number of 
wires was tried in a slot with the re- 
quired slot insulation and found to fit 
satisfactorily. The next problem was 
the number of turns per coil, as there 
are three turns per coil for the one- 
coil-per-slot winding. In order to keep 
the voltage the same with the two- 
layer, two-coil-per-slot winding, 13 
Curns per coil would be required. One 
and one-half turns being impossible, it 
was decided to wind the coils with three 
turns of three No. 12 d.c.c. wires in 
parallel and connect the winding two- 
parallel star as this would be equiva- 
lent to three turns of six No. 12 d. c. c. 
wires. This winding should be good for 
39,174 285 = 137 amp. per terminal 
with the same temperature rise as the 
original winding, which is the equiva- 
lent of 49 per cent more copper. 

At the right in the illustration is 
shown a section of the new winding 
with a 0.023-in., combination fishpaper 
and treated cloth cell used for slot 
insulation. This cell projected 1 in. on 
either side of the core; a 0.008-in., tan, 
treated-cloth slider was used for the 
top and bottom halves of the coils and 
a 0.023-in. fishpaper “Willie” or separ- 
ator was used between the top and 
bottom coils in the same slot. Each 
coil end was taped from cell to cell as 
shown. One coil was taped with one 
half-lapped layer of 0.007-in., cotton 
tape, and every second coil was taped 
with one half-lapped layer of 0.008-in., 
tan, treated-cloth, bias cut, and one 
layer of cotton tape. This tape was ex- 
tended well into the slots and after 
the fiber wedge was in place, the slot 
cell was sealed by tapping as shown in 
the illustration, which also shows the 
heavy, oiled duck between the top and 
bottom coil ends. 

When all the coils were in and the 


ee eee 
This shows, left, a portion of the 
original concentric chain winding 


and, right, the two-layer, mush- 
coil winding that replaced it. 
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stator connected up, it was baked for 
8-hr., dipped while hot in a clear 
baking varnish and then baked at 215 
deg. F. for 36 hr. This new winding 
made an up-to-date machine that will 
stand 120 amp. and still have an over- 
load factor up to 150 amp. for 2 hr. 


at 50 deg. C. A. C. ROE. 
Wilkinsburg, Pa. 


Inexpensive Coil Pulling and 
Forming Device 


HE accompanying illustration 
shows the construction of à coil 
puller and former which I have found 
to be very useful. As will be noticed, 
it is made for the most part of wood, 
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le il of Coil Cla: 
folder Gees, tad ater 
may be used l 


This coil puller may be made of 
materials available around any 
repair shop, and can be adjusted 
to handle loops up to 24 in. in 
length. 


——— 


which is easily worked, and the metal 
parts are also simple. This device 
could, of course, be made entirely of 
metal, if desired, but the cost would 
hardly be justified. 

Most of the coils which the small or 
medium-sized repair shop is called 
upon to make can be handled satis- 
factorily by this device. It will pull 
loops up to 24 in. in length, if con- 
structed according to the dimensions 
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shown in the diagram. The knuckle 
holder arm can be adjusted to give 
kick up or down, as required. The loop 
is inserted by lowering the knuckle 
holder arm and pushing the loop 
lengthwise into the holders. 

Any coil can be duplicated by put- 
ting simple stops on the arms, to limit 
ne travel according to the size of the 
coil. x 
Although this device will not make 
coils so good as those produced by 
some of the coil formers on the mar- 
ket, it will produce better-shaped coils 
than those pulled in a vise, and will 


save time. ARTHUR G. WAGONER. 
Brooklyn, N. Y. 


Method of 
Removing Bar Winding from 
Stator of Motor 


ECENTLY we received a 450-hp., 
230 - volt, 900-r.pm., Ridgway 
squirrel-cage induction motor to be re- 
wound. The stator winding was bar- 
wound. four bars per slot, wave-con- 
uected and consisted of two windings, 
one on top of the other, connected in 
series. The stator had 144 slots of the 
semi-closed type and the coils had been 
installed by pushing them through from 
one end of the slot. 

After the end connections were re- 
moved and the top wedges taken out, 
we attempted to pull out several of the 
bars by hand, but found that they were 
stuck. This was due to the fact that 
the bars were taped with one layer of 
oiled linen tape and the rest of the 
insulation was applied in the form of 
a cell; the whole was then varnished. 
After several unsuccessful attempts, we 
finally pulled out one of the top bars. 
On attempting to remove one of the 
lower ones, we found them to be just as 
tight. We soon arrived at the conclu- 
sion that it would be a strenuous job to 
pull out all the bars by hand. 

This difficulty was overcome by using 
a block and fall to do the pulling. We 
placed the stator so that one side of it 
faced one of the columns of the build- 
ing. The block and fall were then tied 
to this column. A hand clamp was at- 
tached in turn to the end of each bar 
and to this clamp was tied a loop of 
stranded copper wire into which the 
block was hooked. We found that by 
this method one man could easily pull 


out the bars. MICHAEL REUTER. 
Brooklyn, N. Y. 
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Practical Books 


for your personal library 


Every man who aspires to larger responsibilities should build 
up a professional library containing carefully selected volumes 
on subjects related to his work. Copies of the books which are 
reviewed here muy be obtained from the publishers mentioned. 


Mathematics for Engineers—By Ray- 
mond W. Dull. Published by Mc- 
Graw-Hill Book Company, Inc., 370 
Seventh Avenue, New York, N. Y. 
Cloth; 54 x 8 inches; 780 pages; il- 
lustrated. Price $5. 

This book is a thorough, quick and 
convenient reference book as well as a 
complete text on mathematics. It has 
been prepared primarily for engineers 
who want a quick and convenient ref- 
erence, for engineers who have grown 
somewhat rusty in their mathematics, 
and for engineers who feel the need of a 
text for the study of mathematics. 
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Alternating Currents—By Carl Edward 
Magnusson, Professor of Electrical 
Engineering and Director, Engineer- 
ing Experiment Station, University 
of Washington. Published by Mc- 
Graw-Hill Book Company, Inc., 370 
Seventh Ave., New York, N. Y. Cloth; 
6 x 9 inches; 611 pages; 522 illustra- 
tions. Price $5. 


This book is a discussion of the fun- 
damental principles of alternating cur- 
rents, with illustrations of their appli- 
cation to industrial problems. It aims 
to give a clear concept of what actually 
takes place in alternating-current 
machinery, to explain the relations be- 
tween the factors involved, and to ex- 
press the physical facts in mathemati- 
cal terms so that the reader can use 
the equations rationally in the solution 
of every-day industrial problems. The 
book has been thoroughly revised in 
this, the third edition, in the light of 
the considerable progress that has been 
made during the past decade in the 
application of alternating currents to 
industrial requirements. 
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Standard Wiring—By H. C. Cushing, 
Jr. Published by H. C. Cushing, Jr., 
15 West Fiftieth Street, New York, 
N. Y. Leather; pocket size; 464 pp.; 
381 illustrations; 81 tables. Price 
$2.50. 

In the 1926 (32d Edition) of Cush- 
ing’s “Standard Wiring for Electric 
Light and Power” the author has en- 
deavored to set forth the essential re- 
quirements for safe and efficient wiring 
and construction for electric light, heat, 
and power. Every suggestion and 
recommendation is in accordance with 
the 1925 National Electrical Code and 
the latest engineering practice. There 
are many explanatory and helpful 
notes, illustrations, definitions, and 
tables for the guidance of the man who 
does the work. 

This handbook covers the subjects of 
inside wiring, outside wiring, genera- 
tors and motors, storage batteries, il- 


lumination, and special types of wiring 
such as in garages, theatres, moving 
picture houses, electric range, heater, 
and radio wiring. 

This well-known manual seems to be- 
come more useful and usable with each 
new edition. The arrangement of its 
material is such that all of the informa- 
tion required for any particular prob- 
lem in interior house wiring is found 
where one would expect to find it. Di- 
rections are concise, clear and practi- 
cal; references to authority are definite 
and there is little if any unnecessary 
text. 

The book is essentially a practical 
man’s handbook and should be a most 
useful companion for any wireman or 
electrician—one to advise when advice 
is wanted, and discreet enough not to 
bother at other times. 


* * * * 


American Machinists’ Handbook —By 
Fred. H. Colvin and Frank A. Stan- 
ley. Published by MeGraw-Hill Book 
Co., 370 Seventh Ave., New York, 
N. Y. 972 pp. Price $4. 

This is the fourth edition of a hand- 
book that has become the recognized 
standard reference book for machine 
shops. The book is a practical one in- 
tended for the man engaged in mechan- 
ical work of any kind, regardless of his 
position in the shop or drafting room. 

In preparing the fourth edition of 
this book the problem of keeping the 
book from becoming too bulky for con- 
venient use has been very difficult. 
Many new standards and practices have 
come into use since the last edition. 
However, as much of the new material 
replaces old tables, it has been possible 
to present much new matter without 
largely increasing the total number of 
pages. 

While the size of the handbook has 
not been materially increased and much 


of the old book remains, the entire text. 


has been very carefully revised and 
there is so much new material which 
was not formerlv available, that it is a 
new edition in every sense of the word. 
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English Applied in Technical Writing 
— By Clyde W. Park, Professor of 
English, College of Engineering and 
Commerce, University of Cincinnati. 
Published by F. S. Crofts & Co., New 
York, N. Y. Cloth; 53 x 8 inches; 
313 pages; illustrated. Price $2.25. 


While this book is intended primarily 
for the student of engineering, it is 
well worth the perusal of any engineer 
or technical man desiring to improve 
the quality of his technical English or 
the character of presentation of his 
reports and other writings. 
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_ Although the practical kinds of writ- 
ing are emphasized in this book, the 
subject of composition is not treated 
in terms of “Engineering English,” or 
any other sort of occupational dialect. 
On the contrary, English is considered 
to be English, regardless of the sub- 
ject matter with which it happens to 
deal. Most of the illustrations are 
drawn from familiar types of technical 
work, because the specific problems of 
everyday writing represent the great- 
est need for the use of English and the 
best opportunity for giving the student 
a working knowledge of the fundamen- 
tals of effective writing. 


+ * * ** 


Controllers for Electric Motors —By 
Henry Duvall James. Fellow Ameri- 
can Institute of Electrical Engineers. 
Published by D. Van Nostrand Co., 
New York, N. Y. 522 pages, 444 il- 
lustrations. Price $5. 


The present volume is the second 
edition of this book. The material in 
the first edition appeared as a series 
of articles in The Electric Journal dur- 
ing 1917 and 1918, and was issued in 
book form in 1919. Since then a part 
of this text has been rewritten, and 
considerable material added. 

The introduction of the book states 
in detail the function of control, giving 
all the requirements that constitute a 
good controller. The different types 
of controllers are then classified, and 
the advantages and limitations of each 
type are given. This is followed by a 
chapter giving the historical develop- 
ments of control, tracing the history 
from the earliest forms of manual con- 
trol to the present, highly-specialized 
forms that are in common use. A chap- 
ter is devoted to the installation re- 
quirements and the Code requirements 
for all forms of control. Two interest- 
ing chapters discuss the methods of 
reading controller diagrams, and tell 
how to make up diagrams illustrating 
the wiring of controllers. 

Four chapters discuss the ways of ac- 
celerating motors, the starting charac- 
teristics of motors with the different 
types of control, and methods of speed 
control and dynamic braking. 

Following this are chapters giving 
the details of construction and applica- - 
tion of the different forms of direct- 
current and alternating-current con- 
trollers. In this discussion is also 
included an entire chapter on the design 
and selection of resistors, which will 
be of great interest to operating men 
who now have trouble with the resis- 
tors under their care. 

The second half of the book is de- 
voted to controller applications, includ- 
ing mine hoists, pumps, machine tool 
applications, calendering, printing, and 
paper machines, steel mill applications, 
cranes, car dumpers, and coal and ore 
bridges. In addition to the foregoing, 
there are chapters relating to coke 
plant applications. elevators, oil wells, 
and all forms of electric locomotive 
applications. 

The book is well written and very 
easy to read, with no involved mathe- 
matical formulas. The time spent in 
reading it will be worth while. It 
should find a prominent place in everv 
operating man’s library. 
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New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant overation or reduce operating and maintenance costs. 


Joist Notcher 


LABOR-SAVING device, known as 

the “Jiffy” joist notcher is being 
marketed by Paul W. Koch & Co., 33 S. 
Wells St., Chicago, Ill. This device is 
a two-bladed saw adjustable for cut- 
ting slots in joists for either 4-in. or 
¥-in. conduit. This notcher makes both 
cuts in one operation, thereby saving 
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one-half the time generally consumed 
on this job. The tool is equipped with 
a depth gage which prevents exces- 
sively deep cuts being made in the 
joists and thus weakening them. The 
handles of the notcher are made of 
aluminum and are fitted with high- 
grade steel saws. The tool weighs less 
than 3 lb. The tool is said to be very 
easily operated, working on the prin- 
ciple of a plane. 
— 
Explosion-Proof Motor 
and Control 


N EXPLOSION-PROOF d.-c. motor 
and control, designed primarily for 
service in coal mines in which the pres- 
ence of large quantities of gas or coal 
dust makes the use of electrical equip- 
ment of special construetion essential to 
safe operation, has been developed by 
the Westinghouse Electric & Manu- 
facturing Co., East Pittsburgh Pa. 
Although designed particularly for 
small pumps, the motor which develops 
5 hp. at 1,150 r.p.m., can be used on 
numerous other applications. The 
motor is of the totally-inclosed type and 
the brackets are provided with covers 
which can be removed to facilitate in- 
spection and brush adjustments or re- 
placements. These covers are also 
arranged so that they may be sealed to 
the brackets in order to prevent removal 
by unauthorized persons. All connec- 
tions between the motor leads and the 
power supply are made inside of the 
motor frame. The conductor cable is 
brought out through a special brass 
stuffing box which is packed with 
asbestos twine, thus forming an explo- 
sion proof seal, it is stated. 
The controller is of the magnetic, 
. push-button type, inclosed in a strong, 
explosion-proof case which is made in 
two sections. The panel on which the 


contactor is mounted is fastened to the 
lower section; the upper section fits 
over this panel and is fastened to the 
base by means of a bronze clamping 
ring thus eliminating the use of bolts 
or screws. This 5-hp. motor and con- 
trol has been developed to meet the 
United States Bureau of Mines require- 
ments for electrical equipment designed 
for use in gaseous mines, and has suc- 
cessfully passed these tests, according 
to the manufacturer. 


Push-Button Magnet Controller 


ONTROL panel and push-button 

master switch for operating elec- 
tromagnets are announced by The 
Ohio Electric & Controller Co., 5900 
Maurice Ave., Cleveland, Ohio. This 
equipment is shown in the accompany: 
ing illustration. The master switch (at 
the left) has lift“ and “drop” levers 
with a barrier between which projects 
farther than the levers, to prevent acci- 
dental operation. This master can be 
attached to the ceiling, to the side wall, 
to the top of the hoist controller, or to 
the throttle of a locomotive crane and 
operated with the thumb or finger, or 
placed on the floor and foot operated. 

The operation, as described by the 
manufacturer, is as follows: The con- 
troller closes the magnet circuit for 
“lift” and when the master is thrown to 
“off” the magnet circuit is open for 
“drop” but permanently connected 
across the magnet terminal is an iron- 
clad, protective resistance which, it is 
said, converts the inductive kick into 
heat through a resistance. For a quick 
drop or for handling high-carbon mate- 
rials, the master handle is pushed 
through or the bottom lever of the 
“push-the-button” master is pressed and 
a limited reverse current is applied to the 
magnet, which causes the magnetism to 
drop to zero and the load to drop 
promptly. 

The resistance element consists of 
five strips of armored Chromalox. The 
control panel is fused to protect against 
grounds or short-circuits. 
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Pinion Puller : 


ee pinion puller shown in the ac- 
companying illustration, which is 
for use in electrical and industrial 
mechanical and repair departments and 
railway shops, has been placed on the 
market by the Duff Mfg. Co., Pitts- 
burgh, Pa. 

The puller consists essentially of 
clamping jaws and a screw jack. The 
jaws are of a thin-lipped design and 
are intended to fit over the pinion. The 
screw-jack section slides into the jaw 
section. When the jaws are attached, 
the operator turns up the screw until it 
makes contact with the shaft of the 
motor. A few strokes of the lever are 
claimed to bring the device into full 
tension and further operation removes 
the pinion. 

Three sizes of jaws are available for 
various sizes of pinions, pulleys, or 
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small fiywheels. The housing and the 
jaws are made from case hardened 
steel, and ball bearings are used 
throughout. According to the manufac- 
turer a uniform force is exerted around 
the circumference of the pinion. The 
overall weight of this particular pinion 
puller is 50 Ib. 


Direct-Current Relays 


NNOUNCEMENT is made of a new 

line of d.c. relays, known as the 
type SR, by the Roller-Smith Co., 233 
Broadway, New York, N. Y., which will 
supersede its old relays known as the 
Imperial type. , 

In these new relays, according to the 
manufacturer, the scales are longer, the 
accuracy is greater, the torque has been 
increased several times, and the new 
7%-in., round- pattern style of case has 
been adopted to match the company’s 
type SA and type SD lines of indicat- 
ing instruments. 

In these relays regular instrument 
mechanisms are used for operating the 
self-contained, circuit-opening or closing 
switch. The instrument mechanism has 
a platinum spring contact attached to 
its pointer, which contact co-operates 
with a similar one carried by an ex- 
ternally-adjustable, pilot needle. The 
pilot needle is set by means of a 
slotted-head button projecting from the 
front of the relay case. The circuit 
established on the engagement of the 
contacts, energizes an electromagnet 
which is mounted below on the same 
base with the instrument; the switch 
operated by the electromagnet then 
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effects whatever external circuit 
change the relay is designed for. 
These various forms of relays, while 
they can be used for many special appli- 
cations, are designed primarily for use 
with the company’s undervoltage and 
shunt-trip types of circuit breakers. 
The relays are available in the follow- 
ing forms: Reverse current, overload, 
underload, closed circuit underload, 
overvoltage and undervoltage. The 
company states that it is also prepared 
to furnish any special relays desired 


—— — 


Portable Voltmeter and Ammeter 


NEW combination ammeter and 

voltmeter, which is known as the 
Martindale Universal Portable Am- 
meter and Voltmeter, has been put on 
the market by The Martindale Electric 
Co., Cleveland, Ohio. 

This set consists of a separate volt- 
meter and ammeter mounted together 
in the same case, in which space is also 
provided for five ammeter shunts, rated 
at 5, 10, 50, 100 and 300 amp., respec- 
tively. The voltmeter has an internal 
resistance of such value that full scale 
may be 75, 150, 300, or 600 volts, de- 
pending upon which binding posts are 
used. 

The meters can be used on either 
direct current or alternating current. 
This instrument is so constructed that 
either meter may be removed from the 
case and used separately when desired. 


— — 


Universal Trouble Shooter 


ARKETING of the trouble 

shooter, which is shown in the 
accompanying illustration, for use in 
locating grounds, open and _ short-cir- 
cuits and other electrical troubles, has 
been announced by the Universal Test 
Equipment Co., 2929 N. Oakley Ave., 
Chicago, III. 

This device consists of a pair of test- 
ing handles made of Thermoplex, 
which is claimed to be heat- and shock- 
proof, lead wires, and à special 
separable socket and plug. The handles 
have removed caps so that different 
sizes and lengths of lead wires can be 
inserted. Two 5-ft. leads, which are 
held together with four pure gum 
sleeves that can be adjusted to suit the 
range desired, are furnished. Pointed 
steel rods are used to make contact. 
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This plug, it is stated, fits any stand- 
ard a.c. or d.c. lamp socket and the 
separable socket is standard for hold- 
ing any size of test lamp. Ordinarily 
the test lamp is in series with the test 
handles so that the lamp lights when 
the circuit is completed, but a spring 
contact is furnished which makes it 
possible to place the lamp in parallel 
for use in testing live circuits. 


Automatic Acceleration and 
Braking for A. C. Motors 


NEW device for automatically con- 

trolling the acceleration ana 
braking of a.c. motor-driven equipment 
has been developed and placed on the 
market by The Cutler-Hammer Mfg. 
Co., Milwaukee, Wis. This device, 
which is shown in the accompanying 
illustration is called the Carpenter Auto- 
matic Control Station and has been ap- 
plied extensively to printing equipment, 
although its field of application extends 


to numerous other types of motor- 
driven machinery on which it is desir- 
able to control the speed of accelera- 
tion. and produce a braking effect. 

The station is used in connection with 
the standard types of automatic push- 
button-operated, magnetic controllers 
which are employed with slip-ring 
motors, although it can also be used 
with controllers for  squirrel-cage 
motors. The operation, according to 
the manufacturer is as follows: When 
the “run” button is depressed, the device 
functions to keep the external resist- 
ance in circuit (thereby limiting the 
current inrush) until the motor has 
attained 40 per cent of normal running 
speed, at which time it automaticaliy 
opens the torque switch, shunting out 
the external resistance, and closes the 
run switch for normal operation of the 
motor. 

When the “stop” button is depressed 
the device functions to open the line 
switch, which opens the run switch 
through an interlock. At the same time 
it closes a reverse line magnetic switch 
with the external resistance in circuit, 
thus creating a field in direct opposi- 
tion of rotation and exerting a braking 
effect equal to the rated torque of the 
motor. Just before the motor comes to 
dead rest the reverse switch circuit is 
opened, thus compensating for the 
switch leg. The motor is stopped with- 
out any possibility of reversing or 
coasting. 
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Essentially, the Carpenter Automatie 
Station consists of an oil pump which 
operates a contact-making device. The 
pump is belt-connected to the driven 
machine, and when the speed of latter 
reaches 40 per cent of normal running 
speed, the pressure generated by the 
pump, it is stated, serves to operate a 
contactor which opens the torque 
switch and closes the run switch and so 
automatically prevents the motor from 
being switched directly on the line until 
it has attained 40 per cent of normal 
running speed. 

When stopping the motor, depressing 
the “stop” button instantly closes the 
reverse torque switch, it is stated, and 
when the pump pressure decreases to 
an adjustable value, the reverse torque 
switch is opened, so that the motor 
comes to rest quickly. The range of 
machine speeds for which the pump is 
regularly furnished is 60 to 300 r.p.m., 
although it can be adapted for speeds 
up to 1,800 r.p.m. or even higher. The 
manufacturer also states that the Car- 
penter Automatic Control Station can 
be used to perform other functions in 
connection with auxiliary attachments, 
such as operating gas valves, with un- 
loading devices on air compressors, and 
with various other equipment where 
special control is needed. 


New Electric Hoists 


DDITION of six new members to its 
line of Lo-Hed electric hoists is 
announced by the American Engineer- 
ing Co., Fhiladelphia, Pa. These new 
hoists range in capacity from 3 to 12 
tons and are made for bolt suspension, 
hand-geared trolley, motor trolley, and 
cab control; either open or closed cabs 
are available. Remote control can be 
arranged when desired. 

These hoists, one of which is shown in 
an accompanying illustration, are de- 
signated as Class J and embody the 
same principles of design, according to 
the manufacturer, that characterize 
other models of Lo-Hed hoists, with 
such additional features as are made 
necessary by the higher speeds at which 
they operate and the heavier loads they 
are designed to handle. Rated capaci- 
ties are 3, 5. 6, 8, 10 and 12 tons, so 
that the Lo-Hed line now includes hoists 
from 4 ton to 12 tons capacity which 
range will take care of a very large 
number of installations. 

The hoist operates, it is stated, on 
standard I-beams, through switches and 
around curves. Hyatt roller bearings 
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are used on the trolley wheels and ball 
thrust bearings between the wheels 
and the trolley frames. The trolley 
trucks are swiveled for curves of short 
radius. 

The ball-bearing hoisting motor is to- 
tally enclosed and drives the drum by 
spur gears running in oil. Hyatt bear- 
ings are provided on the ends of the 
shafts. The working parts are accessible 
for inspection and care by simply remov- 
ing the cover of the hoists, the manu- 
facturer states; also, the motor and pin- 
ion can be removed as a unit without 
taking off the gear cover or draining 
the oil from the gears. Safety features, 
it is stated, include a factor of safety 
of five in the design of the hoist; upper 
limit stop; and a powerful, quick-acting 
brake that is automatically applied the 
moment the current is turned off, either 
accidentally or intentionally, and stops 
all movement of the load without drift. 


Cupola Charger on Electric Truck 


HE accompanying illustration shows 

a crane type of electric truck de- 
signed by the Baker-Rauling Co., Cleve- 
land, Ohio, for cupola charging. This 


machine operates in connection with 
Chisholm & Moore 1-ton charging buck- 
ets and makes use of the Morgan pat- 
ented bucket yoke. x 

The truck, it is stated, is assembled 
principally of standard Baker parts; 
that is, the axles, controller, automatic 
switch, hoist, hoist controller, limit 
switch, and so on, are inter-standard- 


ized with all other models of Baker 


trucks and tractors. The motors re- 
ceive power from a 48-volt storage bat- 
tery contained in the large steel box 
near the driver’s end of the truck. 

The Morgan charging bucket is circu- 
lar in shape with a conical bottom. In 
operation, the bucket is loaded and 
picked up by means of an eye fastened 
to the center of the bottom. When the 
bucket is raised the four dogs on the 
yoke engage with the angle-iron ring 
around the top. To discharge the 
bucket, it is necessary only to reverse 
the power on the hoist. This lowers the 
bottom while the shell is held up by the 
yoke. Because of the conical shape of 
the bottom the charge is spread evenly 
around the cupola. To place the bucket 
back on the floor the bottom is raised 
until it engages the shell and raises the 
ring clear of the dogs. The dogs are 
then held clear of the ring by means of 
the chain leading back to the operator’s 
position while the bucket is being low- 
ered. 

The upward travel of the hoist 
is limited by an automatic safety switch 
which cuts off the power when the 
bucket has been raised so that the ring 
is 1 in. above the dogs. 

The boom is strengthened with a steel 
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plate on the side toward the fire. This 
keeps the heat away from the cable and 
the hoist sheaves. 


Electric Tool Grinder 


ODEL 75 electric tool grinder, 

which is shown in the accompany- 
ing illustration, is designed for use on 
electric light sockets with 110- or 220- 
volt a.c. current. The manufacturers, 
Forbes & Myers, 172 Union St., Worces- 
ter, Mass., state that the 4-hp. fully 
enclosed motor has no brushes, com- 
mutator, centrifugal device, or clutch, 
and believe that this grinder will be as 
free from troubles as three-phase 
motors for power circuits. The grinder 
motor is of the flat-front type intro- 
duced by this company four years ago. 
The construction is also shown herewith. 
It is stated that the flat is but 1§ in. 
from the center of the shaft, which will 
permit a 6-in. wheel to project well in 
front of the motor. 

The construction and operation, as 
described by the manufacturers, is as 
follows: The rotor, the only moving 
part, is of the simple, squirrel-cage in- 
duction type used on three-phase motors 
and consists of an iron core on a steel 
shaft. Slots through the core are filled 
with aluminum bars. The bars at each 
end are welded together by the acety- 
lene torch into solid aluminum rings. 

The stator is of the laminated type 
with slots for the winding, but it differs 
from the usual construction in that 
there are no wires at the front. 
main coil, of heavy wire, extending 
from top to bottom, receives its current 
directly from the line. An auxiliary 
winding of more turns of fine wire, ex- 
tending but half the distance, receives 
its current from a condenser mounted 


at the rear of the motor. Both wind- 


ings are in use continuously and, it is 
stated, both deliver their share of the 
power. 

bearings. 


The shaft is mounted on ball 


The . 
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Self-Lubricating, Non-Metallic 
Gear Material 


NNOUNCEMENT has been made 
by the Fibroc Insulation Co., Val- 
paraiso, Ind., that a new self-lubricat- 
ing Bakelite gear material known as 
Fibroc GR is now being marketed. 
This is a Bakelite product which is 
impregnated with graphite. The man- 
ufacturer states that for this reason 
gear teeth made from this material 
are self-lubricated, and estimates an 
increase of gear life of 35 per cent. 
Fibroc GR can, it is stated, be cut and 
formed into gears the same as other 
Bakelite materials and has the same 
quality of noiseless operation that is 
characteristic of non-metallic gears. 
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Fire-Detecting System 


FIRE-DETECTING system using 

a special automatic continuous 
thermostatic wire has been placed on 
the market by the Garrison Fire De- 
tecting System, Inc., 79 Madison Ave- 
nue, New York City. The wire, as 
shown in the accompanying illustration, 
is of the concentric type. The inner 
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wire consists of a fusible alloy pro- 
tected by a steel tube having a lateral 
slot. When the temperature of the 
wire is raised the alloy melts, expands, 
and spurts through the slot in the steel 
tube, permeating the insulating threads 
between the conductors and contacts 
with the brass sleeve or outer con- 
ductor, thus closing a circuit, and giv- 
ing an alarm. 

To insure that the system is in per- 
fect working order at all times, a mi- 
nute current is continuously circulated 
through the fusible alloy and the brass 
sleeve. Interruption of this current 
causes a relay to function giving an 
alarm. 

It is claimed that this fire detecting 
system is adaptable to meet every re- 
quirement from the small dwelling to 
the largest industrial plant. It is not 
dependent on any outside source of 
power as it utilizes a double set of 
storage batteries for its operation, 
which batteries are also under super- 
vision. All the component parts of the 
system are made by well-known manu- 
facturers. For instance, the special 
fire-detecting wire is made by the Oko- 
nite Company, the batteries by the 
Electric Storage Battery Company, the 
relays by the Western Electric Com- 
pany, the panels by the Bakelite Cor- 
poration; the gongs, transmitters and 
contactors are made by the Samson 
Electric Company, and the meters by 
the Weston Electrical Intrument Cor- 
poration. The Garrison fire-detecting 
system has been approved by the lab- 
oratories of the National Board of Fire 
Underwriters and Associated Factory 
Mutuals, a A 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns, 


Rheostats—A new bulletin, 1140, 
describes and illustrates the Jagabi 
Rheostat.—James G. Biddle, 1211 Arch 
St., Philadelphia, Pa. 


Blower Systems—Many types of col- 
lecting, ventilating, and conveying 
blower systems are described and illus- 
trated in a new catalog.—The Kirk & 
Blum Mfg. Co., Cincinnati, Ohio. 


Cartridge Type Heaters — Circular 
GEA-104 illustrates applications of the 
G-E cartridge type heating unit and 
lists dimensions and ratings.—General 
Electric Co., Schenectady, N. Y. 


Resistors—Bulletin 104 gives the 
sizes, ratings and list prices of the 
standard banks of Monitor Edgewound 
resistors.—The Clark Controller Co., 
1146 E. 152nd St., Cleveland, Ohio. 


Motors and Fans—‘The Emerson 
Monthly” discusses various applications 
of Emerson motors and fans for indus- 
trial and other purposes.—The Emerson 
Electric Mfg. Co., 2012-32 Washington 
Ave., St. Louis, Mo. 


Carbon Brushes — Many different 
types of carbon brushes are illustrated 
and described in catalogue 16, which 
also gives price lists and useful data 
relating to the physical properties of 
carbon brushes.—The Ohio Carbon Co., 
Cleveland, Ohio. 


Portable Electric Machinery—A 16- 
page booklet entitled, “Taking the Tool 
to the Work,” is devoted entirely to 
illustrations of miscellaneous applica- 
tions of Haskins flexible shafting equip- 
ment in a variety of industries.—R. G. 
Haskins Co., 3450 W. Lake St., Chi- 
cago, III. 


Variable-Speed Transmission—Pam- 
phlet T-4045 describes and illustrates a 
complete, self-contained, compact trans- 
mission unit which includes an electric 
motor. Any speed between fastest and 
slowest, over a range as high as 16: 1 
ratio can be obtained. Reeves Pulley 
Co., Columbus, Ind. 


Portable Pipe Threading Machines 
A 12-page catalog illustrates the vari- 
ous features of construction and opera- 
tion of the new Red-E Hall portable 
pipe threading machine with a capacity 
of ł- to 2-in. pipe and with a universal- 
shaft drive for hand stocks up to and 
including 12 in. — Hall-Will, Ine., 
Erie, Pa. 


Speed Reducers — Bulletin 251 de- 
scribes the B, T and V types which are 
adapted for speed reductions up to 
3,000: 1 and above. Bulletin 261 illus- 
trates and describes the principle 
features embodied in the construction 
of the H. & S. worm gear speed reduc- 
ers. Bulletin 263 deseribes the Type 
WV speed reducer used for vertical 


drives—The Horsburgh & Scott Co., 
Cleveland, Ohio. 


Roller Bearings — Bulletin 1560 con- 
tains descriptions and illustrations of 
bearing applications on general types 
of industrial equipment. — Hyatt Roller 
Bearing Co., Newark, N. J. 


Lubrication of Electric Cranes and 
Hoists.—A very interesting bulletin de- 
scribes and illustrates by phanton views 
how Shepard electric cranes and hoists 
are lubricated.—Shepard Electric Crane 
& Hoist Co., Montour Falls, N. Y. 


Watt-Hour Meter—A well-illustrated 
circular, C-1753, points out the advan- 
tages inherent in the design of the 
new Westinghouse watt-hour meters.— 
Westinghouse Elec. & Mfg. Co., Pitts- 
burgh, Pa. 


Helical Gears—A leaflet illustrates 
and describes how helical gears are ap- 
plied for low ratios of speed transfor- 
mation in connection with standard 
electric motors.—De Laval Steam Tur- 
bine Co., Trenton, N. J. 


Welding and Cutting—The line of 
welding and cutting apparatus is well 
illustrated and described in catalog No. 
6. A complete price list of the equip- 
ment described in this catalog, is given 
in a separate circular. — Purox Co., 
Denver, Colo. 


Machinery—A leaflet has recently 
been prepared which gives a full list 
of Farrel products. A pocket-size 
catalog which has also been released, 
illustrates many different types of 
Farrel machines.—Farrel Foundry & 
Machine Co., Ansonia, Conn. 


Worm Reduction Gear—aA leaflet en- 
titled “De Laval Worm Reduction Gear 
with Pressure Oiling System” shows 
numerous applications of reduction 
gears, and also describes and illustrates 
the type of reduction gear that has a 
pressure oiling system.—De Laval 
Steam Turbine Co., Trenton, N. J. 


Right - Angle Drive—A 36- page, 
pocket-size catalog lists and prices the 
various worm, bevel, miter, and spiral 
gears for obtaining right-angle drives, 
which are standardized and stocked by 
this company for immediate delivery. 
—Boston Gear Works Sales Co., Nor- 
folk Downs, Mass. 


Meters—Bulletin 110 describes new 
Type HTD ammeters, voltmeters and 
volt-ammeters. The HTA instruments, 
described in Bulletin 150, include 
alternating-current ammeters, volt- 
meters and single-phase wattmeters. 
Bulletin 550 describes and illustrates 
a new line of Type SR relays. On page 
3 of Bulletin 810 is described the new 
Types TW and FW ammeters.—Roller- 
Smith Co., 233 Broadway, New York, 
N. Y. 
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Electric Tools—Catalog 23 describes, 
and illustrates, a large variety of elec- 
tric drills, grinders and buffers.—The 
598 S. Electrical Tool Co., Cincinnati, 
Ohio. 


Chain Drive — Catalog 812 illus- 
trates various applications of silent 
chain drives for machine tools.— Link- 
Belt Co., 910 So. Michigan Ave., Chi- 
cago, III. 


Acetylene Welding—A monthly house 
organ entitled, Smith-O-Grams,“ con- 
tains interesting information on acety- 
lene welding and cutting.—Smith Weld- 
ing Equipment Corp., Minneapolis, 
Minn. 

High-Speed Fans—Bulletin 7003 illus- 
trates the construction, shows charac- 
teristic operating and efficiency curves, 
and gives capacity tables of the Ameri- 
can class 15M, high-speed, double-inlet 
e Blower Co., Detroit, 
Mich. 


Distribution Transformer — Leaflet 
L 20288 describes a very rugged type 
of distribution transformer recently de- 
veloped for use on electrically-operated 
shovels, where vibration is excessive 
and transformers are subjected to in- 
clination. — Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, Pa. 


Silent Chain—A 76-page catalog illus- 
trates a number of applications of 
Whitney silent type chains for power 
transmission, discusses the advantages 
claimed, describes the construction and 
installation, and contains a number of 
pages of engineering data to facilitate 
the selection.— The Whitney Mfg. Co., 
Hartford, Conn. 


Conduit Fittings—Bulletin 2087 de- 
scribes type OCB Condulet branch 
extensions. Bulletin 2091 pertains to 
vaporproof, safety switch condulets. 
Folder 38 describes safety plugs, recep- 
tacles, switches and hand lamps. Folder 
42 illustrates various uses for vapor- 
proof condulets. — Crouse-Hinds Co., 
Syracuse, N. Y. 


Variable-Speed Transmission — A 
folder describes the JFS variable speed 
transmission which is a totally-enclosed 
mechanical roller bearing through which 
a variable ratio of speed is obtained 
between the elements of the bearing by 
shifting the contact points of the races 
upon which the conical rollers operate. 
—Columbia Vari-Speed Co., 4020 W. 
Lake St., Chicago, III. 


Optical Pyrometer — Bulletin 293 
shows the construction and discusses 
the operation of the HK (Holborn- 
Kurlbaum) optical pyrometer. The 
applications, method of making deter- 
minations and corrections for various 
operations in different industries are 
given in tabular form.—Bacharach In- 
dustrial Instrument Co., 7000 Bennett 
St., Fittsburgh, Pa. 


Variable-Speed Gear — Bulletin No. 
108 describes the Universal Hydraulic 
Variable Speed Gear manufactured by 
this company, which is designed to be 
used for transmitting rotary power at 
variable speed in either direction from 
zero up to the maximum designed speed. 
This gear is made in five sizes, with 
working capacities of 15, 30, 50, 100 
and 200 hp.—The Waterbury Tool Co., 
Waterbury, Conn. 
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This high - speed 
paper machine is 
equipped with a 
train of alternate 
non-metallic and 
cast-iron gears. 
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Number 12 


Each non-metallic 
gear is 6 ft. in 
diameter and the 
teeth are made in 
sections mounted 
on a metal spider 


Using Non-Metallic Gear Drives 


TO PREVENT NOISE 


by eliminating the metal-to-metal tooth contacts and also 


TO REDUCE GEAR WEAR 


EAR drives, particularly after 
(5% become worn or when 

they are improperly installed, 
often become noisy. Gear noises 
are particularly objectionable in that 
they are usually of a high pitch, 
which is very disagreeable when 
near offices or around women em- 
ployees. Nervous or high-strung em- 
ployees are affected by the high pitch 
and the resultant tension has been 
held as a contributary cause of many 
accidents. As gears wear they be- 
come noisy and wear more rapidly, 
which further increases the noise. 
This also decreases the effectiveness 


By FRANK E. GOODING 
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of the gear. With excessive wear 
comes increased vibration which cre- 
ates undesirable operation. 

While there is a natural wear on 
all metallic surfaces rubbing on each 
other, such as gear teeth, excessive 
wear and noise frequently are due 
to misalignment or improperly fitted 
gears. If the trouble is due to mis- 
alignment, the teeth will show 
uneven wear; that is, one end 
of the tooth will be worn more 
than the other. As a result part 


of the tooth is doing all the work 
and receiving all the wear, which 
under normal conditions should be 
distributed evenly over the length of 
the tooth. In such a case it is but 
natural that the wear will be very 
rapid, and trouble and noise begin. 

If the teeth mesh too tightly into 
each other, the driving tooth rubs 
not only on the driven tooth but also 
on the next tooth. This action 
destroys the tooth contour and re- 
quires an excessive amount of power 
until the teeth are worn down 80 
they no longer rub on both sides. 
Worn teeth always permit backlash, 
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which results in noisy and irregular 
operation. 

Where teeth do not mesh into each 
other far enough the load is carried 
on the ends of the teeth instead of on 
the pitch circle. This also results in 
uneven wear, with noise almost from 
the first when metallic gears are 
used, and considerable vibration 
which is undesirable from an operat- 
ing standpoint. 

When operating men find a metal- 
lic gear drive which wears exces- 
sively or becomes noisy rapidly, they 
should make a careful investigation 
of the alignment of the shaft and 
the meshing of the teeth. Correct- 
ing improper operating conditions 
will prevent a large proportion of the 
unusual wear of gear teeth and de- 
crease the resultant noise of opera- 
tion. These conditions should be 
remedied before non-metallic gears 
are installed or excessive wear will 
result, although perhaps not as 
quickly as before, even though the 
noise is not so obvious. 

In studying the wear of gears, it 
has been found that less wear occurs 
if the meshing gears are not of the 
same hardness, which usually means 
that they should be of different ma- 
terial. This does not always mean 
that the pinion should be of a softer 
material, as hardened, alloy-steel 
pinions are used with a great deal 
of success in many industries where 
they are subjected to excessive wear. 
For silent gears, however, a non- 
metallic material softer than cast 
iron or steel (the materials from 
which gears are commonly made) is 
usually used. These non-metallic 
gears and gear materials will be dis- 
cussed at length in this article. 

It has been found that it is neces- 
sary to change the material in only 
one gear. As the pinion is the 
smaller, it is usually made of one of 
the substitute materials, all of which 
are more expensive than cast iron or 


Some of the types of standard con- 
struction which have been recom- 
mended and generally adopted for 
non-metallic gear and pinion con- 
struction. 
These sketches were prepared by the 
Westinghouse Electric & Mfg. Co., in 
connection with their Micarta gear 
material. The suggestions, however, 
are practically standard for all non- 
metallic Bakelite materials where the 
gear blank is cut from the board. A— 
i construction for riveted gear 
. B—Standard construction of 
pinion 1 endplate to give added 
ub strengt C—Non-metallic bevel 
gear. R bevel gear with 
endplates to support keyway E— 
Examples of standard construction for 
small ine F- Method of construct- 
ing large gears with metal hub and 
center and non-metallic material bolted 
to a flanged rim. G—Non-metallic 
worm gears with and without end- 
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This non-metallic pinion on a 
100-hp. motor drives a high-pres- 
sure pump. 


steel. Of the non-metallic gear ma- 
terials rawhide has been used the 
longest for industrial power trans- 
mission. Within the past few years 
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a Bakelite-fabric product manufac- 
tured under various trade names, 
and a treated fabric product, both of 
which will be described later, have 
been used extensively. 

In the manufacture of rawhide for 
gears steer and bull hides as well as 
the hide of the water buffalo of the 
Orient are used. Cow and calf hides 
are not suitable. These hides are 
dehaired and cleaned, then stretched 
and dried until they are hard and 
bonelike. The dried sides, as they 
are called, are somewhat thinner 
than the green hide and in drying 
are not “plumped” or thickened in 
the process by using a filler, as is 
possible when tanning a hide. Gear 
blanks which would be made from 
thickened hide do not contain as 
many layers per inch of width; con- 
sequently the life and strain-resist- 
ing qualities are considerably re- 
duced. Rawhide can be made no 
stronger than the original fiber of 
the green hide. This strength is re- 
tained by proper curing. After the 
hides have been cured, they are cut 
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into disks which are assembled in 
layers and cemented together to form 
blanks. The rough blanks are placed 
in a drying room which is kept at a 
fixed temperature. This drying 
process continues from two to three 
months, depending upon the size and 
thickness of the blank. 

Before cutting the teeth in the 
gear blank, a metallic endplate, com- 
monly of brass, is bolted or riveted 
through the blank. This endplate 
serves two purposes: First, it holds 
the ends of the teeth in shape and 
also provides a more substantial 
material for cutting the keyway in 
the pinion. For very quiet opera- 
tion, it is desirable that this end- 
plate be outside of the mesh of the 
gear and its pinion; that is, that no 
driving be done by the metallic por- 
tion. 

Rawhide pinions will serve almost 
any class of machinery where a posi- 
tive, quiet drive is an essential fac- 
tor. They must be correctly aligned 
and properly made if satisfactory 
operation and long life are to be ex- 
pected. However, their noiseless 
feature does not terminate even 
when they are badly worn. Also, 
their elasticity reduces vibration and 
prolongs the life of the mated metal 
gear. These qualities are common 
to all non-metallic gearing. 

The manufacturers do not ordi- 
narily recommend the use of raw- 
hide pinions on machinery where 
they are applied directly to the 
transmission of severe reciprocating 
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Construction of a rawhide bevel 
gear. 

Rawhide gears are made up of layers 
of dried and seasoned hide, held to- 
gether by endplates which are com- 
monly made of brass. 


or intermittent motion, or in con- 
nection with cast gears. Cast gears 
are irregular and the rough gear 
teeth will wear the pinion excessively. 


Each of these motor pinions is made 
of impregnated cotton fiber. com- 
pressed and bolted together between 
endplates under high pressure. 


Where very quiet operation is desired. 
the endplates do not touch the metal 
gear; this makes the pinion wider than 
the gear. For ordinary operation the 
pinion and gear are of the same width. 
The illustration at the left shows a 
pinion drive to a double rubber sheet- 
ing mill. The pinion drive at the right 
2 a napping machine in a textile 
mi 
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Reversing under load or reciprocat- 
ing and intermittent loads, require 
that extra large allowances be made 
in the gear teeth to take care of this 
extra load, because such loads cause 
a continual bending action which is 
not desirable for rawhide. 

The rawhide pinion will stand con- 
siderable variation of temperature 
from extreme hot and dry to moist. 
Cold has no effect on rawhide, but it 
is not advisable to use rawhide pin- 
ions or any other non-metallic gear 
in an installation where the tempera- 
ture is over about 200 deg. F. Also, 
rawhide pinions are not recom- 
mended for use where they will be 
continuously subjected to water or 
to a bath of oil. Rawhide pinions 
will stand occasional water and the 
amount of oil usually encountered on 
motor-driven machines, but if they 
are allowed to stand in water or oil 
the teeth will warp and lose their 
shape. When storing rawhide gears 
they must be protected from heat 
and moisture. 

In rating the capacity it is esti- 
mated that a rawhide pinion will 
carry from 75 per cent to an equal 
load and the same strain as a cast- 
iron pinion of the same size and 
pitch of tooth. The non-metallic 
pinion does not have the breaking 
strength of steel, and often where 
the load is irregular and gears are 
subjected to vibration, the rawhide 
pinion will stand up better than the 
metal pinion because of its elasticity 
and the resulting ability to give un- 


a . 
1 ek 
— PE ea 
ie 


er 
p = 
x 


552 


der an abnormal or unusual stress. 

Manufacturers do not recommend 
the construction of a pinion with a 
hub and setscrew attached to one 
side of the flange or endplate be- 
cause this throws an uneven strain 
on the rivets or studs holding the 
pinion together. Helical or herring- 
bone rawhide pinions are not recom- 
mended for heavy service. They op- 
erate satisfactorily, however, on 
light, high-speed duty at a recom- 
mended angularity of from 15 to 20 
deg., which gives continuous tooth 
action and avoids vibration. A pin- 
ion should not be made so small that 
there is not room for inserting the 
rivets to hold the layers of rawhide 
together. Steel or cast-iron end- 
plates may be used on rawhide pin- 
ions, although this involves an extra 
cost over the brass endplates which 
are cut through to conform to shape 
of the teeth. Rawhide gears of 
extra large diameter are usually 
made by building up a rawhide face 
on a cast-iron spider. This decreases 
the amount of rawhide required and 
so makes them less expensive. 

During recent years, considerable 
attention has been given to the use 
of chemically-prepared, non-metallic 
gear materials which consist gen- 
erally of layers of fabric impreg- 
nated with and incorporated in, un- 
der heat and pressure, a body of 
Bakelite phenol resinoid. These ma- 
terials are prepared by several com- 
panies under license of the Bakelite 
patents and are distributed under 
different, well-known trade names, 
such as Celoron, Contex, Fibroc, For- 
mica, Micarta, Textolite, and others. 
Although all of these are made un- 
der the same basic patent which 
covers the method of impregnation, 
the fabric used and the method of 
handling and assembling differ to 
some extent among the different man- 
ufacturers. In every case Bakelite 
resinoid is the essential ingredient 
of the laminated material. 

In the manufacture of these lam- 
inated, non-metallic materials, the 
initial resinoid is first dissolved in a 
suitable solvent to form a varnish. 
This varnish is used to impregnate 
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This 10-hp. motor drives a boring 
mill through a Bakelite laminated 
pinion. 

Here the high-speed motor pinion is 
made ðf a non-metallic, noiseless gear 
material while the slower speed pinion 
in the backgear driving the mill is 
made of cast iron with shrouds. The 
manufacturers never recommend the 
use of non-metallic pinions or gears 
driving in contact with cast gear teeth 
because of the latter’s irregularity and 
rough surfaces which cut the non- 
metallic material. 
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Extra small pinions of non-metallic 
materials require special construc- 
tion to give them the necessary 
strength. 


the laminating fabric which is 
usually linen or canvas. The im- 
pregnating is done on machines 
through which the fabric is made to 
pass slowly. By a combination of 
rollers it is made to pass through a 
dip tank or other device by which 
the varnish is continuously applied 
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until the fabric is uniformly coated 
and impregnated throughout. The 
varnish-laden fabric then passes 
through a drier for evaporating the 
solvents. When dried, the material 
is cut into prescribed dimensions 
and a number of such sheets are 
superimposed and put under heat and 
pressure. The resultant product is 
a hard, rigid plate or board. 

Under the correct conditions of 
temperature and pressure, this mass 
of Bakelite-laden layers of fabric is 
completely transformed into a uni- 
form board, which it is stated cannot 
be resoftened by heat, is not affected 
by water or oil, and only by com- 
paratively few chemicals, possesses 
good dielectric properties, and has 
considerable mechanical strength, 
but is easily machined. 

The method of building up the 
gear blanks from this laminated ma- 
terial differs somewhat among the 
various manufacturers. The more 
common methods used are as follows: 
The first and perhaps the most com- 
mon method, is to cut the blanks 
from laminated board of a thickness 
equal to the gear face. These boards 
are put out by different manufac- 
turers in sizes that vary somewhat 
but are approximately 40 x 40 in., 
and of different thicknesses. The 
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blank is a single piece of material 
and may be cut out from the original 
board with a band saw or by other 
means. 

Another method is to cut the 
blank out from the individual coated 
and impregnated sheets of fabric 
and then axially stagger these round 
sheets when stacking them to obtain 
the proper face thickness. This stag- 
gering of the warp and woof lines of 
the fabric utilizes its bias strength 


and permits the application of a 


higher horsepower rating per inch of 
face than is possible with gears cut 
from boards, according to the manu- 
facturer. This stacking of the die- 
cut sheets is done before the heat 
and pressure are applied to trans- 
form the Bakelite. These die- 
formed blanks, it is said, are par- 
ticularly adapted to the require- 
ments of manufacturers who ma- 
chine their gears in quantity. as the 
size of the blanks is such so as to 
eliminate the waste incurred when 
cutting the blanks from boards. 

There is still another method of 
making a fabric-base, non-metallic 
gear material which does not use the 
Bakelite resinoid process. This gear 
is made of an impregnated cotton 
fiber. Originally this gear was made 
of layers of cloth, assembled be- 
tween steel end plates, compressed 
and fastened together with studs. 
The teeth were then cut. The result 
was a cloth gear which was, in gen- 
eral appearance and method of as- 
sembly, very similar to a rawhide 
gear. 

At present, instead of using cloth, 
cotton fiber in the form of a batting 
is compressed into thin sheets and 
disks are die-cut from these sheets 
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Here a non-metallic gear is used as 
an idler between the metallic motor 
pinion and the gear in the head of 


the lathe. 


to the required diameter. A num- 
ber of these disks, depending upon 
the desired gear face, are assembled 
in steel tubes, between steel end- 
plates and compressed at about 8 tons 
per sq. in. While under compression 
holes are drilled and tapped and 
studs are screwed through the entire 
structure of endplates and fabric, 
thus holding the gear blank in per- 
manent compression. These blanks 
are then put through a certain 
process in which they are subjected 
to heat and high vacuum, so that air 
and moisture are removed. This is 
followed by an oil impregnation 
which renders the cotton fiber im- 
pervious to water and oil and unaf- 
fected by heat or cold. 

The manufacturers of these ma- 


In this drive a non-metallic pinion 
is mounted on a 5-hp. crane bridge 
motor. 
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terials state that their power trans- 
mission ratings should be from 75 
per cent of the rating of a cor- 
responding cut cast-iron pinion or 
gear of the same pitch and face to 
a ratio of 1 to 1 or better. The 
American Association of Gear Man- 
ufacturers recently adopted the 
recommendation that all non-metallic 
gears be estimated on a basis of 
three-quarters the rating of a cor- 
responding cast-iron gear. 

The permissible rating of a gear 
should be influenced by the service 
conditions in the same way as any 
other item of mechanical power 
transmission equipment. For ex- 
ample, the maximum load should be 
considered always and in case of a 
motor drive an allowance made for 


at least 50 per cent overload. Where 


the duty involves the starting of 
heavy loads or: frequent reversals 
under load, an allowance of 100 per 
cent overload should be made. 

In estimating the capacity of a 
non-metallic gear, it is difficult to 
make a direct comparison between 
the strength of the non-metallic and 
the metallic materials. For example, 
the accepted standard fiber stress 
value for these non-metallic ma- 
terials is 6,000 Ib. per sq. in. (with 
higher rating for specially-prepared 
products) as compared to 8,000 lb. 
per sq.in. for cast iron, 12,000- 
15,000 lb. for cast steel, and 15,000 
up to 35,000 lb. or more for steel, de- 
pending upon the composition and 
heat-treatment. . * 

The manufacturers of non-metallic 
gear materials do not consider it 
reasonable to compare the rating of 
their products according to these 
stress values. This is for two rea- 
sons. First, the treated, alloy-steel 
pinion driving the cast-iron gear is 
considerably stronger than its mate, 
and so a gear to replace it would not 
need the same high strength. The 
treated steel gear is used because of 
its wearing qualities, rather than its 
*strength. Also, the non-metallic 
materials have a resiliency that does 
not exist in metals and this factor 
aids the non-metallic material to 
meet an impact load without the 
probability of fracture that might be 
present in a more brittle, or rather 
in a less resilient, material. It is 
stated that the safe working load of 
the non-metallic material does not 
decrease with increased speed of the 
gears nearly as rapidly as does the 
safe working load value of the metal 
gear-tooth. Much experimental work 
is being carried on at present to 

(Please turn to page 574) 


Controlling Power Input 
to Wood Pulp 


Grinder 


by special electrical regulating devices that are applied to the continuous feed 


of synchronous-motor-driven magazine grinders 


T tremendous increase in 
the demand for high-grade 
wood pulp in the paper indus- 
try of this country brought about 
the development of a wood pulp 
grinder of large capacity. The con- 
tinuous-feed, magazine grinder of 
the Warren type was developed to 
fill this need, and with its develop- 
ment came the problem of load regu- 
lation. This type of grinder is 
usually driven by a synchronous mo- 
tor and, in order to obtain a long- 
fiber, high-grade pulp it is neces- 
sary to keep the power input to the 
grinder at a steady value. 

The installation recently made by 
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By F. A. BYLES 


Flow Meter and Regulator Engineer- 
ing Dept., General Electric Co., 
Schenectady, N. Y. 


the Iroquois Pulp and Paper Com- 
pany, Thompson, N. Y., is a good 
example of modern methods of 
grinder regulation. This installa- 
tion is of the single-grinder type 
(one stone driven by one motor), the 
regulating and control system being 
considerably less complicated than 
that used when two grinders are 
driven by one motor, although the 
general scheme of regulation for this 
latter method is the same except 


Fig. 1—These are the motors to 
which constant power input 
was desired. 


Each of these synchronous motors is 
rated at 1,250 hp., 240 rpm. and 
drives a Warren wood pulp grinder. 


that additional control apparatus is 
necessary to allow one or the other 
of the wood-feed motors to be 
stopped and the load automatically 
reduced to one-half. 

In Fig. 1 are shown three syn- 
chronous motors, each of which is 
coupled to a Warren magazine 
grinder. Each motor is rated at 
1,250 hp., 240 r.p.m., 2,200 volts. 

The grinders themselves are shown 
in Fig. 5. From the floor above 
the wood is placed in the vertical 
magazine and is fed down against 
the grinder stone by four toothed 
chains which are operated by the 
series motor A shown in Fig. 6. 
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Fig. 2—These panels control the 
motor shown at (A) in Fig. 6 so 
as to insure a constant load on the 
synchronous motor (shown in Fig. 
1) driving the grinder. 


This motor is connected to the 
chains by means of a series of worm 
gear reductions, so that the actual 
chain feed is only a few inches per 
minute. i 

The speed of the grinder feed mo- 
tor determines the power taken by 
the main synchronous motor and, by 
adopting a suitable regulator, the 
power input is kept at a steady 
value. 

One of the combined control and 
regulator panels is shown in Fig. 2. 
The right-hand panel A provides 
for starting, stopping and control- 
ling one of the 1,250-hp. synchronous 
motors. Panel B supports the load 
regulator E and its rheostat F. The 
curve-drawing wattmeter G on panel 
C records the regulated load. Switch 
H provides a means for disconnect- 
ing the control circuit which, in this 
instance, is 125 volts, and is sup- 
plied by the exciter which furnishes 
excitation for the three synchronous 
motors. 

The rheostat at J provides a 
means for hand control when de- 
sired and is connected in series with 
the shunt field circuit of the d.c. gen- 
erator which furnishes power for 
the grinder feed motor. The induc- 
tion motor K, which drives this 
generator is shown behind the switch- 
board, mounted on a substantial con- 
crete base. The curve-drawing am- 
meter L mounted at the upper end 
of panel D charts the current input 
to the grinder feed motor. An in- 
spection of the current curve with 
respect to the power input curve 
enables the operator to determine 
the grinder performance to a very 
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close degree. Push-button station M 
provides a means for starting and 
stopping the motor-generator K. 
Push button N is connected in the 
undervoltage release circuit of the 
main circuit breaker in the syn- 
chronous motor feed line, and pro- 
vides a means for instantly discon- 
necting this motor from the line 
when so desired. Switch P provides 
a means for reversing the grinder 
feed motor when it becomes neces- 
sary to back up the wood in case of 
uneven grinding, or to remove the 
pressure from the stone. 

When in operation a continuous 
supply of logs varying from 4 to 
10 in. in diameter is fed down 
against the grinder stone. Streams 
of water playing on the stone pre- 
vent excessive heating and carry 
away the ground pulp-wood to the 
storage tank. 

The general scheme of connec- 
tions for the regulator is shown in 
Fig. 4. The switching and hand 
control apparatus has been omitted 


from this diagram for the sake of 
simplicity. 

With reference to this diagram, 
the basic principle of operation is 
that of automatically controlling the 
shunt field of the d.c. generator 
which furnishes power for operat- 
ing the grinder feed motor, so that 
constant power input to the main 
grinder motor will be obtained. 

The main control element of the 
regulator is of the wattmeter type. 
The potential coils P,, and P,, which 
are connected to two potential trans- 
formers, are mounted on the pivoted 
center shaft and are arranged 
within, and at right angles to, the 
current coils C, and C,. The current 
coils are connected to two current 
transformers in the line feeding 
the synchronous motor driving the 
grinder that is to be controlled. 
The torque produced by these coils 
is balanced against a pair of spiral 
springs. Load adjustment is ob- 
tained by spring S, The main con- 
trol contacts (actuated by an arm 
connected to the shaft) are con- 
nected so as to open and close a cir- 
cuit across the windings of relay 
R, which are connected to the 125- 
volt exciter busbars through re- 
sistance R. This relay causes a 
rocker arm to move over a series of 
contacts which in turn are connected 
to sections of resistance in series 
with the shunt field of the d.c. gen- 
erator. When this rocker arm is in 


Fig. 3—This graphic meter record 
is from the recording wattmeter 
measuring power input to one syn- 
chronous motor. 


The close regulation of the wer 
input to the motor may readily be 
seen. 
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the extreme forward position 1 the 
resistance is entirely cut out and the 
highest generator voltage is ob- 
tained; when it is in the extreme 
backward position 2 the resistance 
is entirely cut in, which gives the 
minimum voltage. 

Armature A of relay R shown in 
Fig. 4 is connected to the plunger of 
the dashpot by means of springs S, 
and S, in such manner that it floats 
between them. This allows the ar- 
mature to travel a very short dis- 
tance without moving the dashpot 
plunger (which moves in heavy oil), 
thereby obtaining very rapid contact 
action between the rocker contact 
and two or three of the stationary 
contact bars. When it becomes 
necessary for the rocker arm to 
take up a new position, a sustained 
pull or release on armature A 
causes the spring S, to come into 
action and allows the dashpot plunger 
to rise or fall giving the rocker an 
entirely new field of action. 

The cycle of operation is as fol- 
lows: The torque of the main con- 
trol element increases as the load 
comes on until a balance is obtained 
between it and the spring mechanism. 
At this point the contacts operate 
the relay magnet, which in turn 
cuts in resistance in the generator 
field circuit, causing a lower gen- 
erator voltage and a slower speed 
of the grinder feed motors. The 
lower speed of the feed motor causes 
the grinder motor load to be reduced 
slightly. This load reduction at once 
reverses the regulator operation by 
causing the relay rocker arm to 
rock in the opposite direction, cut- 


125 volt Bus Bere 


Fig. 4—Connection scheme of the 
control shown in Fig. 2. 


ting out a little generator field re- 
sistance, thus raising its voltage and 
the speed of the feed motors. This 
action causes the grinder motor 
load to rise slightly and the cycle 
is repeated. When in actual opera- 
tion the contact action is rapid. 
The relay rocker arm takes up its 
position by rolling forward or back- 
ward as determined by the main 
control contacts until its regulating 
position is established, when. it vi- 
brates between two or three contact 
bars until the load requirements 


Figs. 5 and 6—Wood pulp grinders 
at plant of Iroquois Pulp and Paper 
Co. to which automatic load regula- 
tion was applied. 


At the left is shown one of the three 
Warren pulp grinders with its driving 
motor to the right. he four vertical 
chains feed the wood against the 
grinder stone. These chains are 
driven by motor A in the close-un view 
of the grinder shown in the illustration 
at the right. 
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again cause it to take a new posi- 
tion of vibration. 

The load curve illustrated in 
Fig. 3 shows the regulated load of 
one of these grinder motors when 
in actual service. 


Unusual Cause of 
Transformer Failure 


CUSTOMER recently returned 

to the manufacturer some 
samples of oil taken from a trans- 
former which had failed. The oil 
had been found dirty, and seemed to 
carry a large amount of black sedi- 
ment for which the customer could 
not account. 

Analysis of the oil showed small 
quantities of aluminum, for which 
the laboratory could give no explana- 
tion. The findings were reported to 
the customer, with a request for a 
possible explanation of the alu- 
minum. 

The matter was cleared up in a 
letter which read: 

“The surprising results, which you 
have found, showing aluminum in 
the oil, are undoubtedly due to the 
fact that we painted the transformer 
tanks in the building with aluminum 
paint, using a paint spray. This no 
doubt saturated the atmosphere in 
the building with aluminum powder 
which was taken into the trans- 
formers through the breathers. 

“This analysis has, therefore, 
given us a very valuable suggestion, 
and in the future we will see to it 
that the breathers are closed when 
aluminum paint, or any paint with 
a spray is used.” 


Selecting Commutator Mica 


for 
Direct Current 
Motors 


HIS, the first of a series of articles 

on commutators, takes up the se- 
lection, use and installation of mica as 
used in commutators of industrial mo- 
tors. The second article of the series 
will discuss the subject of commutator 
bars while the third will tell how to 
assemble them. These articles will 
appear in early issues. 


By JESSE M. ZIMMERMAN 


Renewal Parts Engineer, 
Westinghouse Electric & Mfg. Company 
Pittsburgh, Pa. 


N BRIEF, a commutator is a 

mechanical means for converting 

the alternating current in the 
rotating armature of a generator to 
a continuous current which is to be 
supplied to an external circuit. In 
the case of a motor, the commutator 
takes the continuous current from 
the external circuit and delivers it 
to the armature coils, in such a man- 
ner that it will flow in alternate 
directions as the coils are forced 
alternately through fields of dif- 
ferent polarity. These functions are 
accomplished by having the arma- 
ture coils connected to copper seg- 
ments, which are separately insulated 
and mechanically sustained, so that 
they alternately come in contact with 
a set of positive and negative 
brushes which are connected to the 
external circuit. 

To the average user the theo- 
retical principles of commutation 
mean but little. He is interested 
mainly in how the commutator is 
mechanically designed, why it was so 
designed and how can it best be 
maintained. Therefore, the writer 
will dwell in this series of articles 
upon the history and evolution of 
the commutator, the difficulties expe- 
rienced along the path of progress, 
the present-day practice in manu- 
facture of commutators and mainte- 
nance and repair of commutators, so 
as to assist in better understanding 
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Steam-heated hydraulic press used 
for pressing commutator mica plate. 
Great care is taken during the pressing 
operation to insure uniform density. 
Special pads are placed between plates 
in the press to obtain this result. 


of proper commutator maintenance 
and to serve as a guide for purchas- 
ing renewals for repairing the same. 

In the early days of motor manu- 
facture some difficulty was expe- 
rienced with the operation of large- 
sized commutators when the motors 
were placed on test and later in serv- 
ice, due to high bars appearing in 
them. It was necessary to dismantle 
the motor, tighten the commutator 
and re-surface the brush face before 
the motor could be put in service. 
Sometimes this operation had to be 
done several times. The unfortunate 
part of the situation was that this 
so-called seasoning operation had to 
be continued after the motor had 
been in service a few months. At 
the slightest indication of high bars 
the motor had to.be dismantled. 
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This led to a wide research to in- 
vestigate different insulating mate- 
rials as well as ways and means of 
providing a better mechanical struc- 
ture. 

In the early commutators, the 
mica strips were made of mica plate 
having a high bond content. 
Although the plate was made of 
high-grade mica splittings the 
methods of making mica plate were 
less advanced. The commutators 
were made arch-bound and while the 
commutator was going through the 
seasoning period, the bond would 
ooze out from between the bars. 
This caused the mica to shrink, 
relieving the arch-binding between 
the bars because the seasoning proc- 
ess did not completely harden the 
bond. In fact the bond continued to 
ooze out when the motor went into 
operation. Due to centrifugal force 
the bars rose where the bond oozed 
out excessively, thereby causing 
high bars. It is evident then that 
one of the difficulties was due to the 
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mica strips used in the construction 
of these commutators. 

A search was then made for an 
insulating strip which would be more 
adapted to commutator service. 
Asbestos and fishpaper were two of 
the numerous insulating materials 
tried. It was found, however, that a 
mica plate with a low bond content 
and properly seasoned was superior 
to all other materials tried. 

There are two different types of 
mica splittings used in present 
day industrial commutators, namely 
white and amber mica splittings. 

White mica splittings known as 
hard mica come from mines in India 
and are capable of standing a very 
high temperature before decompos- 
ing. Use of this material, however, 
is limited to commutators which are 
undercut. If the commutators were 
not undercut, the mica, which does 
not wear as rapidly as the copper, 
would permit the brushes to ride on 
the mica thus causing a very rapid 
burning action between the brush 
and the commutator surface that is 
very injurious. 

Amber mica splittings which are 
soft and more easily compressed than 
white mica are mined in Canada and 
East Africa. This soft quality 
makes them more adaptable for com- 
mutator use because the mica seg- 
ments will wear away as rapidly as 
the copper thus eliminating the 
necessity of undercutting. This is 
an advantage for there are some ap- 
plications of direct-current motors 
where undercut commutators are 
undesirable. This is particularly 
true in textile mills where the lint 
collects between bars of an undercut 
commutator and carbonizes thereby 
causing a short. Wood pulp and 
paper mills provide similar examples. 
For such applications as these the 
amber mica is desirable despite the 
extra cost. 

It is well to carefully ascertain 
whether renewal commutators have 
segments containing amber or white 
Mica. Very often the difference in 
price which may exist between two 
bidders, can be explained by the fact 
that one will furnish amber mica 
while the other will furnish white 
mica. 

The process of making mica plate 
from the two different kinds of 
' splittings is the same. It is neces- 
sary that the splittings be free from 
clay spots, metallic spots, cross 
grain, heavy edges and heavy pieces. 
The splittings are usually about one 
mil thick and are held together by 
a minimum amount of dry bond 
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Results of tests made on commuta- 
tor mica to determine whether the 
bond was properly seasoned. 


These two illustrations show two sets 
of mica strips after having been heated 
and pressed under identical conditions. 

e to 


bond negligible. 
Sa arii ere are visible s signe oi 
slippage of mica and oosing of bond 
indicating that the bond was not prop- 
erly seasoned. 


which will flow at a medium tem- 
perature. 

Use of the “dry method” of 
making mica plate permits the use 
of a bond which does not contain 
alcohol as a solvent. Alcohol as a 
solvent is dangerous because it does 
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Punched mica strip 
(unfinished ace 


Finished micastrip | 
——— Unfinished mica strip 
Rectangular pieces of mica are 
more economical for small lots of 
segments. 

To insure as little waste as ssible 
the bars should be placed on the mica 
strips as shown. They may be shellacked 


to the strip, after which the segments 
are cut apart and trimmed to size. 
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not completely evaporate. When 
mica plate containing alcohol is used 
in a commutator, the alcohol may 
evaporate and migrate to some part 
of the commutator and condense. 
This sometimes occurs at the point 
of the V’s producing a weak spot in 
this location. Great care is taken 
during the pressing operation to in- 
sure uniform density as shown in 
the illustration at bottom of page 
560. Special pads are placed between 
plates in the press to obtain this 
result as is shown in the illustration 
of the steam heated hydraulic press 
on page 557. 

The mica plate must pass through 
a seasoning operation which serves 
to make the bond infusible. After 
the seasoning operation, the mica 
plate is milled with an allowable 
variation of plus or minus 0.001 in. 
If the variation exceeds this value, 
the distance from any bar to the 
corresponding bar under the next 
pole may vary more than plus or 
minus à in. Some manufacturers 
of mica plate only pass the plate 
through a sanding machine and do 
not machine it, thereby resulting in 
a plate thickness that is not within 
the allowable variation. One can dis- 
tinguish this type of plate by the 
marks of sand rolls. 

Mica plate will compress a certain 
amount when the assembled seg- 
ments are heated and drawn tight 
with the clamping ring. This com- 
pression factor must be taken into 
consideration when milling the mica 
plate. 

Every sheet of finished mica plate 
should have a surface coat of pure 
orange shellac. This treatment has 
the following advantages: (1) It 
prevents flaking and scaling of the 
mica splittings in handling and stor- 
age. (2) It keeps the mica plate 
free from dirt and moisture while in 
storage. (3) It tends to reduce oil 
and moisture absorption when the 
commutator is in service. The 
shellac cements the adjacent bars to 
the mica strip, thus reducing the 
creepage of oil and moisture along 
the copper bar. (4) It facilitates 
assembling. By heating segments 
before the V’s are machined, the 
shellac glues the segments together. 
Therefore, when the banding wire is 
cut, they remain in a firm body and 
will not fall apart. This makes it 
possible to assemble the parts of a 
V-bound commutator without skew- 
ing the bars. 

Mica plate should not absorb more 
than three-fourths of one per cent of 
its own weight of oil when placed 
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between two commutator bars under 
working pressure and immersed in 
oil for 24 hr. The oil absorption 
quality of mica is dependent upon 
the amount and quality of bond. 
Unless the entire surface of every 
splitting is covered with bond, oil 
getting on the commutator will find 
its way into the mica plate lodging 
between these splittings. Therefore, 
it is just as essential that the 
finished mica plate have a sufficient 
amount of bond to prevent oil 
absorption as it is for it not to have 
an excess amount of bond which will 
ooze out when the commutator is in 
service. 

Mica plate should be able to stand 
a pressure of 10,000 Ib. per sq. in. 
when heated to 150 deg. C. without 
showing slippage of mica or oozing 
of bond. Slippage of mica and ooz- 
ing of bond are due to excess of 
bond which has not been properly 
seasoned. It is very important, then, 
that all commutators and more 
especially the arch-bound commuta- 
tor should be made of a mica plate 
which has the bond properly 
seasoned. 

A good means for testing mica 
strips, to determine whether the 
bond has been properly seasoned, is 
to place a dozen strips between two 
parallel steel bars which have a 
bolt at each end to exert a clamping 
action. The steel bars should be 
strong enough so that they will not 
bend. After the strips have been 
placed between the bars, tighten the 
nuts with a “trip wrench” and meas- 
ure their thickness. Place them 
where they can be heated to at least 
150 deg. C. but do not allow a flame 
to strike the strips as it will consume 
the bond. When they are thoroughly 
heated again tighten the nuts with 
the same “trip wrench” and allow to 
cool. Once more measure the thick- 
ness of the assembled strips to deter- 
mine the amount of compression. 
Absence of slippage of mica or ooz- 
ing of bond is an indication that the 
bond was properly seasoned. If the 
bond squeezed out, the strips should 
not be used in a commutator. 

Photographs were taken to show 
two groups of mica strips after they 
had been under identical tests as 
described in the foregoing. The 
illustration at the top of page 558 
shows no effect due to compression 
because the bond was properly 
seasoned. The bottom illustration, 
however, shows the slippage of mica 
and the oozing of the bond. This 
clearly illustrates how the two types 
of mica plate will act after they have 
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been in the commutator. It would be 
well for operators to give the above 
outlined test to a sample of the mica 
plate which is to be used for repair- 
ing commutators. 

The question of how to order mica 
strips for repairing commutators has 
been asked by many maintenance 
men. The manufacturer of the orig- 
inal commutator will supply mica 
strips in one of two ways: namely, 
(1) Punched to an unfinished size, 
and (2) rectangular mica strips. 
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cui segments apart 
on thie, dashed line 


Width of strip fo be length of capper bar v 


Mica strips punched to an un- 
finished size are more economical if 
many strips of a given size are 
required. — 
The copper bar is shellacked to the 


strip as shown and the strip trimmed 


to size and V’s cut by means of a 


knife and knife file. 
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When the V’s and necks of the 
copper bars are punched for manu- 
facturing purposes, the mica will be 
punched in the same manner. This 
mica die will leave in. of material 
on each side of the V for finishing 
purposes. This is shown in the illus- 
tration at the bottom of page 558. 

When the mica strips are received 
in this form, they can be finished 
very easily by pasting the strip to 
the. copper bar with shellac. When 
the shellac is dry, place the two in a 
vise with the mica strip toward you 
and cut the V’s to the same size as 
the copper V’s. Be sure that the 
stroke of the knife is toward the 
copper. In this manner the mica will 
cut without tearing. It may be 
necessary to take a finishing cut 
with a knife file. Handle the file in 
the same manner as the knife. 

When there are only a few com- 
mutators of a given size, it does not 
pay to make a die for punching the 
V’s and necks in the rough, for it is 
cheaper to make the commutator 
from the rectangular copper bars 
and mica strips than to make a set 
of punching dies. Where this con- 
dition exists, the mica strips will be 
rectangular for repair purposes. 

When rectangular mica strips are 
received, it is best to paste them to 
the bar with which they will be used. 
Cut the V in the same manner as 
mentioned in the forgoing. 

When a complete commutator is to 
be refilled a set of mica strips will be 
required. Some repair men do not 
care to use the mica in either of the 
above mentioned forms because it 
requires too large a stock to take 
care of such a varied line of motors 
as is usually found in the average 
industrial plant. Under these con- 
ditions it will only be necessary to 
carry the mica plate in sheet form 
for the three standard thicknesses. 

By careful consideration the 
amount of scrap can be kept to a 
minimum by the following method: 

Assume that the copper bars 
(finished) are 58 in. x 3 in. If the 
sheet is 24 in. x 36 in., it can be cut 
into six pieces 6 in. wide and 24 
in. long. 

Apply a coat of pure heavy orange 
shellac sparingly on the one side of 
each piece. Lay the copper bars on 
the shellacked side in the manner 
shown in the drawing on this page. 
It will be possible to get eight mica 
strips out of each piece. 

If a rear mica extension is desired, 
lay the bars on the plate so that 
there will be x in. of mica extending 
from the rear of the bar. This mica 
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which extends in the front can be 
removed by the machine tool after 
the commutator has been assembled 
or with a knife when the V’s are 
finished. 

After the shellac dries, saw the 
strips apart (as shown by the 
dashed line) with a band saw if one 
is available. If a band saw is not 
available they can be cut apart with 
a coping saw. If a coping saw is 
used a piece of fuller board should 
be placed in the vise so that the 
edge is even with the place where 
the mica plate is to be cut. Care 
should be taken so that the stroke of 
the saw will be toward this piece of 
fullerboard in order to prevent flak- 
ing of the mica. If a band saw is 
used, the set of the saw should be 
small and the throat in the table for 
the saw to pass through should be 
very narrow. 

After the strips ‘have been cut 
apart, the V’s can be sawed out with 
the band saw or cut out with a knife. 
It may be necessary to take a finish- 
ing cut with a knife file before as- 
sembling. 3 ö 

After the V's have been finished, 
do not remove the mica strips from 
the copper bars but assemble them 
while they are stuck together. After 
the commutator has been assembled 
cold, align the bars properly. Heat 
the commutator to a temperature of 
125 deg. to 150 deg. C. and tighten 
while under pressure. The assembly 
of commutators will be treated in 


Special testing machine used for 
measuring the density of com- 
mutator mica strips. 
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detail in the third article of this 
series. The second article, which 
will appear in an early issue, will dis- 
cuss the selection of copper as used 
in making commutator segments. 


Lamp Protection 
Necessary in Atmosphere 
of Explosive Dust 


N AN article on safe lighting 

equipment for dusty locations, 
published in Chemical and Metal- 
lurgical Engineering, Kirk M. Reid, 
Engineering Dept., National Lamp 
Works of General Electric Co., stated 
that extensive tests have been made 
by the National Lamp Works, to 
determine what hazard is involved 
in the use of incandescent lamps in 
atmospheres containing explosive or 
inflammable dust. 

Tests made by the Government 
have shown that nearly all finely- 
divided dust, if combined with the 
right proportion of air, will explode 
or ignite when brought in contact 
with an open flame. It has also 
been demonstrated that such dusts 
may be exploded by static electricity, 


by the electric arc from a short- 


circuit or a loose connection in a 
lamp socket, or by contact with the 
white-hot filament of either a vac- 
uum or a gas-filled lamp. The Na- 
tional Lamp Works tests have proved 
that the hazard due to bulb breakage 
is not confined to the gas-filled lamps. 
Any vacuum lamp, except possibly 
extremely low-wattage lamps, such 
as the 10-watt and the 15-watt, will 
ignite an explosive dust cloud if the 
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glass bulb is cracked or shattered. 

A number of tests have also been 
made to determine the smoking and 
ignition temperatures of various 
dusts which are commonly found. 
These temperatures, when compared 
with the temperatures of different 
sizes of modern vacuum and gas- 
filled lamps, indicate that there is a 
reasonable margin of safety, in most 
cases 150 deg. or more. No trouble 
was experienced in making the dusts 
smoke and char, but they could not 
be made to ignite even when packed 
tightly around the lamp bulb. How- 
ever, when dust accumulates on a 
lamp bulb and is successively heated 
and cooled as the lamp is turned on 
and off during a long period of time, 
the dust changes to a hard crust 
whose temperature may be raised to 
the danger point. 

In considering what protective 
measures are necessary for incandes- 
cent lamps in atmospheres of ex- 
plosive dust, it does not make much 
difference whether the hazard arises 
from the accumulation of dust on the 
bare lamp bulb, as is commonly sup- 
posed, or whether the real danger 
lies in breakage of the bulb, as the 
tests indicate. In either case the 
answer is that all incandescent lamps, 
vacuum and gas-filled, except those 
of the lowest wattages, should be 
protected. Under ordinary condi- 
tions, with free eirculation of air 
around the lamp bulb, it is not likely 
that a fire will be started readily by 
vacuum lamps of small or medium 
size, but it is well to be on the safe 
side and equip them with heavy wire 
guards, at least. The larger vacuum 


» lamps, such as the 100-watt, have 


heavier filaments which retain their 
heat for a relatively long time and 
thereby constitute a hazard in case 
of bulb breakage. Hence, in view 
of present knowledge on the subject, 
it is clearly unsafe to use bare, 
unprotected vacuum lamps of the 
larger sizes, in atmospheres contain- 
ing explosive dusts. It is not suf- 
ficient to equip these large vacuum 
lamps with wire guards only; unless 
they are enclosed in dust-tight or 
vaporproof lighting units they are 
definitely dangerous. 

Where the lighting units employed 
are subject to breakage by being 
struck it is well to take the addi- 
tional precaution of supplying heavy 
wire guards. Also, under extremely 
hazardous conditions, such as arise 
from the presence of highly-explosive 
vapor in the air, it is safer to supply 
the artificial lighting from sources 
entirely outside of the room. 
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Fig. 1— Flexible couplings are widely 
used on steel mill auxiliary drives. 
Laminated disk couplings are used to 
connect the motors to the drive. 
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These. two mill-type motors drive a 
geared line-shaft which in turn drives 
the individual rollers on the front 
table of a blooming mill. 


Flexible Couplings 


on Motor Drives 


FTER having decided upon the 
type of motor and control for 
a given drive application, only 
half of the job has been performed. 
It is also necessary to select the 
mechanical element that will trans- 
fer rotary motion from the motor 
shaft to the driven machine. There 
are six common methods in general 
use for connecting the motor to the 
driven machine. These are: (1) By 
direct connection using solid or 
flexible couplings, or clutches. (2) 
By means of belts, ropes and accom- 
panying pulleys and lineshafts, or 
short-coupled drives using modified 
belt or rope arrangements. (3) 
Through the use of roller, silent 
chain, or other forms of chains. (4) 
By means of gears or gear chains. 
(5) By the use of speed transformers 
or what are commonly known as 
speed reducers; and (6) by means 
of a special form of speed reducer 
known as the variable speed trans- 
mission. a 


By GORDON FOX 
Electrical Engineer 
Freyn Engineering Company, 
Chicago, Ill. 


These different mechanical ele- 
ments will be discussed in a series of 
articles of which this is the first. 
This article will treat couplings and 
magnetic clutches, which are in 
reality a form of coupling. 

Many motors are direct connected 
to the driven machine. Solid or rigid 
flange couplings would make an ideal 
connection. were it not for the fact 
that they are too rigid and make no 
allowance for slight errors in mis- 
alignment or for the errors that 
come with wear of bearings, settling 
of frames or foundations, and other 
operating difficulties. With any mis- 
alignment and a rigidly connected 
shaft, experience shows that some 
of the troubles to be expected are: 
excessive shaft binding, loss of 
power through friction, excessive 
wear of bearings, difficulty of lubri- 


cation, and sometimes even broken 
shafts or couplings. 
Perfect alignment, if it were pos- 


sible to be attained and kept would 


be ideal. Builders of high-speed, 
direct-connected machinery such as 
turbines, line up shafts to within 
0.003 or 0.004 in. On slower-speed 
machines, a greater allowance is 
usual and permissible. Hardly ever, 
however, on ordinary equipment 
does the misalignment exceed m in. 
The result is that flexible couplings 
are required. 

One of the most common com- 
plaints on flexible couplings arises 
from a mistaken belief that they 
will take care of any misalignment 
and do not need any attention after 
once being installed. In other words 
they are thought of as universal 
joints rather than flexible couplings. 
Flexible couplings do take care of a 
certain amount of misalignment, but 
operate much more satisfactorily 
both as to the coupling and as to the 
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machines, if maintained as nearly in 
perfect alignment as possible. It is 
not the function of a flexible coupling 
to compensate for careless or incom- 
petent erection, nor for lack of rea- 
sonable maintenance attention. 

One manufacturer of a very well 
known flexible coupling states, “We 
want to urge operators of direct- 
connected machinery that they line 
up their shafts initially just as care- 
fully as they would do if they were 
attempting to use rigid couplings. 
This should be done whether or not 
the connected machines are received 
from the manufacturer and mounted 
upon a common bedplate, for bed- 
plates will at times spring a suff- 
cient amount to cause operating 
trouble. Therefore, the shafts 


Fig. 2—This coupling uses stan- 
dard hydraulic packing for the 
resilient material. 


should be lined up after the bedplate 
is grouted into position. Also, the 
alignment of all direct connected 
machines should be checked at least 
once or twice a year. By checking 
the alignment it is not necessarily 
meant that the alignment will have 
to be corrected two or three times a 
year, but that in the case of many 
couplings where it is so easy to check 
the alignment by placing a steel 
straight edge across the wide flanges 
at the top, bottom, and sides, that 
the operator should spend a few 
minutes to do this rather than to 
run indefinitely and at some later 
date find that one bearing has worn 
to such an extent that the shafts are 
badly out of line. In such case he 
might have saved unnecessary wear 
in the coupling if he had checked the 
alignment at regular intervals, and 
corrected the alignment when he 
found the shafts were getting badly 
out of line.” 

Couplings of both solid and 
flexible types are in use for motor 
applications. Solid couplings. may 


INDUSTRIAL ENGINEER 


Fig. 3—This arrangement is used 

where a large amount of parallel 

ee must be compensated 

or. 

Two, single type ve couplings are 
together 


connecte by an extension 


shaft. The manufacturer of this cou- 
* states that a maximum of 3/64 
of parallel misalignment may be 
taken care of for each foot of exten- 
sion shaft. 


be used for motor-generator sets and 
for similiar applications where defi- 
nite alignment of three or more 
bearings can be insured and where 
there is little likelihood of loss of 
alignment through bearing wear or 
movement of parts. Solid couplings 
are almost always of the safety 
flanged type. 

Flexible couplings afford a consid- 
erable measure of protection to the 
motor. They should be used where 
accurate alignment cannot be defi- 
nitely insured, where there is any 
possibility for relative movement be- 
tween motor and driven machine, 
where hurried exchange of motors 
may be required, as in steel mill 
service, where there is some vibra- 
tion or shock in the driven machine, 
or where an end thrust occurs which 
might be imposed upon the motor. 
Some types of flexible couplings may 
also be used for cushioning torque 
changes, as for reversing drives. 

The flexible coupling is neces- 
sarily less simple than the solid 
flanged coupling. It is subjected to 


Bushed flange ¿Flexible steel pin uritts 


Renewable 


bronze or lange 
graphited = i ; 
: „+ Spring retain- 


bushing” ; 
ing ring 


Fig. 4—Pin type of all metal flex- 
ible coupling. 


Flexible steel pin units are held in 
bronze or graphite bushings placed in 
one of the flan of the coupling as 
shown. The other end of the ih uns 
is held fast in the other flange. 

steel pin units are mes to slide 4 in. 
within the bushings 
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and is expected to operate under 
faulty conditions. It is only re- 
cently that couplings have been de- 
veloped that will withstand success- 
fully the more severe applications. 
Although there are many designs of 
flexible couplings, they may be di- 
vided into two main classes, namely 
those that derive their flexibility 
through the use of a leather, rubber 
or fiber element and those that are 
made entirely of metal. 

The leather link and leather laced 
belt coupling and the rubber buf- 
fer coupling are among the older 
types. The latter is still quite 
popular. Leather belt types are ap- 
plicable where the torque is uni- 
directional. Rubber buffer couplings 
will not withstand serious misalign- 


Fig. 5—This is the laminated disc, 
double-type coupling. 


Laminated discs are fastened to each 
of the two coupling hubs and to a two- 
art central flange as shown at the 
eft. This coupling can be quickly 
disconnected by removing the bolts 
horne the two halves of the central 


ment. Both leather and rubber are 
subject to deterioration and the rub- 
ber buffer type requires lubrication 
to minimize wear on the pins and 
bushings. 

There has recently been introduced 
a coupling using standard hydraulic 
packing for the resilient material. 
This coupling consists of two dupli- 
cate flanges as shown at A in Fig. 2, 
one outer sleeve as shown at B and 
eight pieces of packing. The two 
flanges are keyed to separate shafts; 
the sleeve goes over the flanges and 
the packing is placed between the 
lugs on the flanges and sleeve re- 
spectively. The assembled coupling 
is shown at C. Steel springs and 
phosphor bronze retaining rings at 
each end of the outer sleeve hold the 
sleeve and packing in place. In this 
way the coupling is assembled with- 
out the use of any projecting bolts. 

The construction of this coupling 
permits quick disconnection in or- 
der to change armatures on motor- 
driven applications. It is only 
necessary to remove the retaining 
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Fig. 6—A flexible coupling using 
a gear arrangement. 


Each shaft hub has an external spur 
gear meshing with an internal gear on 


each half of the enclosing case. This 
oer operates with a self-aligning 
ac on. 


rings, slide back the sleeve and 
lift out the packing, whereupon the 
armature with its flange may be 
lifted out. This coupling compen- 
sates for both angular and parallel 
misalignment of shafts and permits 
end float. It is said to be adaptable 
to reversing as well as non-reversing 
drives. 

All-metal couplings have features 
of desirability. They are particu- 
larly adapted for the more severe 
service applications finding extensive 
use, for instance, in the steel mill. 

The all-metal couplings may be 
classified into those types (1) that 
use pins, (2) those that use lam- 
inated discs, (3) those that use 
springs, and (4) those that use an 
arrangement of internal and ex- 
ternal spur gears. 

The pin type of all-metal coupling 
uses pins that project from each of 
two flanges into holes in a central 
disc composed of fiber or leather. 
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The holes in the central disc are 
slightly larger than the pins which 
permits the coupling to automati- 
cally adjust itself for misalignment. 

Another form of pin type coupling 
uses horizontal laminated steel pins 
projecting into a central disc made 
of steel, while a third form uses 
radial laminated pins which project 
into slots in a central sleeve placed 
over them. These types of couplings 
have been extensively used and are 
popular. The pin laminations may 
break after a long period of service, 
but they do not fail all at once, 
giving warning if occasionally in- 
spected. Theoretically this type of 
coupling should relieve end thrust. 
Practically it is not very effective 
in this respect as the pins are sub- 
jected to stress and they do not 
readily permit endwise movement 
unless well lubricated. It is difficult 
to renew pins in this coupling as 
they become distorted and take a 
permanent set so that the pin sockets 
are out of line. For like reasons, 
single couplings of this type in 
which the pins must be removed in 
separating the coupling, are not 
adapted to quick changes of motors. 
Double couplings of this type can 
be separated without removing the 
pins. This coupling affords a slight 
degree of torque cushioning on re- 
versing drives. 

A coupling in which the objections 
mentioned in the foregoing have 
been removed is shown in Fig. 4. 
Graphite bushings are used in this 
coupling so that the coupling is self 
lubricated. The steel pin units are 


Fig. 8—The motor driving this 
mine hoist is connected to the re- 
duction gear by means of a flexible 
coupling. 


type coupling. 
The two hubs have tapered slots into 


which fit tempered steel springs. The 
slots in the hubs widen inward towards 
each other so that the spring fits 
closely in them onl 


at the outer ends 
and so permits fl 


bility. 


free to slide 4 in. within the bush- 
ings thereby relieving end thrust on 
the coupling. Flexibility is ob- 
tained by means of the flexible steel 
pin units shown in the illustration. 
The coupling is quickly disconnected 
for changing motors by removing 
the spring retaining ring indicated 
in Fig. 4. 

An all metal coupling using lam- 
inated discs for the flexible element 
is shown in Fig. 5. Both single and 
double couplings of this type absorb 
end movement excellently. This type 
of coupling requires no lubrication. 
It affords little if any torque cush- 
ioning effect. | 

Flexible pin and laminated disc 
type couplings may be either single 
or double. The single coupling pro- 
vides but one flexible element. The 
double coupling provides two flexible 
elements and a central floating mem- 
ber. Fig. 5 is a section of a double 
coupling of the laminated disc type. 
The single coupling will withstand a 
little misalignment, perhaps, but very 
little offset of shafts. The double 
coupling will operate successfully 
with greater misalignment and with 
a slight offset of shafts. Where 
considerable offset or play in one 
shaft exists, the condition can be 


met by separating the two single 


flexible members and extending the 
floating member by a spindle, as 
shown in Fig. 3. The double coupling 
permits quick exchange of motors or 
armatures as the floating member is 
split. 

In some types of all-metal flexible 
couplings, coil springs are used to 
join the flanges either in compres- 
sion or in tension between interlock- 
ing arms of the two flange members. 
Such a flexible coupling is shown in 
Fig. 10. This one as well as the 
couplings shown in Figs. 7 and 9 are 
well suited for cushioning torque 
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Yhating grease ring 


Fig. 9—Spring-type flexible cou- 
pling in which the springs form the 
teeth of a spur gear which meshes 
with an internal gear. 


shocks and absorbing the back lash 
in a reversing drive. 

The coupling shown in Fig. 7 com- 
prises essentially two hub members 
keyed to the shafts, each hub having 
external teeth somewhat resembling 
a spur gear. Hairpin spring seg- 
ments are interleaved in the slots 
between the gear teeth. These slots 
are wider at their adjacent ends 
than at their outer ends. When the 
load is light the spring segments 
contact with the outer ends of the 
teeth and the torque is transmitted 
through the spring members acting 
as beams. As the load increases, the 
spring members deflect and contact 
is made nearer the adjacent ends of 
the teeth. Under heavy loads the 
springs are fully deflected and the 
central part of the springs transmits 
all the torque, being subjected to al- 
most pure shear. The deflection of 
the springs above mentioned re- 
quires some relative movement of 
one hub with respect to the other. 
The back lash thus introduced af- 
fords a cushioning effect as it is 
gradually absorbed in the springs 
without impact. This type of 
coupling permits end movement and 
some misalignment. It requires 
lubrication, being grease packed. 
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The fourth type of all metal 
coupling is that using an arrange- 
ment of gears. In Fig. 6 is shown 
a double-type coupling of this char- 
acter that is meeting with favor. 
The hubs keyed to the shafts carry 
external spur gears. A floating 
sleeve, carrying internal spur gears 
at each end, surrounds the two hubs. 
The gear teeth of the sleeve per- 
manently engage the gear teeth of 
the hubs. The sleeve has lateral 
and angular play. To correct for 
misalignment a sliding action takes 
place between the external and in- 
ternal gear teeth. Lubrication is 
necessary for this coupling. Oil is 
used and is thrown to the interior 
circumference of the sleeve and into 
the gear teeth by centrifugal force. 
The floating member is split as in a 
flanged coupling. This type of 
coupling provides no cushioning of 
torque. It will withstand moderate 


‘misalignment and offset of shafts 


and absorbs end movement. 

Closely allied to the coupling as a 
means of connecting the motor to its 
drive is the clutch. The clutch is 
similar to a coupling so arranged 
that the halves can be quickly discon- 
nected thereby permitting part of 
the drive to run while the rest does 
not. This form of connection is par- 
ticularly advantageous when the mo- 
tor will not readily start the load, 


Fig. 10—The magnetic clutch is 
often used to connect the motor 
directly to the driven machine. 


The drawing at the left shows the 
position of the clutch parts when dis- 
engaged. In the drawing at the right, 
current has been applied to the mag- 
net winding thereby attracting the 
armature or flange connected to the 
driven shaft so that the friction plates 
are in contact. In this way it picks 


up the load gradually, as it requires 
a short time for the magnets to become 
completely energized. 
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Fig. 11—Another type of spring 
coupling. 


Coil springs under compression suppl 
the desired resiliency and flexibility. 


but will start it provided the motor 
can first be brought up to speed be- 
fore being connected to the load. 

There are many forms of clutches 
and cut-off couplings, but for the 
purpose of this article we may 
think of them as falling into two 
classes, those employing mechanical 
methods of engagement and those in 
which the friction surfaces are mag- 
netically operated. The first class 
has found wide application on line- 
shafts, countershafts, and also on 
the individual driven machine. The 
magnetic clutch, on the other hand, 
has found particular favor, when 
used in direct connection with the 
motor. For this reason this discus- 
sion will be confined to the magnetic 
clutch. 

The magnetic clutch is primarily 
a means for readily connecting and 
disconnecting a motor from the 
driven machine, either while at rest 
or when in motion. The general 
construction of this unit is shown 
in Fig. 10. It consists essentially of 
a field or driving member and the 
armature or driven member. The 
armature is carried on a spring steel 
plate. This plate holds the friction 
faces normally out of engagement. 
When current passes through the 
winding of the field member, the 
armature is attracted to it, causing 
the friction surfaces to be engaged. 
The turning power of the clutch is 
transmitted entirely by the friction 
surfaces under pressure due to mag- 
netic attraction. In accelerating a 
load there is some slippage between 
these surfaces. In some cases the 
clutch may be gradually applied by 
inserting a rheostat in the field wind- 
ing circuit and gradually increasing 
the excitation. This permits a very 
smooth acceleration. 

Magnetic clutches are particularly 
suited where frequent starting and 
stopping is desired and may be used 
in lieu of starting and stopping the 
motor. They permit of remote con- 

(Please turn to page 569) 


December,1926 


Connecting Transformers 
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To Three-Phase 


which was published in the No- 
vember issue, it was pointed out 
that to the man buying or operating 
industrial transformers, ever present 
problems are: What manner of 
transformer connection will best fit 
the requirements? How may trans- 
formers be operated in parallel? 
Factors that should be considered in 
the purchase of a transformer. Con- 
siderations affecting transformer effi- 
ciency, regulation, and power factor. 
In the first section of this series of 
two articles the question, What 
manner of transformer connection 
will best fit the requirements?” was 
answered. This article will treat the 
remaining factors that have just 
been enumerated. We will first con- 
sider the operation of transformers 
in parallel. 
The satisfactory parallel operation 
of transformers is definitely de- 


È THE FIRST part of this article, 


Circuits 


By L. F. GOSS 


Chief Engineer, Kuhlman Electric Co., 
Bay City, Mich. 


pendent upon five principal charac- 
teristics; that is, any two or more 
transformers which it is desired to 
operate in parallel should possess: 
(1) The same inherent phase angle 


A discussion of the factors 
affecting the operation of 
transformers in parallel and 
the selection of transform- 
ers for industrial service 


difference between primary and sec- 
ondary terminals; (2) the same volt- 
age ratio; (3) the same percentage 
impedance; (4) the same polarity; 
and (5) the same phase rotation. 
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Delta-delta connected out- 
door installation of trans- 
formers used for indus- 
trial purposes. The bank 
at the left has a bus for 
completing the low-ten- 
sion connection while the 
high-tension connections 
are made through lead 
sheath cable connecting 
to buses within the 
lding. 


To a much smaller extent, parallel 
operation is affected by the relative 
outputs of the transformers, but actu- 
ally this aspect is reflected in the 
third characteristic, for if the dispar- 
ity in outputs of any two transform- 
ers exceeds a certain figure, it is 
extremely difficult to incorporate suf- 
ficient impedance (without resorting 
to the use of magnetic shunts) in the 
smaller transformer to produce the 
correct loading conditions for each 
individual unit. 

Characteristics (1) and (5) given 
in the foregoing apply only to poly- 
phase transformers. A very small 
degree of latitude may be allowed 
with regard to the second character- 
istic mentioned, while a somewhat 
greater tolerance may be allowed 
with the third, but the polarity and 
phase rotation where applicable, of 
all transformers operating in paral- 
lel, must be the same. 
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The theory of the parallel opera- 
tion of single-phase transformers is 
essentially the same as for three- 
phase, but the actual practice for 
obtaining suitable connections be- 
tween any two single-phase trans- 
formers is considerably simpler than 
the determination of the correct con- 
nections for any two three-phase 
transformers. 

(1) Phase angle difference be- 
tween primary and secondary ter- 
minals. In single-phase transform- 
ers this point does not arise, as by 
the proper selection of external leads 
any two single-phase transformers 
can be connected so that the phase 
angle difference between primary and 
secondary terminals is the same for 
each. Consequently the question 
really becomes one of polarity. 

(2) Voltage ratio. It is very de- 
_ Sirable that the voltage ratios of any 
two or more transformers operating 
in parallel should be the same, for 
if there is any difference whatever, 
a circulating current will flow in the 
secondary windings of the trans- 
formers which are connected in 
parallel, but before they are con- 
nected to any external load. Such a 
circulating current may or may not 
be permissible according, first, to its 
actual magnitude, and second, as to 
whether the load to be supplied is 
less than or equal to the sum of the 
rated outputs of the transformers 
operating in parallel. As a rule, how- 
ever, every effort should be made to 
obtain identical ratios, and particular 
attention should be given to obtain- 
ing these at all ratios when trans- 
formers are fitted with adjusting 
taps. In passing, it may be well to 
point out that when a manufacturer 
is asked to design a transformer to 
operate in parallel with existing 
transformers, the actual ratio of 
primary and secondary turns should 
be given, as this ratio can easily be 
obtained exactly. Such figures would, 
of course, be obtained from the origi- 
nal manufacturer of the existing 
transformers. 

(3) Percentage impedance voltage. 
The percentage impedance voltage, 
which is a factor inherent in the 
design of any transformer, is a char- 
acteristic to which particular atten- 
tion must be paid when considering 
parallel operation. The percentage 
impedance voltage is determined by 
the formula. 


IZ = V (IR) + (IX); 
where IZ is the percentage impe- 


dance drop, IR the percentage resist- 
ance drop and IX the percentage re- 
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actance drop. The value of J is, of 
course, inserted to correspond with 
the normal full-load current of the 
transformer. Assuming that all 
other characteristics are the same, 
the percentage impedance voltage de- 
termines the load carried by each 
transformer, and in the simplest 
case, viz., of two transformers of 
the same output operating in paral- 
lel, the percentage impedances must 
also be identical if the transformers 
are to share the total load equally. 
If, for instance, of two transformers 
connected in parallel having the same 
output, voltage ratio, and the like, 
one has an impedance of 4 per cent 
and the other an impedance of 2 per 
cent, the transformer having the 
larger impedance will supply a third 
of the total bank output, and the 
other transformer will supply two- 
thirds, so that the transformer hav- 
ing the higher impedance will only 
be carrying 66 per cent of its normal 
load, while the other transformer will 
be carrying a 33 per cent overload. 
When operating transformers in 


Open-delta connected indoor instal- 
lation of transformers at plant of 
Standard Brass Manufacturing Co., 
Detroit, Mich. 
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parallel, the smallest transformer 
should not be less than one-fifth of 
the output of the largest, as other- 
wise it is extremely difficult, as men- 
tioned above, to incorporate the nec- 
essary impedance in the smaller 
transformer. i 

(4) Polarity. The term polarity 
when used with reference to the 
parallel operation of electrical ma- 
chinery is understood to refer to a 
certain relationship existing between 
two or more units, and it is not ap- 
plied to any single unit considered 
alone. Any two single-phase trans- 
formers have the same polarity when 
their instantaneous terminal voltages 
are in phase. With this condition, a 
voltmeter connected across similar 
terminals will indicate zero. 

Single - phase transformers are 
essentially simple to phase in, as for 
any given pair of transformers there 
are only two possible sets of external 
connections, one of which must be 
correct. If two single phase trans- 
formers, say X and Y, have to be 
phased-in for parallel operation, the 
first procedure is to connect both 
primary and secondary terminals of 
say, transformer X, to their corre- 
sponding busbars, and then to con- 
nect the primary terminals of trans- 
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This installation transforms the 
power for the Detroit Copper & 
Brass Rolling Mills, Detroit, Mich. 


It is located on a balcony in one of the 
mills and is screened off for protection 
to workmen. 


former Y to their busbars. If the 
two transformers have the same 
polarity, corresponding secondary 
terminals will be at the same poten- 
tial, but in order to ascertain if this 
is so, it is necessary to connect one 
secondary terminal of transformer 
Y to what is thought to be its corre- 
sponding busbar. It is necessary to 
make the connection from one sec- 
ondary terminal of transformer Y so 
that when taking voltage readings 
there is a return path for the cur- 
rent that is flowing through the 
voltmeter. 

Voltage across the disconnected 
secondary terminal of transformer 
Y and the other busbar is then 
measured, and if a zero reading is 
obtained, the transformers have the 
same polarity, and permanent con- 
nections can accordingly be made. 
If, however, the voltage measured is 
twice the normal secondary voltage, 
then the two transformers have op- 
posite polarity. To rectify this, it 
is only necessary to cross connect 
the secondary terminals of trans- 
former Y to the busbars. If, how- 
ever, it is more convenient to cross- 
connect the primary terminals, such 
a procedure will give exactly the 
same results. 

(5) Phase rotation. In single- 
phase transformers, this point does 
not arise, as phase rotation is a char- 
acteristic of polyphase transformers. 

In the case of polyphase trans- 
formers special attention must be 
given to characteristics (1) and (5). 


However, let us consider all char- 
acteristics in order. l 

(1) Phase angle difference be- 
tween primary and secondary termi- 
nals. The choice of suitable external 
connections which will enable two or 
more polyphase transformers to op- 
erate satisfactorily in parallel is 
much more complicated than is a sim- 
ilar choice for single-phase trans- 
formers, largely on account of the 
phase angle difference between pri- 
mary and secondary terminals of the 
various connections. It becomes 
necessary, therefore, to study care- 
fully the terminal connections of 
polyphase transformers which are to 
be operated in parallel before at- 
tempting to phase them in. 

It should be noted that the ques- 
tion of phase displacement is one of 
displacement between the line ter- 
minals, and not necessarily of any 
internal displacement which may oc- 
cur between the vectors representing 
the voltages across the individual 
phase windings. 

(2) Voltage ratio. (3) Percentage 
impedance voltage. (4) Polarity. 
With polyphase transformers exactly 
the same remarks apply to these 
three items as was outlined for 
single-phase transformers. 

(5) Phase rotation. When phasing 
in any two or more transformers, it 
is essential that both their polarity 
and phase rotation should be the 
same. The phase rotation may be 
clockwise or counter-clockwise, but 
so long as it is the same with both 
transformers, the direction is im- 
material. It is generally advisable 
when installing two or more trans- 
formers for parallel operation, to 
actually make a test for the purpose 
of definitely ascertaining that cor- 


bearing 
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responding secondary terminals have 
the same instantaneous voltage mag- 
nitude and phase. 


CONSIDERATIONS AFFECTING THE 
SELECTION OF TRANSFORMERS 


The outstanding features of a 
transformer, which should receive 
careful consideration by the prospec- 
tive purchaser are, reliability, iron 
loss, copper loss, and impedance. 

(1) Reliability. In both design 
and manufacture, the reliability of 
a transformer should be given first 
consideration. The principal factors 
reliability are: sound 
mechani construction; liberal oil 
ducts and electrical clearances; cur- 
rent and induction densities suffi- 
ciently low to avoid excessive local 
heating; liberal radiating surfaces; 
and good oil, preferably of the non- 
sludging grade. 

All these factors tend to increase 
the first cost of a transformer, and 
the first three tend to reduce the effi- 
ciency, but these disadvantages are 
outweighed by the saving in cost of 
repairs and the advantage of insur- 
ing continuity of service. 

(2) Iron loss. The iron loss of a 
transformer should be reduced to a 
minimum since this loss is constant 
and continuous during the whole of 
the time the transformer is con- 
nected to the mains. While, how- 
ever, a low iron loss is undoubtedly 
a great advantage, it should not be 
obtained at the expense of a very 
high copper loss, and thereby the 
probable sacrifice of reliability. 

(8) Copper loss. It should be re- 
membered that the operation of a 
commercial transformer of given 
proportions and for a given output 
entails the loss of a certain and 
fairly constant total amount of 
power, consisting generally of iron 
and copper losses. Acceptance of 
this statement implies, therefore, 
that if the iron loss of a commer- 
cial transformer is very low, the cop- 
per loss will be correspondingly high 
and vice versa. A high copper loss 
may represent a distinct menace to 
the coil insulation on account of the 
possibility of excessive undetermined 
local heating occurring in the in- 
terior of the coils, and therefore it 
is far sounder practice to design for 
a closer agreement between copper 
and iron losses than to aim for a 
very low iron loss at the expense of 
the copper loss or of the electrical 
or thermal design of the trans- 
former. 

(4) Impedance. The effect of im- 
pedance upon regulation is important 
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as a high impedance entails a high 
regulation at the lower power fac- 
tors. High regulation as such is 
certainly an undesirable feature, but 
it must not be overlooked that a rea- 
sonably high impedance is the best 
protection against the damage a 
transformer is liable to sustain due 
to external short circuits. In de- 
ciding, therefore, what impedance a 
transformer should have, reliability 
and safety should be given prefer- 
ence. In this connection, the ques- 
tion of parallel operation is of im- 
portance, since the impedance of a 
transformer which has to operate in 
parellel with an existing transformer 
should be equal to the impedance of 
the latter. When, however, such an 
impedance is too low for satisfactory 
service under modern conditions, 1t 
is better to insert separate impedance 
coils in series with the existing 
transformer, than to perpetuate a 
design which is no longer in ac- 
cordance with sound modern prac- 
tice. 


DETERMINING REGULATION OF 
TRANSFORMERS 


E ficiency—The losses in a trans- 
former comprise the iron and the 
copper losses and sufficient power is 
consumed at the primary terminals 
of the transformer to supply both 
the load and losses. The relation be- 
tween the load W plus the losses w 
to the load W is the efficiency. 

Per cent efficiency [ — 
(W + w)] X 100 

Given a 200-kva. transformer with 
a core loss of 744 watts and a cop- 
per loss of 2,350 watts, the full-load 
efficiency will be 

[200,000 — (200,000 +- 744 + 

2,350)] X 100 = 98.6 per cent 

The core loss remains constant ir- 
respective of the load, but the cop- 
per loss varies as the square of the 
load. 

The copper loss in the above ex- 
ample at three-quarter load will be: 
(0.75)? X 2,350 = 1,332 watts. 

The efficiency at this load will then 
be: 

(0.75 X 200,000) — [ (0.75 X 
200,000) + 1,332 + 744] X 100 
= 98.7 per cent. 

The core loss is not affected by 
temperature, but the copper loss in- 
creases as the temperature increases, 
and all guarantees are made on the 
basis of 75 deg. C. 

Regulation—The regulation of a 
transformer is affected by both im- 
pedance watts, or copper loss and by 
reactance. In any transformer some 
of the lines of force, instead nf ga- 
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ing through the iron, leak through 
the coils. This leakage flux gen- 


erates an opposing voltage called re- 


actance volts in the coils which re- 
duces the delivered volts under load, 
and this is especially noticeable in 
loads of low power factor. 

The delivered volts on a non-induc- 
tive load, that is a load consisting 
of resistance only, will be reduced by 
the following amount from what 
would be expected from the turns 
ratio alone. 

Per cent regulation = qr + 
(r)“ 200] 

where gr = per cent impedance 

watts, also called IR drop 

and qxz S per cent reactance volts. 

As an example let us calculate the 
delivered volts under full load for a 
200-kva., 2,300/230-volt transformer 
having 2,350 watts copper loss and 
3 per cent reactance volts. 

The impedance watts qr will be 
equal to the copper loss divided by 


This outdoor installation trans- 
forms power received at a 4.600 - volt 
potential for the Detroit plant of 
the Federal Bearing & Bushing Co. 
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the full-load rating of the trans- 
former, or gr = (2,350 — 200,000) 
X 100 = 1.175 per cent. 
Per cent regulation = 1.175 + 
(3’ — 200) = 1.22 per cent. 

The actual delivered volts from the 
above transformer with a non-induc- 
tive load will be: 

(100 per cent — 1.22 per cent) X 

230 — 227.2 volts. 

All standard regulation guaran- 
tees are based on a load at 80 per 
cent power factor and the formula 
for regulation at power factor m and 
reactive factor n, is: 

Per cent regulation = m X qr ＋ n 
X qax + [(m X qz — n X qr) + 
200] 

Assume the same transformer as 
in the preceding example operating 
with a load at 80 per cent power 
factor and the corresponding 60 per 
cent reactive factor. In this case 
the per cent regulation at full load 
will be: 

Per cent regulation = 0.8 X 1.175 + 
0.6 X 3 + [(0.8 X 3 — 0.6 X 
1.175)“ — 200] = 2.75 per cent. 

The actual delivered volts under 

this load will be: 
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(100 per cent — 2.75 per cent) X 
230 = 223.6 volts 

Power Factor—In a direct-current 
circuit the volts X the amperes = 
watts, but in an alternating current 
circuit that has any inductance, 
such as motors, the volts X amperes 
will not equal the watts as indicated 
on a wattmeter, but will give a re- 
sult that is greater than the actual 
watts. The relation between these 
two is the power factor of the cir- 
cuit, and is expressed by the follow- 
ing equation: 

[watts — (volts X amp.)] X 100 
= per cent power factor. 

If the watts equaled the volt-am- 
peres, the power factor would be 100 
per cent and the circuit would be non- 
inductive. 

Assume a load of 150 kw. having a 
power factor of 80 per cent. The 
transformer capacity required to 
carry this load will be: 

150 — 0.8 = 187.5 kva. 

The nearest standard size is 200 
kva. and this size should be used. 

Exciting Current—The item of ex- 
citing current is considered of im- 
portance by some especially where 
there are a large number of distri- 
bution transformers on the system 
under a part time load. This is the 
current that flows in the primary 
when there is no load on the second- 
ary and has a very poor power fac- 
tor. The volt-amperes of exciting 
current or apparent watts consists of 
the core loss and a little copper loss 
due to the exciting current, both of 
which are power components, and 
the magnetizing current, which is 
out of phase. 

The exciting current is principally 
objectionable as it causes line loss 
and requires some generator capacity 
to supply. While it is impossible to 
eliminate it entirely, modern trans- 
former design tends to reduce it. 


Method of 
Fabricating All-Welded 
Pipe Railings 

LARGE Eastern shop desired to 
have a 2-in. pipe railing built 
on very short notice. It was found 
that there were no railing fittings 
of the desired size available; 80 
their welding department was asked 
to do the job. The result was most 
pleasing to the officials of the plant, 
and the method of construction, as 
stated in the Welding Engineer, is 
one that can be used wherever weld- 
ing is available. 
As shown at C in the accompany- 
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ing diagrams, all of the pipe used 
was of short length. No patterns of 
any kind were necessary, and the 
only tools that were used besides the 
torches were a square, a hammer, a 
centerpunch, a pair of dividers, and 
a vise. 

In making up a railing the corners 
of the railing are formed by cutting 
a large V at the desired point, as 
shown at B in the diagram, care 
being taken not to cut all the way 


Spacers cut to fi} 
curvature of 
horizontal pes 


These diagrams show the princi- 
pal steps involved in building a 
welded pipe railing. 


through the pipe. The pipe is then 
bent at right angles, the joint very 
carefully squared and lined up, after 
which it is tack-welded. 

The spacers, shown at A in the 
diagram, are all cut off in the pipe 
cutting machine or with the torch, 
a great deal of care being taken to 
see that they are all of the same 
length, and the ends are all notched 
out to fit the curvature of the hori- 
zontal railings. To assemble the 
railing, lay the top horizontal rail, 
that has already been bent and tack- 
welded, on the floor, and measure off 
and mark where the spacers are to 
go. After squaring up the spacers, 
in all directions, with the top hori- 
zontal rail, tack-weld the spacers 
into a vertical position, tacking se- 
curely enough so that the pipe will 
stand considerable handling. Lay 
the bottom horizontal railing on the 
floor, turn over the top rail that has 
the spacers welded to it, so that the 
spacers point downward, and place 
the lower end of the spacers on top 
of the railing that is on the floor. 
Line up this railing with the spacers 
and, after checking with the square, 
tack-weld the spacers to the rail. 

The floor flanges are made of 2-in. 
boiler plate and are cut to a 5-in. 
diameter. The bolt holes are four in 
number and are 3 in. in diameter. 
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The flanges are cut with the cutting 
torch. The holes are drilled and the 
edges of the plates are cleaned be- 
fore the legs of the railing are 
welded to them. The legs are made 
in the same way as the spacers, ex- 
cept that one end of the legs is left 
square. The square end of the leg 
is tack-welded to the floor plate and 
the leg in turn is tack-welded to the 
railing, after the railing has been 
turned upside down. After all 
tacking is done, the railing is turned 
right side up and a neat welding job 
is done on all joints, care being taken 
to see that all joints are square and 
in line with other parts. The wall 
flanges can be welded last. 

Sketch D in the diagram. shows a 
method of attaching a kick board to 
a railing. These kick boards are re- 
quired by a good many safety engi- 
neers and are used at the bottom of 
a railing which is around an over- 
head platform or a pit. These boards 
prevent tools and other objects from 
being kicked onto workers below. 

The plant mentioned above has 
built both kinds of railings, the 
threaded fitting railing and the all- 
welded railing. In both cases the 
pipe used was old and useless for any 
other purpose. Cost figures showed, 
however, that the welded railing 
could be built at about half the cost 
of a similar railing of the same 
length in which tees, crosses and el- 
bows were used. 


Flexible Couplings 


for Motor Drives 


(Continued from page 564) 


trol and easy application. They pro- 
vide a ready and quick means of 
mechanical disconnection and are 
therefore frequently applied as a 
safety feature. They are frequently 
used to permit starting a motor 
without load, the clutch being ener- 
gized after the motor has attained 
normal speed. This practice ap- 
plies particularly to synchronous 
motors. They are mechanically 
simple, normally balanced and may 
be used for higher speeds and 
heavier duty than other types of 
clutches. They do not require 
lubrication. 

Where magnetic clutches are in- 
stalled as a safety provision, a mag- 
netic brake is generally provided in 
conjunction, to stop the machinery 
after the motor is disconnected. 


Practical pointers on 


Mush or Hit-and-Miss 


Armature Coils 


with details of the procedure employed in obtaining 
the data needed in making up these coils in the dif- 
ferent types used in motor windings 


well-shaped coils and good insula- 

tion properly applied are the 
foundation of any electrical winding 
used in the stator or rotor of a 
rotating machine. Therefore, it is 
obvious that the useful life of the 
repaired machine depends upon the 
skill and knowledge of the coil maker. 
The broader this man’s experience 
and knowledge of windings as ap- 
plied to a.c. and d.c. machines, and 
also of wire and insulation, the better 
will he be able to develop a coil and 
insulate it for any type of machine 
brought in for repairs. 

By a knowledge of windings is 
meant the winding rules, types and 
connections of electrical windings, 
such as lap and wave, for a.c. and 
d.c. machines. Actual experience in 
repair work will in many cases en- 
able a winder to simplify a difficult 
job by changing the type of winding. 

The making of coils from a repair 
shop standpoint is considerably dif- 
ferent from the manufacturer’s view- 
point. The motor manufacturer de- 
velops special tools and trains a 
certain group of employees to make 
one type of coil in large quantities. 
In some cases the routine handling 
of coils through the various manu- 
facturing steps may require one or 
more operations that would be un- 
necessary in the average repair shop. 
The repair shop, on the other hand, 
has to make a number of different 
types of coils every day with the 
tools on hand and a small force of 
workers. In every case, therefore, 
the cost and number of special tools 
for any one set of coils must be kept 
to a minimum. This forces the av- 
erage repair shop to train a small 
force to be all-around coil men who 
can wind, pull, tape and perform all 
of the details of coil making. 

Here is where the repair shop is 
fortunate, for young men or boys 
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taking courses in night schools can 
be trained to make coils and thereby 
get training that later will enable 
them to wind small motors or me- 
dium-sized a. c. stators or d. e. arma- 
tures. A repair shop is a fine school 
for any man or youth who desires 
to go into any branch of electrical 
work. Electrical apparatus of all 
kinds is brought into the average 
repair shop, from the coffee per- 
colator to large rotary converters, 
while transformers and other equip- 
ment that is too large to be taken to 
the shop, is repaired in the field 
where service conditions can be ob- 
served and studied at first hand. 

The average young man, after 
spending 12 or 18 months in making 
coils, has a practical respect for coils 
and insulation in general and knows 
what skinned spots on wire and 
chafed insulation on a coil mean. 
With such knowledge he is in a far 
better position to judge where extra 
insulation is required and when and 
where to use special care in the 
winding and handling of complete 
machines. 

The repairing of electrical appa- 
ratus can be divided into two distinct 
and separate parts, as follows: (1) 
The repair shop that caters to the 
plants in the surrounding district 
and repairs electrical machines of all 
makes and types. (2) The repair 
shop located in an industrial manu- 
facturing plant whose one and only 
function is to repair the motors and 
other electrical equipment for this 
one plant only. 

In many instances both these re- 
pair shops have an advantage over 
the electrical manufacturer. The 
manufacturer must develop a stand- 


THIS is the first of a series 
of articles that will deal with 
the types of coils that the 
average repair shop will use 
in the repairing and rewind- 
ing of motors and genera- 
tors. The subject will be 
treated in such a manner as 
to enable the average repair 
shop to make up the simple 
and inexpensive tools re- 
quired to make coils for a 
single job, along with hints 
and ways to increase produc- 
tion on coils made in large 
quantities. Practical details 
will be given for each type 
of coil now commonly used 
and the ways they can be en- 
ployed in different types of 
a. c. and d.c. windings. 


ard range of motors for 110, 220, 
440, and 550 volts and in some cases, 
as with induction motors, the wind- 
ings are designed so that the motors 
can be carried in stock rated at 220 
volts, and reconnected for 110- or 
440-volt operation, or other schemes 
may be used to reduce stock and tools 
and provide straight-line production. 

When a motor or other piece of 
apparatus has been purchased for a 
definite purpose and its voltage is 
fixed, this works out to the repair 
shop’s advantage in some cases and 
is the basis for the statement already 
made that the coil man should know 
something about the construction of 
a.c. and d.c. motors and generators. 
The following cases will illustrate 
this point. Assume that a 220-volt 
induction motor is up for repairs and 
the stator is to be rewound. After 
checking the coils used we find it 
requires 54 turns of one No. 15 d.c.c. 
wire and 72 mush coils. The coil 
man on checking the winding data 
finds that the motor was connected 
two-parallel star for 220 volts. He 
then advises the shop foreman to 
change the connection to series-star 
for 220 volts, as he will wind the 
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coils with 27 turns of two No. 15 
d.c.c. wires in hand. This will save 
27 turns on each coil, reduce the la- 
bor, and provide a_ satisfactory 
winding. 

Or again, the coil may be one that 
is wound with a small size of wire 
with the wires arranged in layers 
and the coil well shaped. It may 
have 20 turns of one No. 18 d.c.c., 
four wide by five deep for a voltage 
of 110 d.c. Here the coil man sees 
a chance to change to a flat, mush 
type of coil using No. 18 single-cot- 
ton and enamel-covered wire. 

A good coil man checks each job 
from the coil back to the complete 
machine for opportunities to save 
time and improve the winding. For 
instance, a check on a d.c. machine 
revealed that the brush-holders could 
be shifted 45 mechanical degrees. 
This helped to eliminate a mean bot- 
tom lead connecting job and also 
stopped the brushes from sticking in 
the bottom brush-holder box. 

Ribbon wire can be used to replace 
three or more round wires in parallel, 


Figs. 1 to 6—Diagrams that can be 
used for recording dimensions and 
lead position for mush coils. 


Fig. 1 shows a skeleton diagram that 
can be made up as a rubber stamp and 
filled out as required. Fig. 2 shows 
the diagram in Fig. 1 filled out for a 
flat, diamond-mush coil with leads at 
the diamond point. Fig. 3 is filled out 
for a flat, rectangular mush coil show- 
ing the position of the leads. Fig. 4 is 
filled out for a flat mush coil of a bas- 
ket winding, showing the diamond 
points off the center line of the coil. 
Fig. 5 is filled out for a flat, diamond- 
mush coil for a d.c. machine having the 
leads at the end of each slot side. 
Fig. 6 shows a diagram providing 
for dimensions when the center of the 
diamond points is off the center line 
of the coil. 


FIG. 3 
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and numerous other combinations 
can be made to save time on a re- 
winding job when it is properly 
studied and handled. 

The industrial plant that does its 
own rewinding can save in this de- 
partment by standardizing on one or 
a small number of different makes, 
types and standard ratings of mo- 
tors. This will reduce spare parts 
to a minimum and the repair shop 
can handle its coil and rewinding 
work to better advantage, as a slight 
change might make one coil suitable 
for a number of other motors, thus 
calling for a large quantity of one 
kind of coil. 

Mush Coils—By the term “mush” 
is meant coils not wound in layers 
and sometimes called {‘hit-and-miss” 
coils. The wires are allowed to pile 
up by winding slowly back and forth 
across the wire space or winding 
room on the mold. When winding 
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Figs. 7 to 10—Diagrams that can 
be used for recording dimensions 
and lead positions for mush coils of 
the concentric-chain type used in 
single-phase motors. 


Fig. 7 shows a skeleton diagram pro- 
viding spaces for dimensions. Fig. 8 
shows this diagram for use with a 
table in cases where a number of dif- 
ferent sizes of coils are used. Fig. 9 
illustrates the diagram that can be 
used for mush pulled coils 5 
dimensions for the winding loop and 
notations for the type of coil. Fig. 10 
shows Fig. 9 filled in for a left-hand 
rotor coil with the leads on top, the 
long cell on top, and the leads brought 
out on the end of each cell in the 
winding slot. 


mush or hit-and-miss coils, care 
should be taken not to allow the wire 
to make a sudden cross from one 
side of the mold to the other. 

The mush coil is frequently used 
in both a.c. and d.c. machines and 
its use is increasing. With improve- 
ments in insulation and types of 
wires, the use of mush coil will be 
further increased and, therefore, this 
coil is worthy of considerable study. 

In order to avoid repetition of in- 
formation already presented, readers 
are referred to the information on 
coils that has appeared in the follow- 
ing issues of INDUSTRIAL ENGINEER: 
(1) Diagrams for Coil Winders, by 
A. C. Roe, page 283, June, 1922, is- 
sue. (2) Shop Practice and Details 
of Coil Making Methods, by A. C. 
Roe, July, 1922, issue. (3) Methods 
for Laying Out Coils for D.C. Arma- 
tures and A.C. Stators, by A. C. Roe, 
page 159, April, 1922. These articles 
give considerable coil data and details 
of card records and how to lay out 
coils. 

The keeping of coil records is one 
of the important items in repair 
work and the system used must be 
flexible and simple. The coil data 
should be tied in with an order num- 
ber and the name of the customer, 
in commercial shops, and with the 
motor type and serial number in in- 
dustrial plant repair shops. 
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Turns Per Single Coil 
Coils Wound From No.. . Reels 
Color Sleeving. . Wires Per Sleeve £ 


Fig II 


The systems described in the above 


articles cover the subject and the 


following will add a few more prac- 
tical points. Fig. 1 shows a diagram 
that can be used for all flat, mush- 
wound coils regardless of lead posi- 
tion or whether the coils are dia- 
mond-shaped or rectangular. This 
diagram can be made up as a rubber 
stamp and the sketch stamped on 
8-in. by 5-in. or 4-in. by 6-in. cards, 
or on forms carrying other motor 
rewinding data. 

The sketch of the partially closed 
and open slot can be filled in to give 
the slot size. The letters W.S. indi- 
cate wire space, and is the thickness 
of the center block of the mold. The 
other dimensions necessary for flat 
mush coils are, length of cells or slot 
portions of coil, total over-all length, 
width or coil pitch in inches, location 
of diamond point and radius used at 
corners of mold, wire space and loca- 
tion of and length of leads. 

Fig. 2 shows the diagram in Fig. 1 
filled in for a flat, diamond mush 
coil with leads at the diamond point. 


Figs. 18 to 17—Diagrams showing 
different types of single coils as 
used in lap and wave windings. 


Fig. 13 shows a one-turn single coll 
for the lap winding of an a.c. or d.c. 
machine. Fig. 14 is a two- turn, single 
coil for a lap winding. Fig. 15 is a 
one-turn single coil for a wave wind- 
ing. Fig. 16 shows a two-turn single 
coil for a wave winding. Fig. 17 shows 
a winding unit composed of three single 
coils and one or two single coils per 
cell. The small circle surrounding one 
coil side indicates that the conductors 
enclosed are all in the same slot. 
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Fig. 12 


This coil is used for a partially-closed 
slot machine, the slot opening being 
è in., with the radius in corners } in. 
W.S. is 4 in. and the length of leads 
4 in. The one dimension for the 
coil width indicates that the diamond 
points A are on the center line of 
the coil. The letters A are not in- 
cluded in the coil data. They have 
been used in this case to illustrate 
the point referred to. 

Fig. 3 shows the diagram of Fig. 1 
filled in for a flat, rectangular mush 
coil, such as is used in d.c. bipolar 
machines using the staggered wind- 
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Fig. 11—Winding card containing 
coil information for commercial re- 
pair shops where a variety work is 
done. Fig. 12—A similar winding 
card for use in an industrial plant 
repair shop. 

Both of these cards are filled out to 


show the data that would be recorded 
for a particular job. 


ing. Note the two straight lines 
that have been drawn across the coil 
width, and the position of the leads. 
In this case the over-all length is not 
filled in as the cell lengths are also 
the length of the mold, as shown. 

Fig. 4 shows the same diagram 
filled out for a flat mush coil for a 
basket winding. Note the method of 
locating the diamond point, which is 
off center ? in., and the location of the 
leads between the long cell and dia- 
mond point. In this type of coil, 
which is used in basket windings 
for stators, the long cell is the bot- 
tom cell. This is just the reverse in 
two-layer windings, the reason being 
that the bottom of the basket coil 
must be bent down to allow the top 
coils to clear. 

In Fig. 5 the diagram of Fig. 1 is 
filled out for a. flat, diamond mush 
coil for a direct-current machine hav- 
ing the leads at the end of each cell. 

A slightly different diagram is 
shown in Fig. 6, which provides for 
off-center diamond points and does 
not include the slot size sketch. This 
reduces the cost of the stamp and 
permits the use of a smaller card. 

Fig. 7 shows a diagram used for 
mush coils of the concentric-chain 
type, such as are used in single- 
phase motors, etc. 


rise. is 16.14 l FIG.15 
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Fig. 18—This form provides a 
means of recording complete coil 
and armature winding data. 


The top part of the form is filled out 
as it would be in a particular case. 


Fig. 8 shows the same diagram ex- 
cept it has a table providing for the 
recording of six different sizes of 
coils. This is a better diagram than 
Fig. 7 when this type of coil has a 
number of different sizes of coils per 
group. The last column indicates 
the number of coils of each size re- 
quired. 

In Fig. 9 a diagram for mush, 
pulled coils is shown. The part A is 
similar to Fig. 1. The loop B is for 
recording the length of the loop over 
the outside of the pins, and also the 
diameter of the pins, at D. At the 
right of this diagram the notation is 
used to indicate the lead position, 
whether the coils are right- or left- 
handed, and also whether the long 
cell is on top or on the bottom. By 
crossing out the words not wanted, 
this notation can be used in all cases. 

In Fig. 10 the diagram of Fig. 9 
has been filled in for a left-hand ro- 
tor coil with leads on top and long 
cell on top, with the leads brought 
out from the end of each cell. Note 
the way the leads are shown both on 
the loop and the pulled sketch. The 
over-all length of 8 in. is measured 
from inside edge of diamond point. 

Fig. 11 shows a winding card suit- 
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able for commercial repair shops. 
The reverse side can be used to give 
coil dimensions, by using the dia- 
grams in Figs. 1, 6, 7, 8, or 9, ac- 
cording to the type of coil needed. 
Fig. 12 shows a winding card that 
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will be found useful in the winding 
department of repair shops in indus- 
trial plants. This differs from Fig. 
11 in that the motor data are given, 
and also the connection and coil pitch. 

The card in Fig. 11 is shown filled 
in for a flat, diamond-mush coil. The 
data indicate that the coils are 
wound with 27 turns of two No. 17 
s.c.e. wires in parallel. The number 
of reels gives the number of wires 
in hand. The wires per sleeve is 
also the number of wires in parallel 
per single coil. The number of colors 
of sleeving is a multiple to use to de- 
termine the total number of single 
coils. In this case it is, 24 coils X 1 
= 24 single coils. In Fig. 12, 24 
coils are shown and two colors of 
sleeving or, 24 X 2 = 48 single 
coils or bars. 

Fig. 12 is filled out for a flat mush 
coil having 48 single coils. In this 
case 24 single coils are wound with 
four turns and 24 single coils with 
three turns, there being two wires in 
hand and one wire in parallel per 
single coil. The three and four 
turns are obtained by winding three 
turns with two wires in hand, and 


Fig. 19—This form provides for all 
necessary data needed in connection 
with induction motor coils and 
types of windings. 


The form is filled out for a 220-440- 
volt winding on a three-phase, 60-cycle 
1,200-r.p.m. induction motor. 
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then cutting one wire and putting 
on the fourth turn with one wire. 
A red sleeve should be used for the 
start and finish of the four-turn 
coils. This enables the armature 
winder to connect the leads to the 
commutator in the proper sequence: 
namely, 3, 4, 8, 4, etc. 

Before describing other types of 
mush coils, winding terms and meth- 
ods of checking them will be defined. 

Conductor—This will be consid- 
ered as a single wire or bar. A con- 
ductor may also be composed of 
a number of adjacent wires or 
(strands) in parallel. For example, 
a flexible cable consisting of 40 No. 
19 wires is a conductor, and each 
single No. 19 wire is a strand; or 
the cable is a conductor having 40 
strands in parallel. 

It is important to get the full 
meaning of the term conductor, since 
this represents the total current- 
carrying medium of any one single 
coil. This conductor may be a single 
round or square wire, a ribbon wire 
or a number of wires in parallel; 
hence the reason for expressing the 
conductor for each single coil as the 
number of wires per sleeve. 

Strand—This can be defined as a 
single unit or wire of a conductor. 
Consider a single coil wound with 
15 turns of three No. 14 d.c.c. wires 
in parallel. In this case the con- 
ductor is three No. 14 wires and the 
strand is one No. 14 d.c.c. wire. 

Single Coil—This can be defined 
as any one coil having one or more 
turns of any size conductor. Fig. 13 
shows a one-turn, single coil for a 
lap winding, a.c. or d.c. Fig. 14 
shows a two-turn, single coil for a 
lap winding, while Fig. 15 shows a 
one-turn single coil for a wave wind- 
ing, and Fig. 16 shows a two-turn 
single coil for a wave winding. The 
small circle surrounding one coil 
side indicates that the conductors 
enclosed are all in the same slot. 

From the rules given above it 
should be understood that a single 
coil can be wound as 27 turns of two 
No. 14 wires in parallel, or the coil 
can be wound from two reels, with 
two wires per sleeve. If the wind- 
ing data read “27 turns, No. 14 
d.c.c. wire, coils wound from two 
reels, one wire per sleeve,” this 
would mean that we have two single 
cous per cell or winding unit and 
that each single coil consists of 27 
turns of one No. 14 d.c.c wire. This 
brings us to the meaning of the 
term “winding unit.” 

Winding Unit—The winding unit, 
or number of single coils per cell, 


coils per cell. 


INDUSTRIAL ENGINEER 


may be defined as consisting of a 
number of single coils assembled or 
wound together. This group of sin- 
gle coils is taped together so that 
the armature winder handles a num- 
ber of single coils as one unit; hence 
the term winding unit, or single 
Fig. 17A shows a 
winding unit composed of three sin- 
gle coils, and Fig. 17B shows a wind- 
ing unit of two single coils per cell. 

Fig. 18 shows a form suitable for 
recording complete coil and armature 
winding data. The sketch in the 
upper right-hand corner is used to 
indicate the arrangement of the 
wires in the complete winding unit, 
as well as to give the uninsulated 
and insulated coil sizes. The data 
as filled in are self explanatory. 

The section for leads uses the 
terms, “start, finish,” and “top” and 
“bottom.” This ties in the coil wind- 
er's terms with the armature 
winder’s terms for the coil leads. 
The coil winder thinks of leads as 
starting and finishing ends while the 
armature winder thinks of these as 
top and bottom leads. 

Thus, when the coil man is checking 
the first coil made for the armature 
winder, if the top lead is too long he 
knows that this is his starting lead, 
etc. This form can be used to give 
complete data on d.c. machines and 
for single-phase, commutator, series- 
type armatures. 

Fig. 19 shows a form suitable for 
recording induction motor coil and 
Winding data. 

Another section of this article, to 
appear in an early issue, will deal 
with methods for winding and shap- 
ing mush coils. 


Using Non-Metallic 


Gear Drives 
(Continued from page 553) 


determine the laws governing the 
behavior of non-metallic gear teeth 
so that a formula for use in comput- 
ing designs can be worked out. An- 
other advantage, irrespective of the 
strength, is the increased life of both 
the non-metallic pinion and its mat- 
ing gear, due to decrease in wear. 
The accompanying illustration on 
page 550 gives a fair idea of the 
standard construction of non-metallic 
gearing which has been recom- 
mended and generally adopted for 
gear and pinion construction. The 
keyway is cut through the gear ma- 
terial with the endplate, where used, 
as an additional support. On light 
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Service the endplate is not necessary. 
On gears made up of compressed 
layers of fiber the flange or endplate 
extends entirely to the tip of the 
teeth, as is the case with rawhide 
Pinions. Idler gears are bushed. 
Gears cut from solid board do not 
require support at the tip of the 
teeth. 

All of these fabric-base, non- 
metallic gears may be used for prac- 
tically any industrial service within 
their rating. Reversing service is 
probably the most severe and before 
using them on such service it is ad- 
visable to consult with the manufac- 
turer of the product and obtain his 
advice. Also, it is undesirable to 
have two non-metallic gears mesh to- 
gether as it is not only unnecessary, 
but is uneconomical from a cost 
standpoint. Both gears wear more 
rapidly than when in contact with a 
metallic, cut-tooth gear. 


The manufacturer of these prod- 
ucts will give instructions for ma- 
chining the gear teeth, that is, cut- 
ting speeds and so on, and will also 
furnish tables showing the recom- 
mended rating per inch of face for 
gears of various pitches and num- 
ber of teeth of different peripheral 
speeds in feet per minute. These 
tables are too long to be reproduced 
here. l 

Fabric-base pinions must be lubri- 
cated with practically the same fre- 
quency as is necessary for metal-to- 
metal gears. For this purpose a 
paste composed of 20 per cent 
graphite and 80 per cent liquid shel- 
lac or a stiff paste of graphite and 
vaseline or machine oil is recom- 
mended. Any good graphite grease 
will be satisfactory if its viscosity is 
sufficient to maintain a film over the 
surface of the tooth. One manufac- 
turer has put out a self-lubricating, 
non-metallic gear material which it 
has graphite impregnated in it. 

Epitor’s Nore: Acknowledgment is 
made to the following companies for 
illustrations and information used in 
the preparation of this article: Bake- 
lite Corp., New York, N. Y.; Boston 
Gear Works, Norfolk Downs, Mass.; 
Continental Fibre Co. (Contex), New- 
ark, N. J.; the Chicago Rawhide Mfg. 
Co., Chicago, III.; Diamond State 
Fibre Co. (Celoron), Bridgeport, Pa.; 
Fibroc Insulation Co. (Fibroc), Val- 
paraiso, Ind.; Foote Bros. Gear & Ma- 
chine Co., Chicago, III.; Formica In- 
sulation Co. (Formica), Cincinnati, 
Ohio; General Electric Co. (Fabroil, 
Textoil, and Textolite), Schenectady, 
N. Y.; Horsburgh & Scott Co., Cleve- 
land, Ohio; National Vulcanized Fiber 
Co., Wilmington, Del.; and Westing- 
house Electric & Mfg. Co. (Micarta), 
East Pittsburgh, Pa. 


I’m looking for information 


and I’m willing 
to pay for it 


HERE is an old saying to the 
Tae that, so far as his life 

work is concerned, no one can 
stand still—he must either progress 
or go backward. This is just an- 
other way of saying that when one 
stops going forward he starts to go 
backward, and the truth of this ap- 
plies to business organizations and 
nations fully as well as to individ- 
uals. 

Consequently, it is a good thing to 
sit down occasionally, say once a year 
or so, and sort of take stock of our- 
selves both as to our personal affairs 
and from the standpoint of our ac- 
complishments as busy men who 
have very definite and indispensable 
duties to perform in the operation 
of that enormous machine which we 
call Industry. 

Every year we spend many mil- 


lions of dollars for new equipment to 
build new plants, increase produc- 
tion, or replace damaged or obsolete 
equipment. At the same time we 
are constantly testing and experi- 
menting to find the best tools and 
methods of accomplishing certain 
desired results. And so the end of 
each year finds, or should find, us a 
little closer to our goal, and with a 
greater stock of information based 
on the results of our work. Further- 
more, each of us has learned a good 
many things that other operating 
men would like to know, and could 
use to good advantage. 

I want to find out what you have 
been doing and the results you 
have obtained; so the Editors have 
authorized me to offer several prizes 
for the best records of accomplish- 
ment. 


Here’s the story 


VERY reader of INDUSTRIAL 

ENGINEER is invited to tell what 
he has done within the past two years 
to cut operating and maintenance 
costs, improve operating conditions, 
solve operating problems, increase 
production: in other words, what 
worthwhile improvement have you 
made and what are the results ob- 
tained from it? 

A first prize of $50 will be paid 
to the one who sends in what the 
Editors consider is the most helpful 
and striking record of what has 
been done. A prize of $25 will be 
given for the next best account, and 
a prize of $15 for the third. Letters 
which do not win prizes will be con- 
sidered for publication at our regular 
rates. 


N JUDGING the manuscripts 
neither length nor style of writ- 


ing will be considered, nor will the 
amount of savings made necessarily 
be the deciding factor. The awards 


‘will be based on the general value of 


the results obtained, from the stand- 
points of the savings made and the 
improvement in operating conditions, 
the soundness of the idea, the in- 
genuity with which it was conceived 
and executed, and its applicability 
to other industrial] plants. 

For example, you may have im- 
proved operating conditions by 
changing from individual drive to 
group drive, or vice versa, or made 
a saving by replacing obsolete elec- 
trical or mechanical power drive 
equipment with more modern and 
efficient devices that reduce labor 
and require less maintenance. 

Perhaps you have saved time and 
money by eliminating troublesome 
and expensive production delays due 


*$50 for the best record of accomplishment. 
$25 for the next best record. 
$15 for the third best record. 
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to poor or improperly applied oper- 
ating equipment. 

Again, you may have cut main- 
tenance and repair costs by putting 
in better testing and repair equip- 
ment, so that you can detect troubles 
before they become serious, and do 
better repair work. 

Or possibly you have effected 
worth-while economies by changing 
your methods of scheduling and 
handling the work, so that a better 
job can be done with greater effi- 
ciency. 

These are only a few of the ways 
in which plant operation has been 
improved and operating costs re- 
duced. 

Make your story brief and con- 
cise, but go into enough detail to 
show clearly what the previous con- 
ditions were, what changes were 
made, the cost of these changes, the 
savings made, and the general 
nature and value of the results ob- 
tained. If you can send photographs 
to illustrate your story, do so. The 
contest closes Jan. 7, 1927. Ad- 
dress all letters to Contest Editor, 
INDUSTRIAL ENGINEER, McGraw-Hill 
Publishing Company, Tenth Ave. at 
36th St., New York, N. Y. 


ERE is a good chance to win a 

prize and help other plant men 
by giving them the results of your 
experience in solving important 
problems that are of mutual inter- 
est. Check over what you have ac- 
complished and then send in your 
story—NOW. 


Goir GAC 


— 
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Light Utilization Has Lagged in the 
Parade of Progress 


F WITH one eye we view in our imagination the 

tremendous improvement in light production during 
the past century and with the other eye we view the 
progress in light utilization, it becomes evident that the 
former has outstripped the latter. As much light can 
be purchased now for one or two cents as could be 
bought a century ago for a dollar, assuming no change 
in the purchasing power of money. On this basis the 
workman should have at least 50 foot-candles upon his 
work today, for his predecessor a century ago certainly 
had no more than 1 foot-candle. (The latter would be 
the illumination supplied by an ordinary candle upon a 
surface one foot distant and perpendicular to the direc- 
tion of the light rays.) 

As a matter of fact the average worker of today is 
supplied only a few foot-candles. The purchasing power 
of money is now only a fraction of what it was a century 
ago. Furthermore, the standards of living and working 
are at present much higher than they were a hundred 
years ago. These last two reasons might well demand 
an increase of five or ten times in the quantity of light 
upon the work. 

Taking all these factors into consideration we might 
conclude that work places at the present time should be 
illuminated to an intensity of several hundred foot- 
candles, if lighting is to have its proper place in the 
parade of progress. 

There would be no point to this argument if lighting 
indoors were up to the level which is economically pos- 
sible and optically desirable. However, it is far below 
the best level, and its progress has been inhibited by a 
lack of appreciation of the foregoing. The situation is 
the more inexcusable because it has been definitely 
proved that good lighting not only pays for itself in 
greater production, reduced spoilage, increased safety, 
and better morale, but, in addition, usually pays very 
good dividends. 


— — ——_—— 


Money Well Spent May Be Money Saved 


N THEIR attempt to make what they consider is a 

“good showing,” operating executives sometimes fall 
into the error of hesitating, or refusing, to spend any 
money for new equipment or other betterments until it 
becomes absolutely necessary to do so. Frequently the 
management either fosters or is responsible for this 
attitude. 

However it originates, the inevitable result is that 
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obsolete or worn-out equipment is patched up and care- 
fully nursed along year after year in the effort to keep 
it in service long after it should have been junked. 
When compared to the price of a new piece of equipment, 
the cost of one repair job may not be very large. Never- 
theless, when the total cost of the maintenance attention 
required over a period of two or three years is added 
up, the result may be interesting, if not pleasing. Fur- 
thermore, this does not take into consideration the cost 
of production delays that have been occasioned by shut- 
downs due to failure of the equipment, nor the savings 
in labor or increases in production that could be made 
without difficulty by the use of up-to-date and more 
efficient devices. 

True economy in the expenditure of time, money, labor 
or any other thing of value is highly commendable and 
should be practiced at all times. However, refusal to 
spend money for new equipment that will save labor, 
increase production, or cut operating and maintenance 
costs is by no means economy. Nor does the way of 
economy lie in neglecting equipment now in use until 
failure makes extensive repairs imperative. 

The most expensive man around a plant is not neces- 
sarily the one who spends the most money in discharging 
his duties properly. In the long run, the most expensive 
man is likely to be the one who causes his employer to 
spend a dollar, while he is trying to save 75 cents by 
neglecting to keep the equipment under his care in good 
condition, or continuing to operate it after it has out- 
lived its period of real usefulness and becomes a liabil- 
ity rather than an asset. 


Are You and Your Men Taking Advantage 
of the Public Library? 


ECENTLY, a prominent plant engineer who has a 
force of several hundred men under his general 
direction stated that so many of his men stop studying 
and learning more about their work that he has difficulty 
in obtaining a properly trained supervisory force with 
sufficient technical knowledge. 

This executive, like many others with a similar prob- 
lem, encourages his men to take correspondence or night 
school work and to read the technical or trade journals 
and books covering their activities and industry. Asa 
result, practically every man who has had a technical 
education or two years of correspondence or night 
school work has the equivalent of a foreman’s position, 
or better. 

In addition to these schools the advantage which the 
local public library offers should not be overlooked. 
Practically all of our cities and industrial centers have 
public libraries whose resources are free to all and which 
offer a path to education that need not exclude any other 
activity, but which may accompany it and make it more 
valuable. Self-education by this means need not be 
pursued in any set or rigid form, but may be obtained 
as fast or as slowly as each individual desires, or time 
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and energy permit, and be as specialized or general as 
needed. j 

One of the important directions of growth of the pub- 
lic libraries of our cities has been in the development of 
scientific, technological and economic divisions. These 
departments are, in many cases, staffed by technical 
experts. The public library can be a valuable guide to 
the modern worker and executive seeking an acquain- 
tance with those fields of knowledge essential to an 
understanding of, and wide participation in, our indus- 
trial society of today. 

There are, of course, many books and periodicals 
which these men should receive and own, but much 
special information is often required for reference that 
the average man needs and does not feel that he can 
afford to purchase. 

The thinking operating executive who is looking to 
the future will do well to call this source of free infor- 
mation to the attention of his staff, and may find that 
he, too, can use it profitably. 


Make a Plant Engineer Responsible 
for All Equipment 


HE vice-president of an old and nationally-known 

organization recently made the following statement: 
“A few weeks ago I hired a Plant Engineer and have 
given him complete charge of the electrical and mechan- 
ical equipment in our plant. I am paying him a mighty 
good salary, but if he does not pay his salary twice over 
in savings, I shall be very much surprised. A Plant 
Engineer is one of the best investments that any plant 
can make.” 

The executive whose words are quoted above has come 
up through the operating end, and made an enviable 
record in the capacity of Plant Engineer for several 
large firms, before his present connection. His views 
on plant operation can be accepted as those of an 
authority. 

Every industrial plant of any size contains a large 
amount of electrical and mechanical equipment that 
must be inspected, kept in good condition, and occa- 
sionally shifted around. Every year a certain amount 
of this equipment has to-be replaced, for one reason or 
another. Again, in most plants new equipment is 
continually being purchased to increase productive 
capacity. 

All this work naturally brings up a thousand and 
one operating problems and questions that must be in- 
vestigated and answered correctly, or trouble and loss of 
efficiency will be the result. In addition to this more 
or less routine work, there is a constant need for special 
investigations and studies bearing on the application 
and operation of equipment under the conditions ob- 
taining in each plant. 

No executive who is trying to handle all of these 
details along with other important work can hope to 
make a good job of it. Nor does the rather common 
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practice of making one man responsible for the elec- 


. trical equipment and another for the mechanical, always 


work out to the best advantage. 

Shifting of responsibility and arguments arising from 
the conflict of individual preferences and opinions do 
not make for high operating efficiency and freedom from 
serious operating troubles. These conditions can be 
avoided, however, by centering responsibility for all 
equipment in one man, and holding him accountable for 
operating results. 


Building a Force of Assistants for 
Future Plant Programs 


N REPLY to a question on how he quadrupled his 
force within a few months, the Electrical Engineer of 
one large industrial plant recently said: 


Each of my assistants in charge of the different construc- 
tion and maintenance gangs has been promoted from the 
ranks. Several years ago I saw that, eventually, the entire 
plant must be reconstructed, which would mean a lot of 
work for my department over a period of several years. To 
have a supervisory force trained in our methods and prac- 
tices when that time came was my big problem. Therefore, 
I encouraged the men to take up night or correspondence 
school work, and urged the technically-trained men in my 
department to pursue their studies further. The most prom- 
ising individuals were shifted about, to give them wider 
experience. 

In addition, each man was urged to ask questions on any- 
thing he did not understand, and to offer suggestions on his 
work. My first assistant or I held frequent conferences 
with these men on general subjects and would even stay 
after hours to explain technical questions or company prob- 
lems, when the explanation would be too lengthy to give 
during working hours or was of particular interest to only 
one or two men. Especially were we careful not to create 
that high and mighty attitude of superiority which some 
so-called executives think is so necessary to preserve their 
dignity. 

In other words, our problem was not to demonstrate that 
we were boss—the men knew that—but to help and en- 
courage them to do and learn more. Our method has evi- 
dently proved successful because these men are most en- 
thusiastic in carrying on for us and we are getting the work 
done the way we want it, which might not be the case if it 
had been necessary to obtain foremen and other assistants 
from the outside. 


There is a good deal to think about in the words of 
this plant executive. First, the true executive carefully 
distinguishes between having men work with instead of 
for him, and he recognizes that this is obtained only 
through his attitude toward the men. Also, many other 
industrial plants must face similar problems of rehabili- 
tation to bring an old plant into shape to meet present- 
day competition. 

Industrial operating executives upon whom this task 
will fall should be laying their plans for this work, with 
particular attention toward how they are going to build 
their force. Wire, conduit, motors, belts, pulleys, line- 
shaft and the other supplies necessary can be purchased 
when needed. The men who are to supervise the details 
of these rehabilitation programs cannot be so easily 
obtained. The best are usually developed through care- 
ful training and coaching in the plant in which they are 
working. 
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Who Can Answer 
These? 


Rotor Winding of Slip-Ring Motor—I am 
changing the stator winding of a 36-hp., 
wound-rotor induction motor from three 
Phase to two phase. Will it be necessary 
to rewind the rotor of this motor? If so 
how should I go about laying out the 
new winding and what form should it 


take? If it is unnecessary to change the 
winding, please tell me the reason 
therefore, 

Los Angeles, Cal. B. K. W. 


Type of Valve Best Suited for Long Service. 
—1 would like to know whether a gate 
valve, a globe valve, or a changeable 
disk valve is best suited for long service 
when used in the following applications: 
(1) Cold water at ordinary water pres- 
sure. (2) Low-pressure hot water. (3) 
Low pressure steam, (4) Steam at pres- 
sures ranging from 100 to 250 pounds. 
I will greatly appreciate any information 
that readers may give me in this regara, 
Ilion, N. Y. M. 


Effect of Altitude on Capacity of Genera- 
tors.— Will some reader tell me the effect 
of altitude above sea level on the capac- 
ity of electric generators? We often 
contract to install electrical apparatus 
at altitudes of about 12,000 ft. above sea 
level and would like to know how much 
the een acorn should be derated. The 
A. I. E. E. Standardization Rules specify 
derating in regard to temperature 
guarantees, but we would like to know 
the equivalent in capacity as expressed 
in kw. or kva. rather than in tempera- 
ture rise. 
Lima, Peru. A. B. 


Manipulation of Wire Cables—I am in 
charge of the electrical and mechanical 
maintenance of a large plant and because 
of this I have considerable to do with the 
elevators in the plant buildings. I feel 
the need of more information regardin 
the manipulation of wire cables as use 
on elevators, hoists, and cranes. Specifi- 
cally, I would like detailed information 
on how to go about recabling an elevator 
or crane hoist, including directions for 
shackling, seizing, and resocketing. Any 
hints or kinks that readers can give me 
rogarding the methods of handling steel 
cable around the equipment mentioned 
will be very much appreciated. 

St. Paul, Minn. D. H. C. 


Method of Removing Wires From Semi- 
Closed-Slot Motors.—I shall appreciate it 
very much if some of the readers will tell 
me the best way to strip the stators of 
small series motors having semi-closed 
slots. I have seen a great many repair 
shops burn the insulation so that the 
wires come out easily. Does this in any 
way damage the iron or the insulation 
between the laminations? Can you ad- 
vise me of a better method? Also, I 
should like to know the number of dip- 
pings and bakings that are necessary to 
make a first-class job on a motor. 
Rome, Ga, M. S. C 
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. 
Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


Heating of Fan Motor—I have rewound 
a 16-inch desk-fan motor, using a coll 
span of 1-and-3 instead of the former 
coil span of 1-and-6, and using the same 
number of turns, coils, and size of wire 
as formerly used. The motor now oper- 
ates at a normal speed of 1,750 r.p.m., 
but becomes abnormally hot within a few 
minutes after starting. Most of the heat 
seems to come from the stator iron rather 
than from the coils themselves. What is 
the cause of this and how can it be 
corrected, keeping the present 1-and-3 
slot winding? The motor is of the split- 
phase type, having four poles, 24 slots, 
and 24 coils with 58 turns of No. 24 
single cotton-covered enameled wire tor 
coll. It is rated at 110 volts, 60 cycles. 
The original winding had a coil span of 
l-and-6, 83% r cent pitch. I shall 
greatly appreciate any information that 
readers may give me on this problem. 
St. Louis, Mo. T. A. B. 


Effect of Doubling Speed of Lineshaft.— 
We have a lineshaft operating at 250 
r.p.m., driving a number of woodwork- 
ing machines. I am considering doubling 
the speed of this lineshaft; that is, in- 
creasing it to 500 r.p.m. This will give 
a better belt drive from the motor to the 
lineshaft, as then I will not need to use 
so small a motor pulley. Also, a number 
of the pulley ratios from the lineshaft to 
the jackshaft will be changed, as I am 
going to increase the speed of most of 
the machines only about 30 to 50 per 
cent instead of doubling them. There is 
no noticeable vibration in the lineshaft 
at present. As nearly as I can determine 
from computations, however, the shaft 
is well loaded at the present time and I 
should like to know what the effect will 
be when I increase the speed, and 
whether I might have to put in a new 
shaft, assuming that the present shaft is 
carrying full normal load for its size and 
speed. I shall greatly appreciate any 
information that readers may give me 
on this problem. 

Milwaukee, Wis. G. G. K. 


Can Two Single- Phase, Watt- Hour Meters 
Be Connected to Measure Three- Phase 
Power 7—1 should like to know whether 
two single-phase, watt-hour meters can 
be connected so as to measure three- 
phase power. If so, will some reader ex- 
lain the method of connection to use. I 
ave already connected these watt-hour 
meters in the same manner as is used 
with two single-phase wattmeters in the 
two wattmeter method of measuring 
power. With this connection I find that 
at unity power factory both meters run 
at equal speed, while as the power 
factor gets lower one meter will slow 
down and the other one speed up until 
at 50 per cent power factor one meter 
stops entirely while the other is running 
at double speed. If the power factor is 
lowered below 50 per cent the meter that 
has stopped will reverse and run in the 
other direction. I wish some one would 
explain the reason for this, and tell me 
why the meters are affected differently 
instead of being affected in the same 
manner. Specifically, I should like to 
know what takes place in each meter at 
unity power factor, at 75 per cent, at 
50 per cent, and at 25 per cent power 
factor. 
Montreal, Can. W. T. 


Answers Received 
To Questions Asked 


What Size of Belt Is Required for Thie 
Drive?—A 165-hp., 1,750 r.p.m. motor is 
used to drive a punch press. The pulley 
on the motor is 6 in. in diameter and the 
driven pulley is 40 In. in diameter, the 
distance between centers of the motor 
and press pulleys being 15 ft. I wish 
readers would give me some information 
regarding the adaptability of leather 
belts to this drive. Specifically, what 
width of leather should be used to give 
the best results? Should this belt be 
single or double-ply? Would you advise 


the use of some other type of belt and 
if so, what kind and why? 
Rockford, III. R. W. A. 


In regard to the question asked by 
R. W. A., handbooks state that under 
good conditions of operation a belt 
drive can be designed for an effective 
tension of 55 Ib. per inch of width, in 
case a good grade of single leather belt- 
ing is used. R.W.A.’s condition of 
service could not be classed as good, 
however, because the diameter of the 
shaft pulley is quite large compared 
with the 6-in. motor pulley. The ratio 
of the diameter of the two pulleys on a 
belt drive should not be greater than 
6 to 1 for ordinary service. Therefore, 
a more satisfactory belt drive would 
result if it were designed by using a 
tension of 45 lb. per inch of width. 

The size of belt to use is determined 
as follows: To calculate the belt speed 
for a pulley, multiply the diameter of 
the pulley in inches by 3.1416 and then 
multiply by the number of revolutions 
per minute of the pulley; this is to be 
divided by 12 to get the speed in feet 
per minute. Substituting in this for- 
mula the data as given by R.W.A.: 

(6 X 3.1416 X 1,750) 12 = 
2.750 f.p.m. approximately. 
The width of the belt required to trans- 
mit 15 hp. is determined by the for- 
mula: W = (88,000 x hp.) — (S x E). 
Substituting gives (33,000 x 15) + 
(2,750 X 45) = approximately 4 in. as 
the belt width. In this formula hp. 
equals horsepower transmitted; S 
equals belt speed in feet per minute; E 
equals the effective tension in pounds 
per inch of width. I believe that a 
single-ply, 4-in. belt should be used be- 
cause a double-ply belt would be too 
stiff to wrap well around the pulley. 
If a belt does not wrap well on the 
pulley, the effective pull is reduced and 
if loaded up to its full capacity it is 


likely to slip. E. E. SIGEL. 
Robertsdale, Pa. 
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Without going into detail concerning 
the computations incidental to deter- 
mining the proper size of belt for 
R.W.A.’s punch press drive I had esti- 
mated that a 4-in. singie belt made of 
special, mineral-tanned leather should 
be used. The advantage of using spe- 
cial, mineral-tanned leather is that this 
material is highly elastic and yet does 
not slip, which makes it ideal for punch 
press work. Single-ply leather is usu- 
ally preferable wherever it can be used 
because it will transmit more power 
per dollar of first cost, as well as hav- 
ing a lower ultimate cost. 

However, I decided to ask a belt en- 
gineer for his opinion on this drive. 
He said that on a drive such as de- 
scribed there is considerably less than 
180 deg. arc of contact on the 6-in. 
pulley. Also, the belt must be capable 
of withstanding the shock and accelera- 
tion encountered in punch press service. 
In addition, all motors are capable of 
carrying a 50 per cent overload so as to 
withstand these momentary shock loads. 
Therefore, he states that it stands to 
reason that a 4-in. single belt is out 
of the question and that nothing less 
than a 5-in. double belt shou'd be used. 
I believe that these two opinions will 
indicate to R. W. A. the difficulty in- 
cidental to specifying a belt drive ac- 
cording to book formulas without con- 
sidering the operating service. 

Newark, N. J. W. F. ScHAPHORST. 


In his question R. W. A. has not given 
complete data and consequently in dis- 
cussing it, it is necessary to assume 
certain factors; namely, that the drive 
is horizontal and the tight side is on 
the bottom strand. 

The first comment we would then 
make is that the 15-ft. center distances 
is certainly maximum for the width 
of belt which would be required. Also, 
the pulley ratios are high. The 6-in. 
driving pulley is small for the drive 
and so does not give a large amount 
of belt surface in contact on the driving 
pulley. Because of the operating char- 
acteristics of the punch press, other 
concessions, or allowances, are neces- 
sary also. 

Our recommendation for the belting 
of this drive would be a 6-in. double 
leather belt, approximately 16/64 in. 
thick. In suggesting this width of be't, 
the efficiency correction for the drive 
and the overload capacity of the motor, 
as well as the operating characteristics 
of punch presses. are taken into con- 
sideration. CLAUDE O. STREETER. 
Mechanical Engineer, 


Graton & Knight Co., 
Worcester, Mass. 


L e s s 


The accompanying drawing shows 
the transmission layout for R.W.A.’s 
punch press problem, in which he asks 
about the drive leading from the motor. 
The exact location of the motor, 
whether on floor, ceiling or a wall 
bracket, does not affect the case. 
[NorE: Where the center line of the 
drive is at an angle of over 40 deg. 
from the horizontal allowance must be 
made in computing the power trans- 
mitted, particularly when the small 
pulley is located below. — EDITors. ] 
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Two methods of obtaining the solu- 
tion are possible. The first, and sim- 
plest, is to use the width of belt for 
which the press pulley was intended. 
Thus, if the press pulley has a 7-in. 
face, a 6-in. belt would be installed. 
It is safe to assume that the maker of 
the press equipped it with a pulley of 
such size as would be ample to power 
it up to the safe capacity of the ma- 
chine. Also, it was his duty to supply 
the press with a flywheel of such 
weight and diameter as would carry the 


This shows the layout of the drive 
for a punch press, under the condi- 
tions given 


peak load without undue slippage of 
the belt. 

The second solution is obtained in a 
more theoretical manner. A 6-in. pul- 
ley on a 1,750-r.p.m. motor drives the 
belt at about 2,750 f.p.m. That is a 
definite starting point and the other 
calculationg have to do with that belt 
speed, the effective tension of a belt at 
that speed, and the arc of contact on 
the motor pulley. Every handbook and 
practically all belt makers’ catalogs 
give tables from which this data may 
be selected, once the layout has been 
plotted as per the accompanying draw- 
ing and the belt speed determined by 
calculation. 

Formulas will obtain the same results 
but are somewhat slower than the use 
of tables. The following discussion 
contains the answer to the problem 
without going into methods. 

The allowable “effective tension” for 
a belt at 2,750 f.p.m., as given in my 
tables, is 67 lb. per inch of width, when 
the arc of contact on the small pulley is 
180 deg. The effective tension is the 
pulling power of the driving or tight 
side of the belt minus the tension in 
the loose side. This tension should not 
be so high as to stretch the fibers to 
any serious degree. By tables or for- 
mulas, the arc of contact on the motor 
pulley is found to be only 169 deg. and 
this lessens the grip of the belt. So, 
taking the factor for 169 deg. (which 
is 0.97) the safe effective tension is 
0.97 x 67 lb., or 65 lb. per inch of 
width for ordinary 16- to 18-oz. single- 
ply leather belting of good grade. 

From the above data, the width of 
belt to use is easily determined by the 
formula which gives the width as the 
result of dividing the product of the 
horsepower and 33,000 by the product 
of the effective tension and the belt 
speed. The result in this case is 2.75 
in.; hence, a 8-in. belt could be used. 

Insofar as the kind of belt to use is 
concerned, the best of satisfaction, I 
believe, would be obtained from a first- 
quality leather belt. If this be't is not 
cut from the plant stock, the purpose 
for which it is to be used should be 
stated when ordering the belt. Prob- 
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ably a belt maker would recommend 
a wider belt, say 34 or 4 in. It is 
better to be over-belted than under. 

The data given for the problem are 
rather insufficient. Just why a 15-hp. 
motor is used is not stated. It may be 
that this is a spare motor on hand, or 
perhaps the manufacturer of the punch 
press recommended that size. If the 
machine is a new one, undoubtedly the 
motor size has been given and all re- 
lated parts are adapted to the work. 
If the punch is second hand, there 
may have been alterations in flywheel 
and pulley sizes that would make a 
good deal of difference in the size of 
belt required. 

If the stroke of the punch were 
given, with information on the amount 
of work, whether cutting or forming 
and what size, then it would be a simple 
matter to check up the flywheel size 
and speed and see if it were carrying 
its share of the belt’s load. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


The problem confronting R. W. A. 
is a good example of where an allow- 
ance must be made for the peak load 
or overload. I would say that a 4-in. 
double leather belt of second-quality 
leather would be good enough. A 6-in. 
pulley at 1,750 r.p.m. gives a belt speed 
of approximately 2,800 f.p.m. A load 
of 15 hp. can be transmitted at a belt 
speed of 2,800 f.p.m. and with pulley 
ratio of approximately 1:7 by a first- 
quality single ply leather belt 4 in. in 
width. 

However, as the 40-in. pulley is large 
and heavy the strain on the helt comes 
when starting the machine, and for this 
reason I believe that a double belt 
would be better than a single. A belt 
should be chosen which has good adhe- 
sion because it would be needed to pre- 
vent slipping when starting the heavy 
press. 

R. W. A. can obtain a copy of a cel- 
luloid speed chart of the slide-rule type 
which answers this and similar prob- 
lems providing that the man who works 
the chart will take into consideration 
and make allowance for overloads and 
peak loads. This chart may be obtained 
from the Leather Belting Exchange, 
Philadelphia, Pa., or from any leather 
belt manufacturer who is a member 
of the Exchange. 

Also R. W. A. can solve his problem 
by using the two charts which were 
published on page 270 of the June, 
1925, issue of INDUSTRIAL ENGINEER. 
If he does not have a copy of this issue 
on file, he will find the same tab'e in 
Bulletin R-13, published by the Leather 
Belting Exchange, Philadelphia, Pa., 
which is also available from leather 
belt manufacturers who are members 
of the Exchange. By consulting the 
charts opposite page 24 in Bulletin 
R-13, he will see that a light double 
belt at 2,800 f.p.m. transmits 6.53 hp. 
per inch of width. Because of the 
operating conditions this would have 
to be multiplied by 0.74 as a factor 
which gives the actual rating under 
these conditions of 4.8 hp. per inch of 
width. It would not be necessary to 
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use the best quality of leather belt 
(which is cut from the hide in the sec- 
tion next to the backbone), as second- 
quality leather belt (cut from strips 
next to the first-quality belting) will 
have a power-transmission capacity of 
19.2 hp. for a 4-in. belt, which is plenty 
to allow for the peak load. In addi- 
tion, this belt would have an overload 
capacity of at least 50 per cent or more. 
We do not believe that a high-priced 
belt would be absolutely necessary on 
this drive as long as it is of good qual- 
ity double leather. J. R. HOPKINS. 
Chicago Belting Co., 
Chicago, III. 

+ + * * 


R. W. A. could use the following 
short, practical method of determining 
the width of a leather belt required for 
a given horsepower which, however, 
does not take into consideration the cen- 
trifugal force on high-speed belts. 
Single leather belts 1 in. wide operat- 
ing at 800 r. p. m. develop 1 hp. with a 
belt contact of a 180 deg. on the pulley. 
On this basis the width W equals: W 
= (hp. x 800) ~ (V x K), where hp. 
= horsepower of motor or power to be 
delivered; V = speed of belt in feet 
per minute; thus, V = (1,750 x 6 x 
3.1416) -- 12 = 2,750 f.p.m. approxi- 
mately. A = factor depending upon 
arc of contact taken from the accom- 
panying table. 


Belt Contact 


Degrees Factor K 
x 180 1.0 
«157.5 0.92 
x 135 0.84 
112.4 0 76 
90 0.64 


The are of contact 4 is obtained 
approximately by the formula: A = 
181 — [60 (D-d) — LI; where D = 
diameter of large pulley in inches; d 
= diameter of small pulley in inches; 
and L = distance between pulley cen- 
ters in inches. Therefore, A = 181 — 
[60 x (40-6) — 180] = 169.7 deg. The 
nearest value of K from the table is 
0.92. Then W = (15 x 800) ~ (2.750 
x 0.92) = 4.73 in. A 5-in. be't would 
be used. 

Oak-tanned leather belting is most 
generally used for driving punch 
presses. Although better results are 
obtained by using narrow, thick belts. 
as compared to wide, thin belts, it is 
not advisable to operate double belts 
around pulleys less than 12 in. in diam- 


eter. E. H. LAABs. 
Engineering Department, 

The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 


* * * * 


The following is my solution of 
R. W. A.’s problem. The first step is 
to determine the speed of the belt in 
feet per minute by the formula: (3.14 
xX diameter of pulley in inches x 
r.p.m.) + 12 = (3.14 x 6 x 1,750) + 
12 = 2,748 f.p.m., or approximately 
2,7150 f.p.m. The next step is to find 
the arc of contact of the belt on the 
smaller pulley thus: 180 — 4.75 (dif- 
ference in diameter of pulleys in inches 
— center distance in feet) = 180 — 
4.75 X (34 + 15) = 180 — 10.69 = 
169.31 deg. or approximately 170 deg. 

The allowable effective tension per 
inch of width of single and double belts 
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of different thicknesses, with 180-deg. 
arc of contact as taken from the 
“Standardized Belt Manual,” Bulletin 
102, issued by The Graton & Knight 
Mfg. Co., Worcester, Mass., is given 
in the following table. 


Single Leather Belts 
Thickness Effective 


in 64th of Tension in Lb. 
of an in. per in. in width 
7-10 44 
10-12 49.5 
12-14 44 
Double Leather Belts 
16-18 70.4 
19-21 79.2 
22-24 88. 


The problem now consists of select- 
ing a weight or thickness of belt which 
my experience would lead me to believe 
is satisfactory for this drive, and then 
checking this selection by substituting 
the value of the tension and other data 
in the formula to determine width. 

From my experience I would assume 
that a 12-14/64-in. single leather belt 
could be used. The allowable effective 
tension is 55 lb. per in. in width with 
180-deg. arc of contact. A smaller arc 
would permit less effective tension. In 
this case the usable effective tension 
would be approximately 55 x (170 + 
180) = 51.9 lb. 

The width of such a belt is deter- 
mined by the formula, Width = (33,000 
x horsepower transmitted). (effec- 
tive tension in pounds per inch of width 
x speed of belt in f.p.m.) = 33.000 x 
15) — (51.9 x 2,750) = 3.48 in. wide. 
I wou'd use a 4-in. single leather belt 
12-14/64 in. thick. I do not know the 
width of the pulleys, but if they could 
take a wider belt it might be well to 
repeat the computations with a thinner 
single belt because the thin belt would 
work more satisfactorily over the small 
pulley. The belt should be at least 1 
in. narrower than the face of the pul- 
ley. 

The Graton & Knight “Standardized 
Belting Manual” gives many helpful 
rules and formulas on leather belts 
and belt drives. W. P. IWEN. 


Iwen Box & I umber Co. 
Pine Island, Minn. 


* * * * 


In reply to the question of R. W. A. 
I offer the following solution: Correct 
belt application depends upon several 
factors; namely, speed, thickness, 
width, the arc of contact between the 
smaller pulley and the belt, the ma- 
terial of which the belt is made, and 
the kind of pulleys employed. The 
speed of a belt for ordinary purposes 
shou'd range from 3,000 to 5,000 f.p.m. 
The operating speed in this case is de- 
termined by the formula: (3.1416 x 
d X s) + 12, where d = diameter of 
motor pulley, and s = speed in r.p.m. 
of motor pulley. 

For rugged service with 15-ft. pulley 
centers a double belt is preferable to a 
single belt. The width must be great 
enough to stand the pull of the load 
and be narrower than the pu'ley face. 
For pulleys of the above-mentioned di- 
mensions the are of contact is ample 
to minimize slipping. Leather should 
prove adaptable for a punch press drive 
and will be the material considered in 
these calculations. 
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A simple formula that is usable for 
most belt problems is as follows: W = 
(33,000 x hp.) — (P x V), where hp. 
= horsepower; V = belt velocity; P = 
effective pull per inch of width. For 
single belts, use P as 35 lb. per inch 
in width, while for double belts 70 lb. 
may be allowed. V = (r X d X 8) = 
12 or (3.1416 x 6 x 1,750) + 12 = 
2,748.9 or, for practical calculations, 
2,750 f.p.m. Substituting this -value in 
the formula for width we have: W = 
(33,000 x 15) + (70 x 2,750) = 2.57 
in. Instead of using a 2%-in. double 
belt I would use the next size larger 
which would be a 3-in. double belt. 
Schenectady, N. Y. JOHN B. RAKOSKE. 


* * * * 


Where Should I Use This Kind of Wire? — 
Most manufacturers of wire for use in 
house wWiring and in industrial plants 
make three kinds of wire: a Code wire, 
an intermediate grade and a 30 per cent 
rubber compound grade. I should like to 
learn from other readers whether they 
use all three grades around their plants 
and if so, the basis on which they devide 
the grade that shall be used for a cer- 
tain application. Do you find any of 
these grades unsuited for industrial plant 
use? I shall appreciate any information 
that you can give me regarding the 
proper application of these three grades 
of wire. 

B. S. 


Newark, N. J. 

In the October issue of INDUSTRIAL 
ENGINEER there is given an answer to 
a question asked by B.S., regarding 
different kinds of insulation of wire 
and the conditions under which each 
should be used. I do not agree with 
some of the statements in this answer 
to the question asked by B. S. 

Code wire is not of the highest 
quality, as would be believed from this 
answer, but represents wire that will 
pass the comparatively easy tests re- 
quired by the Fire Underwriters. 

What, in the question and its answer, 
is referred to as “30 per cent rubber 
compound grade” would be better 
designated as 30 per cent Para or 
Hevea rubber. The rubber compound 
containing that proportion of the grade 
of rubber specified is, when properly 
made, the highest type of rubber insu- 
lation. 

The intermediate type generally con- 
tains about 25 per cent of Para or 
Hevea rubber and has insulating quali- 
ties lving between the other two types 
of rubber insulation. 

If you leave the wiring of your plant 
to a contractor and do not specify what 
kind of rubber insulation he must have 
on the wire, you will get Code wire for 
it is the cheapest that will pass the 
Underwriters’ requirements. If you 
want the best type of insulation, either 
because you cannot afford to have shut- 
downs on account of breakdowns of the 
wire, or if you have unusually difficult 
conditions to meet, due to dampness or 
special manufacturing processes, use 
the 30 per cent Hevea or Para com- 
pound. If you want something better 
than the Code wire, but do not think that 
you need the very best insulation, or if 
you cannot afford to pay the price 
asked for it, use the intermediate grade 
of insulation. 

I do not mean to insinuate that the 
code wire is not good. It is good, but 
the intermediate grade is better, and 
the 30 per cent Para is best. 

Westfield, N. J. G. H. McKELWay. 
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Changing Control to Obtaln Lower Motor 
Speed.— The motor on our reversing 
aner drive is a 10-hp., Westinghouse, 
rame 90, type SK, shunt-wound motor 
having a speed range of 250 to 1,000 
r.p.m. We have no spare for this 
motor and when it fails, it is necessary 
to substitute a 15-hp., 400/1,600-r.p.m., 
type SK Westinghouse, shunt-wound 
motor. The automatic control on the 
planer drive is arranged as shown in 
the accompanyin di am. . The Se- 
quence of operation of the contactors 
is shown in the table. In this tabula- 
tion the number of the contactor is 
given in the left-hand column, the Cut“ 
column refers to the cut stroke, the 
“Return” column refers to the return 
stroke, and the “Bk.” column refers to 
the dynamic braking applied between 
reversals. The control is arranged so 
that a low speed is used on the cutting 
stroke and a high speed on the return 
stroke. These speeds are obtained by 
proper adjustment of the shunt-field 
rheostat. When using the 400/1,600- 
r. p. m., 15-hp. motor, the speed of the 
return stroke can be properly adjusted, 
but the cutting stroke is too fast. Full 
field on the motor gives 400 r. p. m., 
whereas a speed of approximately 300 


Can readers tell me 


is desired. 
any way that I can obtain this speed on 
the 15-hp. motor without rewinding it or 


r.p.m. 


changing its flelds? Is it possible to 
obtain satisfactory results with resistance 
in series or in parallel with the arma- 
ture? If so, how much resistance should 
be used, or how should I go about de- 
termining the correct amount? 

Indiana Harbor, Ind. A. R. D. 


In answer to the question asked by 
A. R. D. the speed of a d.c. shunt motor 
may be reduced by decreasing the volt- 
age impressed on the armature. The 
three limitations of speed control, when 
using resistance in series with the 
armature, are: (1) Widely varying 
speeds with changing loads. (2) In- 
ability to reduce the speed with light 
loads. (8) Inability to secure stable 
low speeds. 

It is impossible to state just how 
much resistance should be put in series 
with the armature in order to obtain a 
definite motor speed unless the amount 
of motor current is definitely known. 

For illustration we can consider a 
10-hp., 230-volt, d.c. shunt motor, draw- 
ing 36 amp. from the line, requiring a 
constant torque during the cutting 
stroke on a planer. If the control wir- 
ing is arranged as shown in Fig. 1, so 
that the resistance is in series with 
the armature on the cutting stroke, the 
voltage applied to the armature will be 
reduced by an amount equal to the 
voltage drop across the resistor. This 
drop in voltage is equal to the resist- 
ance of the resistor times the current 
flowing through it or 36 x 1.5 = 54 
volts. The voltage at the armature 
terminals is 230 — 54, or 176 volts. The 
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Fig. 1—Reducing the speed of a 
d. e. shunt-wound motor by insert - 
ing resistance in series with the 
ar mature. 


speed will decrease in direct proportion 
to this applied voltage. The speed is 
then equal to (176 230) x 400 == 
306 r.p.m. If the armature current is 
only 25 amp., then the voltage drop is 
25 X 1.5 or 37 volts approximately. 
The voltage at the armature terminals 
is 230 — 37, or 193 volts. The motor 
speed now equals (193 -- 230) x 400 
or 335 r. p. m. 

In the second case, an armature 
shunt could be used across the arma- 
ture as shown in Fig. 2, but this 
procedure is not recommended by the 
writer for continuous duty as the cur- 
rent losses in the resistors would be 
prohibitive. If the shunt resistance 
method is used, it would be necessary 
to put a back contact on No. 3 switch 
and change the brake resistance, be- 
cause as the shunt resistance is in 
parallel with it while on the braking 
point, the resistance path around the 
armature would be decreased and thus 
cause a stop which would be much 
quicker than ordinary. It is not very 
safe to have this braking current more 
than 300 per cent of the full-load cur- 
rent. By using the armature shunt, it 
is possible to reduce the motor speed at 
all loads, and with light loads a con- 
siderable speed reduction results. When 
the armature shunt is used, it is neces- 
sary to put a series resistor between 
R1 and No. 2 reverse switch, which re- 
sistor will be “in” on the cutting stroke. 

The speed of the motor, when it is 
connected as shown in Fig. 2, can be 
calculated as follows: Armature cur- 
rent = I = 36 amp.; armature volts 
= E, = 176 volts; current through 
shunt = Ea + 17.6 = 10 amp. The 
drop across the series resistor = 1.17 
(I + (Ea + 17.6) ) = 54 volts. Now, 
Ea = 230 — 54 = 176 volts. Current 
through the series resistor equals 36 -+ 
10 = 46 amp. Then, speed equals 
(176 ~ 230) x 400 = 306 r.p.m. 

If A. R. D. desires more information 
concerning resistance shunts, I would 
recommend a book entitled “Principles 
of Electric Motors and Control” by 
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Fig. 2—In this instance the speed 
of a d.c. shunt-wound motor is re- 
duced by connecting resistance 
across the armature. 
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Gordon Fox, published by the McGraw- 
Hill Book Co. 


Foreman, Electric Dept., 
Carnegie Steel Co., 
Mingo Junction, Ohlo. 


E. E. STEAD. 


What Causes Heating of This Cable Box? 
—There are six  1,000,000-cire. mil 
cables connected in parallel per phase 
on the cable run between our 2,000-kw. 
3,000-amp., 480-volt turbo- generator and 
the oil switch. These cables are ouped 
in six conduits, each of which holds one 
cable from each phase, or a total of three 
cables. The conduits terminate in the 
bottom of a sheet-iron distribution box. 
In this box the cables are regrouped so 
that all of the cables from one phase go 
out of the left-hand side of the top of 
the box; all the cables for another phase 
go out through the center of the top of 
the box: and the six cables for the re- 
maining phase go out through the right- 
hand side of the top of the box. With 
this arrangement the entire top half of 
the sheet-iron distribution box heats up. 
What causes this heating and how may 
it be overcome? Should I make the box 
of fiber instead of sheet fron? 
Bellingham, Wash. E. M. D. . 
In answer to E.M.D.’s_ problem, 

the heating is caused by induction. The 
cables for any circuit, when run in 
conduit or where a magnetic ring may 
be formed, should be run as close to- 
gether as possible. When each phase 
wire or eable is run in a separate 
conduit or out of a metal box at any 
distance apart from the other wires, 
both the conduit box and the cable will 
heat. Replacing the metal box with 
one made of fiber will eliminate the 
heating of the box, but will not elim- 
inate the heating of the cables. The 
carrying capacity of the cables is 
reduced by running them in the manner 
that E. M. D. has employed. 


Electrical Engineer. H. E. STAFFORD. 
Provincial Paper Mills, Ltd., 
Port Arthur, Ont., Can. 


* * * * 


If E. M. D. had taken his cables out of 
the box grouped in the same manner 
as they entered the box, there would 
have been no heating because cables 
from each phase would have passed 
through the same hole. This heating 
is not serious on cables or wires carry- 
ing a small current, but when larger 
currents flow this heating effect is more 
pronounced. The heating is caused by 
eddy currents induced in the top of the 
metal box. E. M. D. has no doubt ob- 
served that practically all alternating- 
current magnets are wound on spools, 
made of either brass or steel, and that 
the spool has a small slit through its 
entire length. The object of this slit is 
to prevent the flow of eddy currents 
through the metal. 

The heating encountered by E.M.D. 
may be eliminated by sawing a slit 
from each hole to the adjacent one in 
the top of the box. This would be the 
same as regrouping the cables, so that 
the effect would be the same as though 
all the cables were carried through the 
same hole. It probably would not be 
necessary to saw the slits so that they 
connected one hole to the other, for a 
slit cut a short distance on each side of 
the hole would break up the path for the 
eddy currents to such an extent that 
they would be dissipated by the resis- 
tance of the additional metal through 
which the eddy currents would have to 
flow in order to complete their path. 

As the wires are already installed 
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and in operation, the obvious thing to 
do would be to saw a slit from the 
front end of the box towards each hole 
in the top of the box. This would put 
a slit clear through one side of the top 
of the box, which would, of course, open 
any short-circuited path around the con- 
ductors as they pass through the top of 
the box. 

If this work is done while the cur- 
rent is on, some provision should be 
made to catch the iron dust from the 
saw as it might cause the switches or 
other devices to are across, probably 
doing damage or injuring someone. 
Birmingham, Ala. GRADY H. EMERSON. 


* * * * 


In a recent issue of INDUSTRIAL EN- 
GINEER, E.M.D. asks what causes heat- 
ing of a cable box. There is little 
doubt that this is from eddy currents 
in the iron of the box between the con- 
ductors leaving the box. Temporary 
relief can be obtained by cutting away 
the iron between the openings through 
which the cables pass. 

With heavy alternating currents, iron 
boxes frequently heat. Good practice 
in this case is to substitute copper or 
brass in the construction of the box. 
Transite or asbestos lumber may be 
substituted where there is no moisture. 
Osborn, Ohio, T. H. ARNOLD. 


* * * * 


Charging Storage Batteries — Will some 
reader of these columns please inform 
me how, if possible, I can make up a unit 
to charge small storage batteries from 
a 220-volt, direct-current power supply? 
The storage batteries range from 1 cell 
(2 volts) to 6 cells (12 volts) in poten- 
tial and up to 240 amp.-hr. in capacity. 
Can I charge these batteries from a 
lamp bank? If so, how many and what 
size of lamps should I use, and how 
should they be connected? Any other 
information that readers can give me 
along this line will be greatly appre- 


clated. 
Chicago, III. W. A. B. 


The type of charging set for W. A. B. 
to install will depend on the amount of 
charging that he has to do. If consid- 
erable charging is to be done, a motor- 
generator set will result in the lowest 
annual net cost, but in the event that 
batteries are to be charged only occa- 
sionally, the lamp bank type of charg- 
ing will prove to be the most profitable 
investment. 

When 220-volt lamps are used, the 
current required by a 32-cp. carbon 
lamp is 0.5 amp. and a 100-watt lamp 
requires 0.4 amp. For battery charging 
work, a 32-cp. carbon lamp is prefer- 
able to many types of lamps which are 
more efficient. 

The charging rate of small batteries 
is about 2 amp. and the rate for the 
larger ones is 12 amp. After knowing 
the maximum number of amperes that 
will be demanded from the lamp bank, 
enough lamps should be connected in 
parallel to furnish the required number 
of amperes during the initial charging 
period. The current supplied to the 
batteries can be regulated, when neces- 
sary, by cutting some of the lamps out 
of the circuit. 

There is a type of battery charging 
set on the market, which limits the 
amount of current supplied to the bat- 
tery by inserting a carbon compression 
disk resistance in the line that supplies 
current to the battery. The amount of 
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current supplied to the charging circuit 
is regulated by turning a screw that 
compresses the carbon disks. It has a 
range of 1 to 30 amp. and is mounted 
on a stand with a switch ammeter and 
protecting fuses. 

This device for the charging of bat- 
teries is inexpensive, besides embodying 
the advantages of being compact, easily 
controlled, and quickly adjusted. 


Chief City Electrician, H. J. ACHEE. 
Woodward, Okla. 


ss $ * 


In answer to W.A.B’s. question, I 
wish to submit my ideas on charging 
storage batteries from direct current 
power lines. Where central station 
power must be used, the battery can 
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limit the flow of current in a bat- 
tery charging circuit. 


be charged cheaper in a regular battery 
service station, due to the power lost 
in the resistance bank, necessary to 
limit the current and voltage to the 
rating of the battery, when charging 
from high-voltage lines. 

As the resistance is in series with the 
battery, the battery current must flow 
through it. Considering a 6-volt battery 
on charge at a 10 amp. rate from a 
220-volt line, the voltage across the 
battery will be 74 or 8 volts. The volt- 
age drop across the resistance will be, 
220—8 2 212 volts. Ten amperes flow- 
ing in the resistance results in a watts 
loss of 10 * 212 2, 120 watts, while the 
battery will require only 8x10=80 
watts. 

A 100-amp.-hr. battery fully dis- 
charged would have to be charged for 
at least 12 hr. to charge it, with a loss 
of 2,120 x 12—25,440 watthours or 25.2 
kw.-hr. in the resistance. Power as low 
as 4 cents per kw.-hr. runs the wasted 
energy cost alone to a figure above 
$1.00, while a service station will charge 
a battery in 8 hours for 50 or 75 cents. 

Where plant-generated energy is 
available in large quantities, the fol- 
lowing method may be used to good 
advantage on all sizes of batteries. The 
resistance consists of a number of 
roller springs connected together by 
twisting their ends and mounted on 
solid porcelain knobs on a wood or steel 
frame. 

The connections and adjustments 
for proper resistance values are made 
with adjustable clamps connected to 
flexible leads from the line and battery, 
as shown in the accompanying illustra- 
tion. 

The frame should be mounted in 
a horizontal position so the heat from 
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the springs will go upward without 
going over the balance of the coils, as 
would be the case if the frame were 
mounted in a vertical position as in the 
figure. The springs should be stretched 
so that turns are at the very least 
fs in. apart. 

I have found that 8 springs in series 
will give a wide range of control and 
will pass 10 amp. from a 220-volt power 
supply. The springs will lose their 
temper and stretch if subjected to much 
over 10 amp. unless very good ventila- 
tion is provided. 


Chicago, III. CARL G. HOWARD. 


* * * * 


W.A.B. can make up a unit for charg- 
ing storage batteries by using a lamp 
bank, or the equivalent of a lamp bank 
with resistance tubes mounted in stand- 
ard lamp sockets. It would be much 
better, however, if W.A.B. were to in- 
stall a motor-generator set for this 
purpose because it would be much more 
economical, as the following calcula- 
tions show: 

A 240 amp.-hr. capacity cell has a 
normal 8-hr. discharge rate of 30 amp., 
and should be charged at the rate of 
30 amp. for about 10 hr. With a lamp- 
bank charging outfit the current drawn 
from the 220-volt line would be 30 
amp. Therefore, the energy consumed 
in charging one to six cells would be 
220x30x10 =66,000 watt-hr. or 66 kw.- 
hr. At an assumed cost of 7 cents per 
kw.-hr. the cost of the charge would be 
$4.62. 

If a motor-generator set is used, the 
generator should have a maximum volt- 
age rating of 16 volts; hence at 30 amp. 
output its capacity would be 16x30= 
480 watts of approximately 0.5 kw. A 
1-hp. motor, drawing about 5 amp. at 
220 volts, would be large enough to 
drive the generator. It follows from 
this that the cost of charging with such 
a set would be 5x220x10x0.07 = $0.77. 

If it is assumed that batteries are 
to be charged on a commercial basis, 10 
hours per day for 300 days per year, 
and if we set down $10 and $100 per 
year as representing reasonable values 
of fixed charges for the lamp bank and 
motor-generator equipments, respec- 
tively, we find that the cost of charg- 
ing as assumed is as follows: 

For the lamp bank equipment: 


Cost of power, 300 x 4.62 2 81, 386 per yr. 
Fixed charges = 10 per yr. 


Total = $1,396 per yr. 
For the motor generator equipment: 
Cost of power, 3000.77 = $231 per yr. 
Fixed charges = 100 per yr. 


Total = $331 per yr. 


Saving in favor of the m.-g. set = 
$1,065.00 per year. 

This result would have to be modified 
if the assumptions made do not fit the 
case under consideration. For a lesser 
amount of charging per year the saving 
would be less, while for a larger amount 
the saving would increase. But if the 
charging is to be done on a commercial 
scale, it is safe to say that the motor- 
generator set is more economical. 

The lamp bank equipment can be made 
up of 60 to 70 100-watt, 110-volt lamps, 
connected in groups of two in series, in 
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series with the battery. Each group 
of two lamps can be separately con- 
nected to the circuit by means of a 
small, single-pole switch. This would 
give a current range from about 1 to 
35 amp. All the parts for this equip- 
ment can be bought at any electric sup- 
ply store. 

Resistance tubes mounted in standard 
Edison lamp sockets can be bought 
through dealers or directly from .the 
Ward Leonard Co. About 30 to 35 
tubes rated at 250 ohms, 200 watts, 220 
volts, 0.89 amperes each would be suit- 
able for this purpose, and they are 
cheaper than the lamps mentioned 
above. 

The motor- generator equipment 
should consist of a 1-hp., 220-volt shunt 
motor with starter; a 0.5-kw., 16-volt 
generator which should be arranged 
for separate excitation from the 220- 
volt line; a field rheostat; a series 
rheostat of about i-ohm total resist- 
ance, 30-amp. capacity; a d. c. reverse- 
current relay; and two fused line 
switches, one for the 220-volt line and 
the other for the 16-volt line. 

The series rheostat is to go between 
the generator and the battery and 
should have at least six steps for ad- 
justing the voltage of the charging cir- 
cuit. The reverse current relay pro- 
tects the battery and the generator in 
case the 220-volt power fails. The 
motor-generator equipment can be 
bought from manufacturers agents in 
Chicago. For addresses see the E.M.F. 
Year Book, or consult your electrical 
dealer. 


Newark, N. J. H. H. METZENHEIM. 
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W. A. B. can charge storage batteries 
from a 220-volt d.c. circuit by using a 
lamp bank to regulate the flow of cur- 
rent to the batteries. 

The accompanying wiring diagram 
shows how a series-parallel arrange- 
ment of the lamp in a lamp bank can be 
adjusted so as to furnish the desired 
amount of current. Should the start- 
ing current be more or less than the 
desired amount, the proper number of 
receptacles can be cut in or out of the 
circuit as required. The fact that a 
100-watt lamp allows approximately 
0.5 amp. to pass through it, when con- 
nected to a 220-volt line, determines 
the number of lamps that will be 
needed, which in this case is 20. 


100 Watt lamps 


Amme, 
may be 
used 


Y switches 
+ 


Battery connections 


Mar lia y g capacity. /2 AE 


Battery charging set designed for 
use with a 220-volt d.c. service line. 
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In place of using lamps, the Ward 
Leonard enameled EB type of resistors 
can be used. These resistors are de- 
signed for a standard lamp base, and 
the number of sockets needed will de- 
pend on the capacity of the resistances 
employed. When ordering the resis- 
tances, you should specify whether they 
are to be used on a 110- or 220-volt line. 

The average charging rate for bat- 
teries, when the current is first switched 
on, is about 10 amp. After the batteries 
begin to gas, the charging current 
should be reduced to approximately 5 
amp. 

When the specific gravity of the 
liquid in the battery indicates that the 
battery is fully charged, the supply 
current is reduced to 2 amp. and this 
rate of charging is continued for a pe- 
riod of an hour or so. Hydrometers, 
which are suitable for testing the spe- 
cific gravity of the liquid in batteries, 
can be purchased from automobile 
accessory dealers. 

These hydrometers should be so 
marked that a man who is inexperienced 
in the charging of batteries, can easily 
tell when a battery is or is not fully 
charged. 

A storage battery is considered fully 
charged, when the specific gravity read- 
ing is between 1.27 and 1.29. A volt- 
meter reading, by the way, does not 
indicate the amount of current avail- 
able in a battery, unless a reading is 
taken when the battery is delivering 
current at its rated capacity. 

If you so desired, the switches that 
are indicated in the sketch can be elim- 
inated; in this case the flow of current 
can be regulated by screwing the lamps 
into or out of their respective recep- 
tacles. 

In order to determine a positive wire 
from a negative one, two methods are 
generally employed. The polarity indi- 
cator offers the simplest and most con- 
venient method of picking out the posi- 
tive wire. The other method takes 
advantage of the fact that, while a small 
current is flowing, numerous bubbles 
will rise from the negative terminal of 
two wires, when they are immersed in 
a solution of salt and water. A simple 
way of limiting the flow of current 
through these wires is to connect a 
lamp in series with one wire. 

During the charging period, all 
danger of a fire or an explosion can be 
avoided by keeping open lights away 
from the batteries while they are 
gassing. 


Birmingham, Ala. G. H. EMERSON. 


Before proceeding with an explana- 
tion to W.A.B’s. question, I would sug- 
gest that the reader look at the accom- 
panying sketch. Batteries are often 
charged from a 110- or 220-volt d.c. 
current supply, by using a lamp bank 
to regulate the flow of current. From 
the sketch, it is evident that by adding 
more lamps to the parallel circuit, more 
current can be supplied to the battery, 
and the current supply can be dimin- 
ished by unscrewing the necessary num- 
ber of lamps from their receptacles. 

The voltage of the lamps should be 
the same as the voltage of the supply 
circuit. Although 100- or 150-watt 
lamps are often used, carbon lamps are 
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.-----10-100-Wætt lamps; 
charging rate, Samp. 
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3 Cells in series, 
2 volts to each cell 


Lamp bank employed to regulate 
battery charging current. 


to be recommended for this work. If 
a 100-amp.-hr. battery is to be charged 
use ten 100-watt lamps or seven 150- 
watt lamps. This arrangement will 
give a charging rate of 5 amp. When 
the batteries are nearly charged, the 
flow of the current can be reduced the 
necessary amount by unscrewing some 
of the lamps from their sockets. 

In connecting the batteries to the 
charging wires, only those cells which 
have the same capacity should be con- 
nected in series. 


Middlesboro, Ky. C. L. UMBERGER. 


R M k * 


In reply to W. A. B's. question, I would 
say that a lamp bank consisting of 32- 
cp. lamps will make a very substantial 
unit for regulating the flow of current 
between a 220-volt d. c. line and battery 
charging terminals. When the line 
current is 220 volts, 110-volt lamps can 
be used by connecting them in series- 
multiple. When 220-volt lamps are 
used, all the lamps are connected in 
parallel. One 32-cp. 110-volt lamp will 
give 1 amp., while one 32-cp., 220-volt 
lamp will give 4 amp. Therefore, a 
multiple of these lamps will give the 
charging rate required. 

As to the number of lamps to be 
used in charging, of course, one must 
not exceed the charging rate. There- 
fore, it would remain for W.A.B. to 
decide the charging current most suit- 
able for the battery on charge. There 
are two methods of charging: one is to 
apply the full rated charging current to 
the batteries until tfey are nearly 
charged. Then the current rate is re- 
duced to one-half to finish off that 
charge. The other method is to apply 
one-half or less of the charging rate to 
the batteries; this will lengthen the 
charging period, but seems to be easier 
on the battery than the higher charging 
rate. 

As to connecting the batteries, it is 
only a matter of connecting the differ- 
ent batteries, positive to negative. As 
to the ampere-hour capacity of the bat- 
teries, the charging period should be 
recorded at start and finish; then multi— 
plying the charging rate in amperes by 
the number of hours the battery was on 
charge, will give the ampere-hours put 
in the battery. Personally I use the 
specific gravity and voltage for guid- 
ance in charging batteries. Most auto- 
mobile or other small batteries usually 
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have the electrolyte of 1.280 to 1.300 
specific gravity, with a voltage of 2.6 
volts per cell when the cells are fully 


charged. 
Maintenance Inspector, E. J. EVISH. 


Kaministiquia Power Co., 
Fort William, Ont., Can. 


Method of Connecting Generator to Bus. 
—In the power house of our lumber 
mills we are planning on installing a 
6,000-kw. three-phase, 480-volt, 9,000- 
amp.  turbo-generator. To the bus 
there are now connected an 800-kw. 
and a 2,000-kw., 480-volt generator. 
I would like to know what readers 
would recommend for connecting the 
6,000-kw. generator to the bus. Should 
cable be used, and if so, how should 
it be arranged so as to eliminate the in- 
ductive effect and its consequent heating 
due to the heavy current flowing? Would 
it be better to use busbars and if so, how 
should they be supported and arranged 
so as to reduce the induction? Any 
recommendation that readers can give for 
the layout of the connection between the 
generator and bus will be appreciated. 
Bellingham, Wash. E. M. D. 


Referring to E. M. D.’s inquiry, it 
would seem that for a machine of this 
size such a saving in copper and con- 
trol apparatus could have been made 
by changing to 2,300 volts as to justify 
some changes in the driven equipment 
about the plant. 

If the run from the new generator to 
the switch and bus is not too long and 
crooked, busbar copper may be used to 
advantage. A current density of at 
least 1,000 amp. per sq. in. could be 
used in which case a 9,000-amp. cur- 
rent would require 9 sq.in. or three 
ġ-in. by 6-in. busbars. These bars could 
be carried in the usual way without 
any danger of induction or heating of 
the busbars. 

Should it be necessary to use cable, 
nine 2,000,000-circ.mil cables will be 
required per phase. These cables can 
be fanned out from the machine termi- 
nals and secured to the ceiling or wall, 
the main precaution being to keep all 
the cables of one phase together so as 
to avoid induction troubles. 

We have a similar installation, al- 
though both of our generating units are 
smaller than the one E. M. D. has 
reference to, and our units require only 
two cables per phase instead of nine. 
Standard, porcelain-bushed cable racks 
are used and have never shown any 
indications of heating or trouble. 

If, however, it is necessary to run 
these cables in iron conduit, the same 
number of cables must be used for 
each phase. In each conduit must be 
grouped one A, one B, and one C cable 
or a multiple of this combination, and 
all cables should be brought to a com- 
mon terminal at the far end from the 
generator. Also, all the conduits 
should be solidly connected together 
with heavv ground clamps at both ends 
of the cables. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Co. 
New Haven, Conn. 
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In answer to the above question by 
E. M. D., my advice would be to ap- 
proach the problem with caution and 
get the best advice available. The 
writer assisted in the solution of this 
problem on one occasion and has used 
a different solution on subsequent 
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problems in order to secure a proper 
layout of the connections. 

The installed cost of the electrical 
equipment for a unit of this current 
rating is excessive in proportion to the 
kilowatt capacity, the switching equip- 
ment is cumbersome and of special de- 
sign, deliveries are slow, and some 
equipment is none too satisfactory in 
operation. The unexpected difficulties 
from induction may form a very ap- 
preciable addition to the expense and 
trouble incident to getting the new unit 
into operation. 

In 1916-17 one of the copper mining 
companies installed a 6,000-kw., 480- 
volt, three-phase, 60-cycle, turbo-gen- 
erator as an addition to a plant having 
one 2,000-kw. turbo-generator and 
three 1,250-kw., engine-driven units. 

Preliminary designs and cost esti- 
mates were made for both copper bar 
and cable connections from the genera- 
tor to the switching equipment. The 
cable arrangement gave the best in- 
stallation in this case. Eight 2,000,000- 
circ.mil, v.c., single- conductor cables 
per phase were used. 

This arrangement required 24 runs 
of 80 ft., totaling 1920 ft. of cable. To 
avoid induction drop the cables were 
made up in sets of three, one set for 
each phase, and each set was given a 
complete twist in 9 ft. The result re- 
sembled an overgrown telephone cable. 
Large brass castings placed on 3-ft. 
centers maintained the cables in po- 
sition and supported the weight. 
Micanite bushings protected the insu- 
lation where the cables passed through 
the supporting castings. The inductive 
drop was negligible and the finished 
appearance was neat and workmanlike 
in every particular. 

Two, three-pole, 5,000-amp., electri- 
cally-operated carbon circuit breakers 
were connected in parallel for the main 
switch. These were arranged to be 
operated either singly or together from 
the switchboard. In synchronizing one 
breaker was used, the second breaker 
being closed after the machine was 
paralleled. 

The bus leaving the switches was di- 
vided into six parallel sets of bars. A 
number of additional feeders were 
added at this time, and the total new 
copper to reinforce the existing bus 
system was approximately 19 tons of 
3-in. by 5-in., hard-rolled copper bar. 

A short-circuit, which developed on 
the bus shortly after the new bus was 
placed in commission, demonstrated 
the wisdom of wide spacing of the bus 
and secure anchorage of the bars. An 
8-in. to 10-in. clearance should be 
maintained between uninsulated con- 
ducting parts, or suitable barriers 
should be installed. 

The copper should be figured very 
conservatively; the current density 
should not exceed 500 amp. per sq. in. 
Where more than five 3-in. by 5-in. bars 
are required, the bus should be split 
into two or more parallel runs. Great 
care should be exercised in the make-up 
of all joints and taps in the bars to 
prevent them from becoming over- 
heated and causing trouble. 

All iron should be eliminated so far 
as possible from the bus structure and 
adjacent parts. Brass or bronze should 
be used for bolts, washers, bus clamps. 
bus supports and framework. In the 
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above installation, extra-heavy, 13-in. 
brass pipe was used for the supporting 
frame. Even with this precaution, 
trouble developed from induced cur- 
rents circulating in the framework and 
heating the pipe. Many of the joints 
had to be insulated before this trouble 
was remedied. Building steel and rein- 
forcing in the concrete were affected. 
The expense incident to remedying 
these unexpected troubles was quite 
large and became quite serious before 
the remedy was satisfactorily worked 
out and applied. 

The final effect was an entirely satis- 
factory solution of the problem in that 
the engineering difficulties were over- 
come. From the economic aspect, how- 
ever, the cost of wiring, control, and 
metering equipment formed an undue 
percentage of the total installation 
cost. 

As the problem is given, there ap- 
pears to be a very considerable in- 
crease in generating equipment which 
presupposes an increase in motor 
equipment. Probably the most satis- 
factory arrangement would be the 
installation of a higher voltage dis- 
tribution system with stepdown trans- 
formers, and transformer connections 
to the existing system. 

Osborn, Ohio. T. H. ARNOLD. 


Trouble with Storage Battery Charging 
Generator—We are having considerable 
trouble due to the reversal of polarity on 
a 50-kw., 120-volt, interpole generator 
which ig used to charge storage batteries 
on vehicles. The machines were tested 
for grounds by means of a Megger and 
a heavy leakage to ground through the 
acid-soaked benches in the battery 
charging department was discovered. 
Having remedied this, the generator was 
started and immediately the voltmeter 
read backwards with no load on the ma- 
chine. We checked the leads from the 
machine, but they were of such size and 
so taped together that it would be 
impossible to reverse them by mistake. 
We tried to re-excite the field, but could 
not: so the leads were reconnected so 
as to reverse them at the generator and 
not disturb anything at the switchboard. 
The generator worked satisfactorily for 
about three days, when the polarity again 
reversed itself. We reversed the genera- 
tor leads to their original position and 
since then the machine has been operat- 
ing satisfactorily. I do not Know what 
caused this reversal of polarity and 
should like to have readers give me 
their suggestions, 
Sacramento, Calif. J: T. 


It seems likely that the generator 
which J. T. is puzzled over, has received 
enough return voltage to change the 
polarity of the field. 

This could also be caused by other 
apparatus in the line that would dis- 
charge through the field in the event 
that the circuit from the generator was 
broken. 

There is no reason for not being able 
to re-excite the fields, as only enough 
voltage is needed to overcome the 
residual magnetism. 

The re-exciting of the fields can be 
accomplished by applying current from 
an outside source to the field (shunt) 
coils, or by insulating the brushes from 
the commutator and then closing the 
main switch. 

I would advise J.T. to look around 
for poor connections, or to consider the 
possibility of the batteries discharging 
through the generator. 


Chief Electrician. E. J. MORRISSEY. 
Western United Gas & Elec. Co. 
Aurora, III. 
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Electrical Service 


around the works 


For this section short articles describing ideas and practical methods devised to 


meet particular operating conditions are invited from readers. 


The items may 


refer to inspection, overhauling, testing, and emergency or special installations. 


Method of 
Cleaning Stranded Wire Before 
Applying Solder 


TRANDED wire may be very easily 

cleaned in preparation for soldering, 
if one will first strip off the bulk of the 
rubber insulation and then rub the ex- 
posed wire strands lengthwise with a 
piece of file card. 

The short stiff wire bristles of the 
card will dig down between the rounds 
of the strands, cleaning and at the 
same time slightly roughening the sur- 
face of the wire. 

To one who has wasted time and 
temper, trying to clean between the 
strands of wire with the point of a 
knife, this method will be found to be 
a big improvement over the customary 
procedure. 

Providence, R. I. JAMES P. MARSHALL. 


Placing Ground Wire in Conduit 
Insures Protection 


E THERE is any wire in an instal- 
lation which needs mechanical pro- 
tection, it is the ground wire. When 
other wires become broken or discon- 
nected through mechanical injury, the 
fact immediately becomes evident 
through the failure of the equipment 
depending upon the wire, but if the 
ground wire becomes inoperative, the 
fact is generally not disclosed until 
too late. Furthermore, ground wires, 
because of the location in which they 
are placed, and especially in the vicinity 
of the water pipe connection, are par- 
ticularly subject to mechanical injury. 

The National Electrical Code, sec- 
tion 905 D, requires that all ground 
wires shall be protected from mechan- 
ical injury. About the only feasible 
way to protect the ground wire ade- 
quately is to put it in conduit, not part 
of the way, but all of the way, and 
unless it is made up to the water pipe 
with conduit types of ground fittings 
the conduit should terminate in an iron 
or wooden box, enclosing the ground 
clamp and connection. 

The methods of grounding shown in 
the accompanying diagrams are very 
satisfactory under the present Code re- 
quirements. It will be observed that a 
common conductor is employed for 
grounding both the conduit and the 
service wires. This conductor consists 
of a copper wire in multiple with the 
protective conduit. Placing the protec- 
tive conduit in: multiple with the copper 
wire decreases the resistance of the 
circuit to about one-third of its previous 
value and about doubles the carrying 


Feeder feeder Gererator or 
panel panel service panel 
Neutral sérvice 
or generator WITS: 
Open wire 7, i ro 
umpers, O water 
POUR MO wire i 4 
rigid conduit, 


Fig. 1—This method of making a 
connection to the ground wire is 
particularly adaptable around a 
generator or service panel. 


capacity. There are many other obvious 
advantages. 

The National Electrical Code, Section 
905E, reads as follows: 

“Where a secondary system is 
grounded at the service, the equipment, 
conduit, armored cable, metal raceway 
and the like may, with the permission 
of the inspection department, be con- 
nected to the circuit grounding conduc- 
tor, but otherwise shall have a separate 
grounding conductor of their own.” 

When the local inspection department 
objects to the use of a common con- 


Service UN 
ervtrance catut etf 


Threaded? 
type connector 


Fig. 2—Showing how the ground 
wire is protected and one method 
of connecting conduits to ground. 


The bushings used on the end of the 
conduits are made of galvanized malle- 
able iron. These bushings are de- 
signed to accommodate a bronze solder- 
ing lug which makes a direct contact 
with the conduit and at the same time 
locks the bushing in place. 


ductor, the method shown may very 
readily be modified to provide for two 
independent conductors. 

When two independent conductors are 
used the question is sometimes raised 
at to whether or not the Code permits 
the protective conduit to be used as the 
grounding conductor for the service 
entrance conduit. Such use of the pro- 
tective conduit has been specially ap- 
proved by the Underwriters’ Labora- 


tories. 
Manager, 
Groundulet Co. 
Newark, N. J. 


S. W. BORDEN. 


Testing Insulation Resistance 
of Electrical Equipment 


IRECT - READING, insulation-re- 

sistance-measuring devices have 
many uses around an industrial plant. 
For example, they will show at a glance 
the condition of the insulation in light 
or power wiring, either at the time of 
construction or after the plant is in 
operation. The ordinary magneto will 
show short-circuits and direct grounds, 
but it does not show swinging or high- 
resistance grounds and, therefore, is 
not an entirely reliable instrument. 

In testing motors, a device that will 
measure the insulation resistance is a 
practical necessity. Very often, while 
a motor is at rest a ground cannot be 
found by the ordinary magneto or 
bank of lamps, for the reason that the 
coils assume their natural positions, 
while when running the internal 
stresses due to magnetic induction and 
centrifugal force will distort the coils 
and chafe the insulation, causing a so- 
called swinging ground. The writer has 
come across several cases of this kind 
which have been readily found with a 
Megger. 

It has been the practice of the repair 
department in the plant with which the 
writer is connected, to test all coils as 
they are inserted in a motor during a 
rewinding job. This test shows the 
condition of the insulation not only be- 
tween the coils and the core, but also 
between the layers of various coils. 

In locating faults in compensators 
and controllers, the insulation-resist- 
ance method is the only means of locat- 
ing a high-resistance path through 
mica, wood or fiber. Where water or 
metallic dust has caused a path between 
contacts, a carbon path of high resist- 
ance is usually formed in the insulation. 
It is difficult to locate this path by the 
ordinary magneto or lamp bank, but 
with a suitable megohmmeter the re- 
sistance can easily be measured. 

According to the Standardization 
Rules of the A. I. E. E., the insulation 
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resistance of a machine at its operating 
temperature shall be not less than that 
given by the formula: 
Insulation resistance in megohms = 
voltage of terminals + (rating in 
kva. + 1,000) 

This rule should be adhered to as it 
is really low, and might be also con- 
sidered arbitrary, especially on ma- 
chines of high rating. For the sake of 
comparison, the accompanying table 
shows the safe limit as required by the 
above rule, and what I consider the 
safe limit from my expericnce with all 
types of equipment over a considerable 
number of years. 

Although the A.I.E.E. formula may 
give an insulation resistance that will 
be ample under various conditions, from 
my point of view I feel that it is not 
infallible. For instance, when it is 
applied to a 75-hp. and a 200-kva. motor, 
both operating at 550 volts, the results 
are 520,833 ohms in the first case and 
458,333 ohms in the latter. 

In practice, I do not consider it safe 
to attempt to place in service a motor 
that shows a reading below 750,000 
ohms when the impressed voltage is 
550 volts. 

Not long ago, at our plant, a motor 
gave out and two coils had to be re- 
placed. In order to do this, the top 
sides of ten coils had to be lifted and 
replaced. The windings were then 
dipped and baked for 48 hr. While still 
hot, a Megger test was taken and a 
reading of 600,000 ohms was recorded. 
Although this reading was not so high 
as expected, the motor was put back in 
service and lasted three weeks, when 
two coils in each of two phases broke 
down to ground. The motor was in a 
perfectly dry location and operated 20 
hr. per day in two shifts of 10 hr. each. 

In winding motors with a complete 
set of new coils, I try to get a reading 
of at least 10 megohms, cold test, for 
motors with open slots and from 100 
megohms to infinity, cold test, for 
motors with partially-closed slots. 

In testing power wiring in conduit at 
our plant, nothing short of infinity on a 
100 megohm Megger is accepted, with 
the wires disconnected at both ends, and 
four megohms when connected through 
service switches, compensators and 
motors. This is, of course, for a new 
installation operating at 550 volts. 

Compensators and a.c. controllers 
must show on test not less than 500,000 
ohms; otherwise they are overhauled 
and re-insulated. The same, or a 
higher, reading is required on all d.c. 
control apparatus, for both 220 and 550 
volts. Commutators, armatures and 
field coils are not considered in good 
condition when they give a reading of 
less than 750,000 ohms. 

Following are the results of some 
tests made recently: 

Test No. 1—75-hp. motor, 1,800 r.p.m., 
three phase, 550 volts, direct-connected 
to a centrifugal pump. Reading when 
installed, 50 megohms: reading after 
two years’ operation in a damp place, 
hot 9 megohms, cold 10 megohms. 

Test No. 2—35-hp. motor, 1,200 r.p.m., 
three phase, 550 volts, rewound. Cold 
test of each phase, open: to ground, 8 


megohms. Cold test when _ star-con- 
nected, 10 megohms. This motor had 
open slots and form-wound coils, 


varnished but not baked after winding. 
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Test No. 8—10-hp., 1,800-r.p.m., three- 
phase, 550-volt motor with partially- 
closed slots, 55 turns per slot. Test of 
each coil as inserted, infinity. Test of 
completed winding after wedges were 
inserted, infinity. Test, both hot and 
cold after being dipped and baked, 
infinity. 

Test No. 4—50-hp., 1,200-r.p.m., three- 
phase, 550-volt motor. This motor had 
18 defective coils removed and replaced 
with new ones. This necessitated lift- 
ing 10 extra coil sides which were 
afterward replaced. After being re- 
paired, the motor was varnished and 
baked. When taken from the oven and 
allowed to cool, the Megger gave a 
reading of four megohms. After stand- 


Safe Values of 
Insulation Resistance 
Writer's 
Standard, 


Megohms 
0.25 


Machine Rating 


A. I. L. E. 
Standard, 
Kva. Megohms 


0.10784 


11.000 


20.0 
22,000 


Infinity 


ing in the shop for three months, a 
reading of 800,000 ohms was registered, 
due to collection of moisture. An 
ordinary magneto gave no signal. 

Test No. 5—Four high-speed, 550-volt 
motors, ranging from 5 to 25 hp. were 
submerged, due to a blocked sewer. The 
motors were taken out of service imme- 
diately and placed in an electric oven. 
After being in the oven from 5 p.m. to 
8 a.m. the following morning, they were 
taken out and tested. Three of them 
gave hot readings of 900,000 ohms, 1 
megohm and 1.2 megohms respectively, 
while the fourth gave a reading of 
250,000 ohms. As part of the mill was 
down, it was necessary to replace the 
motors as quickly as possible. Three 
of them were considered O.K., while a 
chance was taken on the fourth. Three 
of them stood up while the one show- 
ing the low reading went out three 
days after being put in service. A 
magneto was also used on this motor 
and gave no signal. 

In locating swinging grounds I have 
found the insulation-resistance test to 
be indispensible. This type of ground 
is caused by chafing of the insulation 
against the core or slot sides, or by 
high-resistance carbon paths between 
conductors. Such grounds can be 
located by the “smoke method,” but this 
usually does considerable damage. 

A high-resistance path between two 
contacts of an operating bar of a com- 
pensator or controller may not be re- 
vealed by testing with a lamp bank or a 
magneto, as the insulation is not suffi- 
ciently carbonized, but it will show up 
when full voltage is applied. Of course, 
where a fuse is blown and no trouble 
is found in the motor, a short-circuit is 
assured, but if a magneto or lamp bank 
shows no short-circuit, the trouble is 
mystifying to say the least. I have had 
several cases of this kind where the 
needle of the Megger would swing from 
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zero to infinity in successive oscillations, 
on account of the path being broken 
and closed by the movement of minute 
particles of carbon during the passage 
of the current. This may sound theo- 
retical, but the fact remains that this 
is what actually happens. 


Electrical Engineer, H. E. STAFFORD. 
Provincial Paper Mills, Ltd. 
Port Arthur, Ont., Can. 
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Types of Signal Systems Used 
Around a Cement Plant 


NDUST RIAL signals may generally 

be divided into two principal classes: 
audible and visible. The bell and the 
horn are the main representatives of 
the former class; the light and the 
semaphore of the latter. 

Every one of these signals has its 
own particular field, and, if intelligently 
applied, will make for greater safety 
and production. 

In cement plants, audible signals find 
a much wider application than visible 
signals; to anyone familiar with the 
operation of cement plants the reason 
is obvious—mill operators and others do 
not stay in one place all the time, but 
are often in a position where they 
would not notice the flash of a light, 
yet the sound of a horn or a bell would 
easily attract their attention. 

In choosing an audible signal, how- 
ever, care must be taken in order to 
have the sound of the signal as differ- 
ent as possible from the noise of the 
running machinery. Where Kominu- 
ters, tube mills, griffin mills or almost 
any other type of grinding machinery 
is running, the sound of a bell or gong 
is very difficult to distinguish, while a 
horn will be easily heard. 

In storage places, in stockhouses and 
along conveyors, a small clear-toned 
bell, which is much cheaper than a 
horn, will generally be quite satisfac- 
tory. 

Visible signals find their main field 
of application outside of buildings, 
around quarries or in places where the 
attendant or operator has to stay in 
one place all the time, such as at the 
mixing scales, packing machines, 
where gypsum is added to the clinker, 
where men are tapping cement in 
stockhouse tunnels, and the like. In 
all these places the light, which is in- 
expensive, is quite satisfactory. 

In the case of quarries where blast- 
ing operations are carried on inter- 
mittently and at no particular set time, 
both visible and audible signals should 
be used. A warning should be given 
not only to plant employees but to any- 
one who might approach the quarry, 
especially if it is situated near roads 
where anyone might be traveling while 
blasting is going on. In such cases, a 
system of signalling such as outlined 
below may be used to advantage. 

A stone-proof shelter should, of 
course, be provided where all quarry 
employees will be safe. 

The steam shovel attendant should 
give the first signal, long enough 
before the blast, for anyone near the 
quarry to take shelter. From this 
shelter, it should be possible to operate 
all the signals, or to signal to some 
other employee whose duty it is to 
operate them. 
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For the safety of the employees in 
other departments of the mill, horns 
should be placed just outside of all 
doors which are within reach of flying 
stones, where men might happen to 
walk out at the time of blasting. 

If railroad tracks are. near the 
quarry, such as tracks for bringing in 
clay, shale, gypsum or coal, or for ship- 
ping cement or rock, semaphores 
should be placed in such positions that 
the train crews will be sure to notice 
them and know that blasting is going 


on. 

A large bell operated with a rope, 
such as is generally used on locomo- 
tives, also makes a very effective 
signal which can be heard for a long 
distance. 

With such a system of signals oper- 
ated from the shelter, there should be 
very little chance of accidents from 
flying stones, provided ample time is 
given everyone to get safely away be- 
fore a blast. A push button switch 
with the circuit normally opened, con- 
nected into a 110-volt lighting circuit, 
gives a safe and reliable means of 
signaling. 

In the case of McCaslin or other 
kinds of bucket conveyors which dump 
into a storage and also tap out at the 
bottom of storage, two horns connected 
in series, one placed above and one 
below the storage with a push button 
switch near each horn, as shown in the 
accompanying sketch, make a very re- 
liable system of signaling. With the 
connections shown in the sketch, the 
attendant either above or below will 
know something is wrong if his horn 
does not blow when he presses the 
button. 

No system of signaling, however, 
will be of much practical use unless 
certain employees are assigned to do 
the signaling and are held responsible 
for it. Every foreman should be abso- 
lutely familiar with the system of 
signaling employed in his department, 
and he should be held primarily re- 
sponsible. Also, the foreman should 
see that all employees under his direc- 
tion understand the signals used and 
that nobody but the one assigned to 
that duty gives the signals. The assign- 
ing of one man to give the signals is 
very important and, in the case of con- 
veyors or other machinery where gen- 
erally the man starting the motor can- 
not see that all the machinery thus set 
in motion is clear, it is absolutely neces- 
sary in order that serious accidents be 
avoided. 

Wrong signals or signals that are 
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This signal system is so connected 
that when the horn near the opera- 
tor fails to work the other horn 
does not blow. 


The operator is thus warned of trouble 
in the signal system. 
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misunderstood are worse than no 
signals at all, for men will depend on 
them and this false sense of security 
will often lead to serious if not fatal 
accidents. 

Industrial signals should be judici- 
ously and intelligently applied, should 
be understood by all, and foremen 
should strictly enforce the use of the 
signals besides seeing to it that the 
signals are heeded and obeyed to the 
letter. J. H. GALLANT. 
Chief Electrician, 


Canada Cement Co., Ltd., 
Belleville, Ont., Can. 
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Use of Electrie Furnace for 
Annealing Relay Parts 


HE relay, upon which the railway 

signal system depends for its oper- 
ation, is composed of parts made up of 
soft Norway iron. After the various 
machining operations, this iron retains 
a certain amount of magnetism that 
can be removed only by careful heat- 
treatment. 

The Union Switch and Signal Co., 
Swissvale, Pa., manufacturers of rail- 
way signaling devices, uses a pit-type 
electric furnace for this heat-treating 


This shows the pit type electric 
furnace being charged with iron 
relay parts which are to be an- 
nealed. 


process, for the reason that accurate 
temperature control and uniformity of 
heating are essential. 

In this Westinghouse electric furnace, 
the heating chamber is 34 in. by 44 in. 
and 36 in. deep. The heating elements, 
of 75 kilowatts rating, are arranged in 
a double bank on all four sides and on 
the bottom. The bottom elements are 
covered by the cast floor plates. The 
13-in. wall consists of a firebrick lining 
and insulating brick. An overhead 
chain hoist with a short transfer rail 
is used to handle the furnace cover and 
the charge, thus greatly facilitating 
their movement. 

The charge is placed in Nichrome 
pots, and the covers sealed to prevent 
oxidation during the comparatively long 
heating process. From one to four of 
these boxes are placed in the furnace, 
the cover put on, and the power then 
applied, 

The time required to reach the re- 
quired temperature is about 5 hr. The 
work is allowed to soak at this temper- 
ature for 14 to 21 hr., depending upon 


the size of the charge. 
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The charge is allowed to cool in the 
furnace until the boxes can be handled. 
This operation usually requires about 
20 hr. : 

A test of one run, in which four boxes 
containing a charge of 2,880 lb. were. 
heat-treated, showed that 473.5 kw.-hr. 
were consumed. At 1.4 cents per 
kw.-hr., the total cost was $6.63 or 


$0.0023 per lb. of charge. This is a 


proven consumption of 0.164 kw.-hr., 
per net pound of charge put into the 
furnace. 

The use of electric heat for this heat- 
treatment is efficient and economical in 
that it saves labor and time, eliminates 
continual watching, and results in an 
extremely low percentage of rejections 
under rigid specifications. The operat- 
ing cycle has been so arranged that the 
furnace is charged during the morning 
period. 

Before the day is over the charge will 
have reached the necessary maximum 
temperature, and will have soaked the 
proper length of time. The cooling 
period then starts and is completed 
some time the next day. 


Simple Relay for Lighting Lamp 
When Telephone Rings 


ECENTLY, we installed a telephone 
in a quarry but, there seldom was 
anyone near enough to hear the bell. 
It was, therefore, necessary to provide 
some sort of signal that would be 
visible. The accompanying sketch 
shows how a lamp was made to light 
whenever the bell rang. 

The reset stud on an Edwards No. 26 
M. relay was arranged to operate a 
fiber strip that was pivoted at one end. 
This stud has a travel of about 3 in.; so 
the relay was placed in such a position 
that the travel of the stud was multi- 
plied to 1 in. at the copper contact 
which is attached to the fiber arm, as 
shown in the accompanying sketch. 

Whoever answers the telephone pulls 
the reset string, breaking the contact to 
the lamp, and leaving the relay ready 
for the next call. It is evident from 
the sketch that there is no danger of 
the 110-volt circuit becoming grounded 
or crossed with the wires of the tele- 
phone circuit. 

This relay has operated very success- 
fully since its installation. 


Chief Electrician, C. A. PETERSON. 
S. Gypsum Co., 
Alabaster. Mich. 
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When the telephone bell rings the 
relay is energized, causing the lever 
arm to close the 110-volt circuit 
and light the lamp. 
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This department will furnish mechanical details of installation, operation and main- 
tenance of equipment in the path of power service from the first mechanical driv- 


ing element through the auxiliary transmitting equipment to 


Use of Individually-Driven Rolls 
on Billet Conveyor 


HEN building a conveyor that 

was designed to carry steel billets 
from a furnace to a machine which was 
placed at a 90-deg. angle from the 
furnace door, a difficult mechanical 
problem was encountered in driving 
the eight rolls that were necessary on 
the conveyor. To convey the billet 
around the curve each roll had to be 
placed at a slight angle from the pre- 
ceding roll. The first roll conveys the 
billet straight out from the furnace and 
each succeeding roll was placed at 
approximately a 12 6/7-deg. angle from 
the preceding roll. Thus, each roll 
turns the billet an equal amount until 
it has made a quarter turn. 

If a mechanical group drive had been 
used, it would have been necessary to 
have connected a 74-hp. motor to a 
mainshaft through a set of spur gears 
and then install short jackshafts (seven 
in all) between each set of rolls, with 
especially-designed bevel or spiral gears 
driving to each roll and each roll in 
turn driving the succeeding roll. In 
addition to the large number of expen- 
sive gears, which would have been 
required, it would also be necessary to 
use two bearings between each set of 
rolls for each of the jackshafts. 

The accompanying illustration shows 
how the drive was eventually worked 
out. A 1-hp., 850-r.p.m. Reliance 
squirrel-cage motor was connected to 
each of the eight rolls, driving through 
a pinion and internal spur gear because 
of space limitations. If a straight spur 
gear had been used, it would have been 
necessary either to mount the motor 
above and drive at the top of the gear, 
or to lower the motor into the floor and 
drive at the bottom, if the motor were 
to be kept on the same line as the roll. 
Therefore, to make a better appearing 
and more compact drive than would 
have been possible if the motor had 
been mounted at one side, it was deemed 
advisable to use an internal gear. For 
protection against dust, covers will 
eventually be put over these internal 
gears. 

All motors are started and stopped 
simultaneously from a single starting 
box. The drive is tied together by an 
electrical circuit with a single control 
instead of the complicated mechanical 
drive first throught of, which would 
have been more expensive to maintain. 


The eight rolls are driven sepa- 
rately through internal gears by 
I-hp. motors. 


One side of the motor feet was ma- 
chined parallel to the shaft and a pad 
on the base plate was finished to fit this 
machined surface. This made it pos- 
sible to line up the gears accurately 
and quickly and use a smaller base 
than would have been possible if the 
motor had been mounted to one side. 
A spare motor was purchased as a pro- 
tection against a possible breakdown. 


J. W. Corey. 
Reliance Electric & Engineering Co., 
Cleveland, Ohio. 


Comment on 
“Methods of Reducing Friction 
Losses” 


HAVE just read the article, en- 

titled “Methods of Reducing Fric- 
tion Losses” published in the October 
issue of INDUSTRIAL ENGINEER, and it 
seems to me that this article exagger- 
ates the inferiority of the so-called 
plain bearings as compared with the 
so-called anti-friction bearings. 

What I refer to especially is on page 
461 where the following sentence oc- 
curs: “These bearings require greas- 
ing a few times a year at the most, 
instead of daily or at very frequent 
intervals, as is the case with plain 
bearings.” 

Now as this article confines itself 
principally to lineshaft bearings I am 
sure that in 999 case out of 1,009, 
plain lineshaft bearings today are ring- 
oiled, and this being the case there is 
absolutely no necessity for either daily 


all driven machines. 


or very frequent oiling of bearings of 
this construction. 

If only people would keep their hands 
off them they will run lovely for à year 
at a stretch and as a matter of fact 
we have had them running in our own 
shops for 19 mos. without giving them 
any attention whatsoever and without 
experiencing the slightest trouble. The 
Jones & Laughlin Steel Co. states in 
one of its catalogs that it had a 
whole installation of ring-oiled bear- 
ings in a machine shop running from 
July 1893 to August 1896 without ever 
giving them the slightest attention 
whatsoever and upon inspection at the 
latter date they were found to be in 
perfect condition. 

So please don’t hit the good, old plain 
bearings too hard, because if only given 
half a show they are exceedingly good 
and efficient. H. F. GADE. 
Vice-President, 

Standard Pressed Steel Co.. 
Jenkintown, Pa. 

NoTE: The comments and experi- 
ences of other readers on this subject 
will be welcome.— EDITORS. 


Eliminating Trouble from Static 
on Belt-Driven Machines 


TATIC from belt drives, particularly 

if the belt passes near the hair of 
women employees, or if it is generated 
in rooms filled with explosive or in- 
flammable vapors, must be removed or 
prevented. Friction, high speed, dry 
belts, and dry air, and so on, are all 
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contributary causes of static electricity. 
Friction, however, is the principal 
cause and therefore the first step in 
preventing static electricity is to elimi- 
nate belt slip. Two of the main causes 
of slippage are belts which are too 
loose or too small for the service they 
are giving. Where poor adhesion of the 
belt to the pulley is the cause of the 
slip, the difficulty can frequently be 
overcome by using a belt dressing or 
by covering the pulley. 

Where dry belts are the cause, or a 
contributing cause, of static, this diffi- 
culty may be overcome by keeping the 
belt “damp,” that is, soft and pliable. 
The best way of doing this is to use 
a reliable belt dressing which will work 
into the belt and not only soften the 
surface but lubricate the fibers of the 
leather. It is well to be careful, how- 
ever, and not overdo the treatment, be- 
cause using too much dressing is likely 
to cause the belt to slip, which causes 
friction and again generates static elec- 
tricity. In some plants operating men 
use a mixture of 50 per cent glycerin 
and 50 per cent water on the belt to 
keep the surface moist. However, a 
good belt dressing is to be preferred. 

If the static electricity is not stopped 
by either of these methods, it can be re- 
moved with a grounded copper wire by 
“combing” it off the belt by means of 
a comb of fine copper wires suspended 
so as to touch or nearly touch the belt, 
at a point mid-way between the pul- 
leys. When necessary, combs should 
be placed on both sides of the belt, but 
there should not be enough pressure to 
scratch or injure the belt in any way. 

The wire leading from the comb 
should then be grounded to a water 
pipe or to anything metallic that ex- 
tends down into the moist earth. Where 
such ground connections cannot be made 
to an existing structure it is sometimes 
necessary to drive a pipe into the 
ground to make the connection. 

W. F. SCHAPHORST. 


Mechanical Engineer, 
Newark, N. J. 


Using Breaking Pins to Protect 
Drives Against Overloads 


ROTECTION against overloads in 
mechanical drives which may 
stopped suddenly is just as necessary 
as the fuse in electrical circuits. In 
many cases on belt drives the belt 
serves as the safety device in that it 
will slip or run off the pulley if the 
machine stops suddenly. However, if 
the belt tension is high the possibility 
of slipping is decreased also, the belt 
will slip off the pulley more slowly, and 
some part of the machine may break 
first. For this reason it is often de- 
sirable to place a safety link of some 
kind in the driving mechanism of the 
machine. These safety links are usu- 
ally in the form of breaking pins or 
shear links, which have a cross-section 
sufficient to drive ordinary loads, but 
are weaker than any other part of the 
drive, so that they will break first and 
protect gear teeth or other more expen- 
sive elements of the drive. The follow- 
ing examples show how these links 

‘were used in three instances. 
On each of a battery of duplex mill- 
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Method of installing a breaking pin 
in a gear drive. 


By decreasing the cross-section of this 
taper pin, which holds a driving gear 
to its shaft, a safety link is placed in 
the line of power transmission. This 
link breaks whenever an overload is 
thrown on the milling machine. The 
pin is easily replaced. 


ing machines, a box, containing the 
trip, feed drive, and reverse gears, iS 
suspended from the saddle at its front 
end. This box is attached by four long 
screws with the heads counterbored in 
the saddle of the tableways. This con- 
struction is neat and substantial and 
when assembled nothing but the line 
where the faces meet shows that it is a 
two-piece construction. However, the 
last member in the feed mechanism is a 
hardened worm that drives the hard- 
ened gear through which the splined 
table-screw passes. This worm is at- 
tached to its shaft with a No. 3 taper 
pin which serves as a breaking pin 
and, whenever the work jams, the hard 
worm on the hard shaft cuts the pin off 
completely. This shop uses belts of 
such size and under sufficient tension to 
make them proof against slipping, 
which makes the feed or drive stronger 
than the pin. 


—— — 


‘Chp on ho shaft 
of collar 


Driving Pulley is not ed 
on the Back bear Sten 


Details of a safety link in a back- 
geared drive. 


When the work jams this link breaks. 
The link, which is a piece of -In. by 
-in. steel, fits into a slot on the loose 
pulley hub and in a collar keyed to 
the shaft. A flat spring steel clip fits 
over a neck which is turned down on 
the end of the collar and holds the 
safety link in position, as shown in 
the sketch. An overload breaks the 
link and leaves the pulley free to turn 
on the shaft. The operator keeps a 
supply of extra links on hand and can 
replace a broken one by slipping the 
spring clip around, until the gap be- 
tween the ends is over the slot. 
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When the pin is sheared, the table 
must be removed before the gear box 
can be taken off to get at the worm 
and replace the tapered pin. This is 
a heavy job either with the table 
stripped or with the fixtures left on 
and it takes two men about 2 hours to 
replace a broken taper pin. 

The Master Mechanic decided, after 
a few such experiences, that, while u 
breaking piece was necessary, it should 
be located where it was more conven- 
ient. The construction was changed so 
that the breaks now occur at a more 
accessible gear outside the box, due to 
the weakening of the No. 3 taper pin 
which holds this gear to its shaft. Now, 
all of these milling machines have this 
one easily accessible spot where the 
taper pins have a reduced shearing sec- 
tion, as shown in accompanying sketch 
at top of page, which breaks off when 
an overload is thrown on the feed. 

In another instance the repair man 
in a factory manufacturing valves and 
fittings had considerable trouble with 
threading machines jamming, due to 
an imperfect casting which would be 
too heavy for a tap or die to cut; here 
the threading was done on the un- 
machined castings. 

At the first opportunity this repair 
man put a breaking piece on one of the 
machines, but instead of a taper pin he 
used a small piece of flat steel which 
was set half in each of two collars on 
a mainshaft on the machine. The 
cross-section of this strip of steel is 
small enough to allow it to shear off 
before any damage occurred elsewhere. 
The plan was very successful and now 
all these machines are so equipped. 

Not long ago the writer saw a multi- 
ple semi-automatic filing machine with 
a simple and effective shear link. This 
machine was back-geared and the link 
was placed on the first shaft between 
the main pulley, which was not keyed 
to the shaft, and a collar keyed to the 
shaft, as shown in the sketch at bottom 
of page. The links were held in posi- 
tion by a circular spring clip of flat 
steel which was snapped around the hub 
of the collar. The ends of this elip were 
open about an inch. Turning the clip 
on the hub covered the link and held it 
in the slot or exposed the slot so that 
tae broken link could be removed and 
the new one inserted. 

In case a file jumped out and caught 
(as was sometimes the case), the pin 
broke. Otherwise the operator would 
have had the trouble of replacing a 
large belt on an overhead shaft 18 ft. 
above the floor. The operator of the 
machine had a supply of these links, 
which he could replace as quickly as he 
could replace a file because of the sim- 
ple arrangement for holding them firm- 
ly in place. 

Care must be exercised to see that 
the operators understand and appreci- 
ate the value of these links and do not 
put something in that will not break 
which would be the same as replacing 
a blown fuse with a piece of steel wire. 
Making it easy to replace the shearing 
pin or having a supply of such pins 
convenient, if the operator is to replace 
those broken, will help to insure their 


proper use. DONALD A. HAMPSON. 
Plant Superintendent, 

Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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In the Repair Shop 


This section is devoted to repair work un electrical and mechanical equipment. 
Special attention is given to shop or bench tools and short cuts or improved 
methods of handling work of this character. Contributions are always welcome. 


Mixture for 
Protecting Commutator V-Ring 
Insulation from Oil 


HREE years’ experience of a large 
To shop in the use of a mixture 
of plaster of paris and dextrine as an 
oil resisting paste to prevent the disin- 
tegration of the varnish by oil on the 
outer V-ring insulation of the commuta- 
tor, has shown that the number of 
armatures coming to the shop with 
grounded front V-rings has been greatly 
reduced. 

The mixture used is composed of dex- 
trine and plaster of paris in equal pro- 
portions, with just enough liquid shellac 
to give it the correct consistency. It 
should be made thick enough to be 
applied with a brush, although it is 
much thicker than paint and other sub- 
stances usually applied with a brush. A 
coating about œ in. thick is applied to 
the front V-ring of the commutator. 


— — — 


Emergency Method of 
Making an Insulation Trimmer 
And Wedge Driver 


HILE on a repair job that in- 

volved taking out some of the 
coils of a 1,000-kw. generator and re- 
placing them with new ones, I discov- 
ered to my displeasure that I had no 
wedge driver or insulation trimmer. To 
cut the insulation between the top and 
bottom coils is quite a job with the ordi- 
nary knife or insulation trimmer. For 
this reason, I made a trimmer which 
worked so well that I have kept it ever 
since as one of my regular tools. 


As shown in the illustration, this 
(E Tom No./0 band- 
—7 wire Cutting. 
eee edge 


This insulation trimmer was made 
of banding wire and a copper lug. 


insulation trimmer was made from a 
piece of No. 10 steel banding wire about 
2 in. longer than the width of the stator 
iron. On one end of the wire I soldered 
a 125-amp. copper lug or terminal to 
serve as a handle. The other end of the 
wire was flattened and made into a 
V-shape, as shown. This V-shape edge 
was then filed to form a cutting edge. 
The wedge driver was made from a 
piece of brass tubing about 1 in. inside 
diameter and 14 in. outside diameter. 


By figuring out the inside circumfer- 
ence of the brass tubing you will be 
able to get a close approximation of the 
correct size of the material to use as 
the center piece of the wedge driver. 
For this center piece I used fiber having 
a 4-in. x 4-in. cross-section. The brass 
tube was then hammered down to fit 
snugly around the fiber. A neat job 
can be made if a little care is used and 
the wedge driver will be found to be as 
good as any you can obtain. However, 
you must remember to work the brass 
tubing cold for if it is heated the tubing 
is very likely to crack. 
NICHOLAS J. WEISS. 

West New York, N. J. 


Method of 
Changing Compound Motor to 
Special Series Type 


HE requirements for a_ certain 

power drive were such that it was 
necessary to start, stop and reverse it 
at some distance from the motor, It 
was found that a 3-hp. motor would be 
satisfactory, but the customer wanted a 
single-pole, double-throw knife switch 
with a two-wire lamp cord, running 
from the motor for control. This was 
to make it easy to install and remove. 
It was also decided that this was a job 
for a series motor, which would give 
good torque and also permit the use of 
a double series field winding for two- 
wire control. 

In the shop we had a }-hp., 115-volt, 
compound-wound motor whose fields 
were roasted out; so it was decided to 
rewind the field circuit, for the rest of 
the motor was in good shape. The 
full-load rating of this motor was 23 
amp. and the factory data gave the 
resistance of the two shunt coils in 
series as 556 ohms. Each shunt coil 
had 3,250 turns of one No. 30 enamel- 
covered wire, and each series field coil 
had 31 turns of one No. 20 d.c.c. wire. 

The next step was to find the am- 
pere-turns per pole. With 556 ohms 
across 115 volts, there would be in the 
shunt field circuit 115 — 556 = 0.207 
amp., and the shunt ampere-turns per 
pole would then equal 0.207 x 3.250. 
or 672.75. Similarly, the series field 
ampere-turns equal 31 x 2.5 or 77.5, 
and the total ampere-turns equal 77.5 
+ 672.75. or 750.25 ampere-turns per 
pole. For the series field coil to develop 
750 ampere-turns at 2} amp., it would 
reauire 750 — 2.5 = 300 turns per coil. 

No. 20 wire was originally used for 
the series coils, but this was for con- 
stant duty, whereas for the new serv- 
ice, a double series field coil, for inter- 


mittent duty, and there would be need 
for all the wire space we could get. 
Since the wire size could be reduced, we 
decided to use No. 22 s.¢.c. and 
enameled wire and wind two coils for 
each pole, each coil to have 300 turns. 
These two coils were to be taped to- 
gether and four leads brought out. 
After assembling the coils on the two 
poles, they were connected up in two 
sections, each section consisting of two 
coils in series as shown in the diagram. 

Next, the beginning of one section, 


Pole I, wa A 
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The motor was provided with a 
double series field so that it could 
be reversed by a single-pole, 
double-throw knife switch. 


S. was connected to the finish of the 
other section F and from their junc- 
tion a tap was brought over to one 
brush-holder, as at E. The other 
brush-holder was connected to the light- 
ing circuit L in the basement. 

The lamp cord was connected to the 
remaining two field leads S, and F. 
The other end of the lamp cord was 
carried up to the second floor and con- 
nected to the outside points of the 
single-pole, double-throw switch, as 
shown. The middle point of this 
double-throw switch was connected to a 
single line to which an ordinary attach- 
ment plug was connected, thus leaving 
one prong of the plug unconnected. A 
plug was put in a light socket on the 
second floor and the plug, with one wire 
from the double-throw switch was tried 
in this socket. At the first trial the 
motor did not start, but by reversing 
the plug in the socket, the circuit was 
completed. By marking the plug while 
in this position we were able to replug 
the socket in the same position every 
time. 

Then, by throwing the single-pole, 
double-throw switch to the left, the con- 
ditions were as indicated by the dotted- 
line arrows in the accompanying draw- 
ing. This reversed the polarity of the 
poles by sending current through the 
field coils of section S, and F., in the 
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opposite direction to the current flow in 
section Sı and F:. Since the current 
through the armature remained the 
same, the rotation was reversed. By 
marking one side of the single-pole 
switch open and the other side closed, 
a simple and effective control was ob- 
tained. A. C. ROE. 
Wilkinsburg, Pa. 


Motor Life Increased by 
Dipping Coils and Baking in 
Electric Oven 


N INCREASE of 75 per cent in the 

life of motors which have been 
_ dipped and baked is not uncommon. The 
practice of dipping the coils of electrical 
equipment in an insulating varnish and 
baking them before placing in the 
machine, and then dipping and baking 
the complete winding, has become quite 
general practice in the electrical manu- 
facturing industry and in repair 
shops. The Power Committee of the 
National Electric Light Association re- 
cently issued a report entitled “Baking 
Armatures and Insulated Coils in Elec- 
tric Ovens.” In this report it is stated 
that the practice first demonstrated its 
real value, in making savings and pro- 
moting the reliability of electrical 
machinery, on railway-motor armatures. 
Besides the direct saving involved by 
the dipping and baking process, there is 
the great gain due to fewer breakdowns 
in service which fact is in itself a 
major consideration. 

The reason for the longer life and 
improved reliability of coils and wind- 
ings that have been dipped and baked, 
is that the insulating varnish, properly 
applied and baked, forms a hard coat- 
ing, impervious to moisture, which fills 
all the cracks and crevices, holds loose 
coils and laminations in place, restores 
coil insulation to good condition and 
prevents the entrance of dirt and 
moisture. e 

Proper treatment of coils and wind- 


ings involves three factors: (1) Use of 
suitable baking varnish. (2) Thorough 
impregnation of the coils. (3) Uni- 


form baking of the coils at the correct 
temperature. 

A large part of the report is devoted 
to an extract from an A.E.R.A. paper, 
“Certain Essentials in Drying and 
Baking Railroad Armatures,” by H. S. 
Day. Although this paper dealt with 
railway armatures, it contains much 
that applies equally well to industrial 
equipment. 

The object of dipping an armature in 
an insulating varnish and then baking 
dry is to encase the wires and coils in 
a hard, gum substance that will, by 
completely surrounding the coil, prevent 
chafing, lessen vibration and repel 
moisture and oil, all of which would in 
time break down the original insulation 
and be the principal cause of grounds 
or short-circuits. 

Three important precautions that 
must be observed during the process of 
dipping and baking are: First, the arma- 
ture must be free from all dirt and 
moisture; second, all windings must be 
thoroughly saturated with varnish and 
the surplus drained off; and, third, the 
varnish must be baked dry. 

To dip in varnish an armature that is 
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not clean and dry is to defeat one’s pur- 
pose at the start, because dirt and 
moisture trapped in windings by hard- 
ened varnish will quickly cause insula- 
tion breakdowns. The same criticism 
applies to the dipping of all wires and 
coils, for if they are not thoroughly 
saturated with varnish the desired re- 
sult is again defeated, because it allows 
open spaces for the accumulation of oil, 
dirt and moisture. 

Finally, and undoubtedly most impor- 
tant, if the varnish is not baked dry the 
coils are simply supplied with moisture 
before the motor has a chance to pick 
it up. 

The universal practice in cleaning an 
armature preparatory to dipping is to 
blow the dirt out with air pressure, and 
this is probably the most practical, but 
the air must be dry air. After the 
dirt is all blown out, an excellent prac- 
tice is to dip the armature in a vat of 
gasoline and move it around until all 
oil and dirt are removed. After the 
armature is cleaned, it should be placed 
in the oven and kept there for 10 to 12 
hr. at a constant temperature just high 
enough to dissipate moisture that is in 
the coil insulation. 

At the end of the preheating period 
the armature must be allowed to cool 
off, so as not to enter the varnish too 
hot. The correct temperature is from 
55 to 60 deg. C. (130-140 deg. F.), or 
when a workman can comfortably lay 
his hand on the core. The reason for 
this is that if the armature is too hot 
the varnish will be heated, become too 
thin and run off, leaving the armature 


with too thin a coat of varnish. For the 


same reason the container for the 
varnish should be large enough to hold 
two or three barrels of varnish. This 
volume, on account of added weight, 
also helps in forcing the varnish further 
into the coils. 

There are many different opinions as 
to how the armature should be dipped, 
and whether it should literally be 
dipped at all. But there is one point 
about which there cannot be any argu- 
ment, and that is that the windings 
should be thoroughly saturated with 
varnish. The simplest and easiest way 
is to immerse the armature up to the 
commutator ears in a tank of varnish, 
with the pinion end down, for a period 
of 5 to 10 min. 

After this operation is completed, the 
armature should be removed from the 
varnish and all free varnish drained off. 
In some armatures this is a little diffi- 
cult to do. It may be necessary to sling 
the armature from both ends of the 
shaft and elevate first one end and then 
the other, at the same time giving it a 
few turns, continuing this operation 
until all the free varnish has run off. 
Ordinarily the average armature will 
drain, properly if set upon the pinion 
end of the shaft and allowed to stand 
10 or 15 min. The important thing is 
to get rid of the free varnish, so that 
there will be no pockets of wet varnish 
to cause trouble during the baking 
period. 

Equally as important as having the 
armature at the right temperature when 
it is placed in the varnish, is to have 
the varnish at the right specific gravity. 
About the most practical way of ascer- 
taining the correct specific gravity is to 
use a hydrometer. Most varnishes can 
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be thinned or, as it is called, “cut” by 
the use of gasoline or benzine. This 
should be added in small quantities and 
stirred in, because if a large amount of 
gasoline is added at one time curdling 
of the varnish may result. Gasoline 
or benzine that has a low kerosene con- 
tent should be used, as when the kero- 
sene content is high the oil is left when 
the gasoline is evaporated during the 
baking period. Gasoline to be used as a 
cutting agent should test not less than 
54-46 deg. Baumé. 

By using a hydrometer the uniformity 
of the varnish can easily be controlled. 
This is necessary if the results are to 
be uniform. Having once established 
that specific gravity which gives the 
best filling results and the best penetra- 
tion, any deviation from that point will 
result in a loss of one or the other of 
these characteristics. 

When the armature is drained it 
should be placed in an oven in which 
the temperature generally recommended 
is not allowed to vary either below 115 
deg. Cent. (239 deg. F.), or above 125 
deg. C. (257 deg. F.), and kept there 
without interruption until the baking 
period is over. It is an excellent prac- 
tice if the armatures are placed in a 
horizontal position to turn them every 
10 to 15 min. during the first hour be- 
fore the varnish is set. This will pre- 
vent what free varnish is left from col- 
lecting in one spot. 

The oven must be ventilated suffi- 
ciently to carry off the moisture and 
gases given off in the baking process 
without lowering the temperatures, and 
the baking period should be uninter- 
rupted; that is, the oven not cooled 
down until the varnish is dry. 

The varnish must be baked dry, what- 
ever the time required, and the baking 
time is, of course, governed to some 
extent by the oven temperature. A 
simple way to know when an oven is 
baking armatures dry is to measure the 
insulation resistance during the baking 
period. 

This should at least be done in start- 
ing a new oven, and from time to time 
until the operator has established stand- 
ards and becomes thoroughly familiar 
with every detail that is connected with 
this process. 

There are two types of baking 
varnish, one having a Chinawood oil 
base, and one a linseed oil base. Varnish 
with a linseed oil base will not give as 
good results as a combination varnish 
containing a larger proportion of China- 
wood oil than linseed oil. This is a 
matter for the operator to decide by the 
results obtained. The same thing may 
be said in choosing between amber and 
black varnishes, although it is believed 
that more gums and non-volatile in- 
sulating substances, such as asphalt, 
can be suspended in the black varnish. 
The important thing is to select a 
varnish that is known to be high grade 
and is made for the specific purpose of 
being baked on coils. 

Ovens should be thermostatically 
controlled to insure a constant tempera- 
ture during the baking period because 
if controlled by hand and left to an 
operator the heat control will be fre- 
quently forgotten or neglected, and it is 
important that this should not happen 
for otherwise the quality of the insula- 
tion will be impaired. ` 
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Practical Books 


for your personal library 


Every man who aspires to larger responsibilities should build 
up a professional library containing carefully selected volumes 
on subjects related to his work. Copies of the books which are 
reviewed here muy be obtained from the publishers mentioned. 


Electric Transients—By Carl Edward 
Magnusson, Professor of Electrical 
Engineering and Director, Engineer- 
ing Experiment Station, University of 
Washington. Published by McGraw- 
Hill Book Company, Inc., 370 Seventh 
Ave., New York, N. Y. Cloth; 6 x 9 
inches; 237 pages; illustrated. Price $3. 
The purpose of this book is to aid the 

student in gaining clear concepts of the 
fundamental principles underlying tran- 
sient electric phenomena and their ap- 
plication to quantitive problems. The 
text is illustrated and supplemented 
by a large number of oscillograms of 
transients that occur in the various 
types of machines and electric circuits 
in common use in electrical engineer- 
ing laboratories. 


* + *. * 


Belt Conveyors and Belt Elevators— 
By Frederick V. Hetzel, M.E. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New Vork, N.Y. 333 
pages; 6 x 9; illustrated. Price $5. 
In this, the second edition of this 

book, the author presents his experience 
in such a form as to be useful to men 
who have material to handle and who 
want to know more of the how and why 
of conveying and elevating by belts, 
than can be told in catalogs and ad- 
vertisements. 

The information given will be of use 
also to consulting engineers who have 
to advise in the selection of the proper 
machinery to do certain work, to engi- 
neers and draftsmen who design such 
machinery, and also to students in 
technical schools and colleges. 
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Industrial Safety Organization—By 
Lewis A. DeBlois, Director, Safety 
Engineering Division, National Bu- 
reau of Casualty and Surety Under- 
writers. Published by McGraw-Hill 
Book Co., Inc., 370 Seventh Ave., 
New York, N. Y. Cloth; 6 x 9 inches; 
328 pages; illustrated. Price $4. 
This book presents a thorough, prac- 

tical discussion of the fundamentals 

and basic principles of safety organi- 
zation. The purpose is to furnish in- 
dustrial executives with information 
about the industrial safety movement 
and the essential principles of safety 
work needed for successful accident 
prevention. It aims also to provide 
safety engineers with a technique based 
on sound and logical principles. 
Fourteen years of accident preven- 
tion work in the du Pont Company, 
where safety organizations were de- 
veloped from modest beginnings in 
numerous small plants to full-fledged 
safety departments competent to func- 
tion satisfactorily in huge war-time 
establishments—these later to pass 


through successive stages of retrench- 
ment and expansion—have permitted 
the author to make a broad survey of 
safety systems and methods, successful 
and otherwise. 
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Electrical Characteristics of Transmis- 
sion Circuits—Compiled by William 
Nesbit, Manager, Engineering Divi- 
sion, New York Office, Westinghouse 
Electric & Manufacturing Company, 
published by Westinghouse Technical 
Night School Press, East Pittsburgh, 
Pa. Cloth; 9 x 12 inches; 317 pages; 
102 tables; 28 charts; 100 figures. 
Price $6. 

The rapid expansion in the use of 
electrical energy necessitates a tremen- 
dous amount of arithmetical labor in 
connection with the solution of pro- 
jected transmission and distribution 
circuits. This demands much valuable 
time and energy of the engineer, and 
in the education of young engineers in 
our technical schools. It is largely to 
assist these by making their work 
easier and less liable to error, and by 
providing them with all the necessary 
tools, that the data in this book have 
been compiled. 

The user of this book is provided 


Vol.84, No.12 


with numerous and extensive tables of 
circuits and other constants which make 
it unnecessary for him to lose time or 
risk mistakes in calculating constants 
for each case in question. Every 
effort has been made to simplify ex- 
planations by the aid of supplementary 
diagrams and tabulations. 
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Engineering Metallurgy — By Bradley 
Stoughton, Professor of Metallurgy, 
Lehigh University. Published by 
McGraw-Hill Book Co., Inc., 370 Sev- 
enth Ave., New York, N. Y. Cloth; 
6x9 inches; 441 pages; illustrated. 
Price $4. 

In this, the first volume of the new 
series of metallurgical texts, the sub- 
ject of metallurgy is approached from 
the standpoint of utilization, with the 
purpose of giving the reader an under- 
standing of the relations of structures 
and properties, methods of investigat- 
ing them, their relation to uses, their 
modification through mechanical and 
heat treatment, the effect on them of 
the principal impurities, and the effect 
on them of differences in production 
processes. 

This is a practical book and is in 
reality a textbook for users of metals, 
and is well worth while for the men 
interested in this subject. 
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Standard Wiring—By H. C. Cushing. 
Published by H. C. Cushing, Jr., 15 
West Fiftieth Street, New York, N. Y. 
In the November issue of INDUSTRIAL 

ENGINEER, the price of this book was 

quoted as being $2.50 per copy. This 

price applies only when lots of two to 
four copies are purchased. The price 
per single copy is $3. 


New Equipment 


for plant operation and maintenance 


Industrial plant executives concerned with the selection and 
operation of mechanical and slectrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Heavy-Duty Chain Belts 


WO new oil well chains for heavy- 
duty service, with the trade name of 
Rex Deep Well Chabelco 1240-D.W.4 
and 1030-D.W.3, which have a new 
type of pin lock and high tensile 
strength, together with ground pins 
and ground bushings, have been an- 
nounced by the Chain Belt Co.,, Mil- 
waukee, Wis. The rated strength of 
these chains is given as 90,000 lb. for 
the 1240-D.W.4 and 45,000 Ib. for the 
1030-D.W.3. This represents an in- 
crease of 25,000 lb. in 1240 and 15, 
000 lb. for the 1030 over the old chains 
of that number, although the new 
chains are of the same weight and 
pitch as their predecessors, it is stated. 
The Rex pin lock offered on these 
chains is said to be entirely new and 
is designed to replace the cotters or- 
dinarily used. In oil well drilling and 


similar heavy-duty service the cotters, 
in a relatively short time, either break 
or jump completely out of the chain. 
The pin then works loose rapidly from 
the drive fit with which it is seated in 
the sidebar. The new Rex pin lock, it 
is stated, is as simple to use as the 
cotter. It consists of a disk which fits 
over the link pin, which is a short 
spring pin that is slipped through the 
hole in the link pin and secured at 
each end by bending up the two metal 
ears on the disk. This construction is 
easily seen in the accompanying illus- 
tration. 

The link pins have also been im- 
proved; the drop-forged steel pins are 
ground on a centerless grinder and the 
bushings are made from seamless 
drawn tubings. The natural action of 
the chain, according to the manufac- 
turer, is freer, friction is reduced, and 
the wearing qualities of the chain are 
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increased by bringing these smooth 
surfaces together. The ground pin al- 
lows much closer fitting of the pin and 
bushing and the ground bushing and 
the roller also operate with closer 
clearances. The bushings have one flat 
milled on each end and are forced into 
the sidebars under pressure. 

With the smooth surfaces of both 


the pins and sidebars, the manufac- 
turer states that it is not necessary to 
make allowances for variation or rough 
spots either in the pins or in the in- 
terior so that while these chains are 
more flexible, the pitch is far more ac- 
curate. The results claimed for this 
construction are longer life and correct 
distribution of strain and stress between 
the chain, sprockets, and other working 
parts that are chain driven. All parts 
are heat-treated. 


Improved Portable Conveyor 


N IMPROVED type of portable belt 

conveyor for handling sand, gravel, 
crushed stone, bricks, coal, coke, and 
similar materials has recently been put 
on the market by the Jeffrey Manufac- 
turing Co., Columbus, Ohio. Improve- 
ments have been made with the idea of 
providing a machine more suitable for 
industrial plants and building material 
yards, where it is desired to handle 
materials from hopper bottom railroad 
cars to storage piles or trucks, and for 
reclaiming from storage piles. 

Four new features are incorporated 
in this new conveyor. Steel side boards, 
which are bent to extend under the 
side of the belt, forming with the 
belt a moving trough, provide larger 
capacity and prevent lumps from roll- 
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ing off. An improved type of carrying 
idler supports the loaded portion of the 
belt. An extended and flared loading 
leg at the bottom edged with belting 
forms a seal with the moving belt. The 
flared hopper also centers the load on 
the conveyor. An efficient gate at the 
foot of the conveyor prevents materials 
from falling into the inclosed boot 
housing. 

An easily-operated screw adjusts the 
elevator to any convenient height. The 
foot of the conveyor is so low that it 
will readily enter a pile of loose mate- 
rial. The conveyor is built in 18-, 24- 
and 30-ft. lengths, and is furnished with 
an electric motor or gasoline engine. 


No-Thread Unilets 


MPROVEMENTS in its line of No- 

Thread Unilets have been announced 
by the Appleton Electric Co., 1701 
Wellington Ave., Chicago, Ill. These 
will be manufactured as an addition 
to the line of threaded Unilets made 
by this company. No-Thread Unilets 
of a different design were made by this 
company more than 15 years ago and 
the new line, it is stated, shows many 
decided improvements over the old. 


There are no loose parts. To install, 
according to the manufacturer, it is 
only necessary to cut the conduit, slip 
it into the No-Thread Unilet, tighten 


the knurled nut, which insures a 
mechanically secure joint, a running 
ground and a strong job, in consider- 
ably less time than is ordinarily re- 
quired. 

The accompanying sectional view of 
this improved Unilet shows its design. 
The tapered steel ring is squeezed into 
the conduit by the knurled nut. This 
same ring has on its inner surface 
three projecting beads that pierce 
through the conduit enamel, thus estab- 
lishing a metal-to-metal contact and 
insuring a perfact running ground, it is 
stated. All standard Unilet covers 
and fittings are interchangeable with 
the No-Thread Unilets. 


— — — 


Armature Feeler Gage 


NEW feeler gage has been placed 

on the market by C. A. Parkham, 
Inc., 526 W. Fort St., Detroit, Mich., 
for use in checking the gap between 
stators and rotors. 

The feeler stock is manufactured 
from imported Swedish tempered steel 
feeler stock, which is represented as 
having an accuracy to within 0.0001 in. 

The blades and handle are each 16 in. 
long, making an overall length of 32 
in.; the blades are 0.06, 0.08, 0.010, 
0.015, 0.025 in. in thickness. Should it 
be necessary to replace a blade it can 
be easily removed by loosening a screw 
in the handle. 
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Heavy-Duty Belt Clamp 


LAMPS of a new design for join- 

ing fabric base belts in heavy-duty 
service have been announced by the 
Victor Balata & Textile Belting Co., 38 
Murray St., New York, N. Y. These 
are known as the Petrol belt clamp and 
were originally developed to increase 
the life and service of oil well drilling 


and pumping belts which operate under 
extremely severe service. These clamps 
are also used for exceptionally severe 
industral service. 

The type of clamp and its applica- 
tion are shown in the accompanying 
illustration. The clamps are made of 
steel forgings and are bolted together 
with carriage-style bolts, hexagon nuts 
and lock washers. The clamp and fit- 
tings are galvanized. Corrugations on 
the jaws of the clamp give a better 
grip on the belt, it is said, and so help 
to prevent tearing. Also, the clamps 
are curved at the angle. This, accord- 
ing to the manufacturer, prevents the 
clamp from cutting the belt and also 
avoids misapplication. 


Fully-Enclosed, Heavy-Duty 
Floor Grinder 


HE Cincinnati Electrical Tool Co., 

Cincinnati, Ohio, has recently added 
to its line of portable electric drills, 
grinders and buffers, new 2- and 3-hp. 
fully-enclosed, heavy-duty, ball-bear- 
ing, floor grinders suitable for grind- 
ing of all kinds. 

The ball bearings are mounted in 
dustproof housings, and it is stated, 
are correctly locked to the shaft to pro- 
vide for end thrust and eliminate shaft 
wear. The spindle is of high-grade 
steel turned and accurately ground to 
size. Wheel flanges and nuts are ma- 
chined to be in perfect balance with the 
spindle. Removable covers bolted to 
the guard completely enclose the side 
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of the wheel, flanges and nuts, insur- 
ing safety to the operator. The 2-hp. 
grinder is equipped to carry 12-in. by 
2-in. by 11-in. wheels and the 3-hp. 
grinder, 14-in. by 24-in. by 13-in. 
wheels. 

These grinders may be obtained for 
operation on either alternating current, 
220 or 440 volts, 25 to 60 cycles, two- or 
three-phase, or direct current, 115 or 
230 volts. 


Electric Hand Saw 


11 plan men and contrac- 
tors who have occasion to do more or 
less sawing of wood outside the wood 
shop will be interested in the announce- 


ment of the Wodack Electrical Hand 
Saw, shown in the accompanying illus- 
tration, which is manufactured by the 
Wodack Electric Tool Corp. located at 
23-27 South Jefferson Street, Chicago, 
Illinois. 

This electric tool weighs 24 lb. and is 
fitted with a motor which is said to be 
large enough to drive an 1l-in. cir- 
cular saw and yet can be operated from 
an electric light socket. Industrial men 
are finding use for this saw it is stated, 
for removing flooring; electrical con- 
struction men are using the saw for 
cutting a channel in the floor in which 
to lay conduit, and many other uses are 
reported, such as for concrete form 
work, in the shipping room, and so on. 

The saw is fitted with a depth gage 
so that the depth of the cut can be 
closely controlled, as when cutting 
through à floor or opening a box or 
crate. 


Fractional Horsepower 
Worm Reducers 


OMPLETION of the design and the 
marketing of a 4-hp. worm speed 
reducer is announced by the Hills-Mc- 
Canna Co., 2025 Elston Ave., Chicago, 
III. A phantom view of one of the 
double-reduction units is shown in the 
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accompanying illustration. This equip- 
ment was originally designed for use 
in connection with the drive of the 
Hills-McCanna force-feed lubricating 
system. The 20: 1 and 30: 1 reduction 
units are made in the single- reduction 
worm and gear types. A double com- 
bination of worms and gears is used to 
obtain reductions of 50: 1, 100: 1, 200: 1 
and 400: 1. 

The manufacturer states that stand- 
ard, hardened steel worms running 
against bronze worm gears are used. 
The whole mechanism is enclosed in a 
grease-packed, dustproof case measur- 
ing 4 in. by 4 in. by 24 in. The case is 
provided with stuffing boxes to retain 
the grease. A j-in. shaft is provided 
for connecting to a motor through a 
flexible coupling or for belt drive. 


Rapid-Heating Melting Pots 


N ADDITION to the Trent line of 

rapid-heating melting pots manu- 
factured by Harold E. Trent, 250-261 
N. Lawrence St., Philadelphia, Pa., is 
shown in the accompanying illustra- 
tion. This pot, it is said, is suitable 
for melting babbitt, solder, lead, and 
tin, and has a capacity of 10 lb. The 
pot is for use on 110 or 220 volts, a.c. 
or d.c., and can be connected to a lamp 
socket. A new feature of this equip- 
ment is that a new design of protected 
plug contact has been added whereby 


a standard plug can be used to obtain 
the three-heat combination. 

All pots are fitted with spouts and 
two handles to facilitate pouring metal, 
if so desired. The crucible is insulated 
to give high heat efficiency, according 
to the manufacturer. 
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Redueing Gears of Small Capacity 


NNOUNCEMENT is made that 

Winfield H. Smith, Springville, 
N. V., has added two new uits to his line 
of redueing gears of small horsepower 
capacity. One of the new models is 
the No. 8 vertical-drive, worm gear re- 
duction unit, which is shown in the 
accompanying illustration above. The 
same reductions of 40:1, 20:1, or 10:1 
can be furnished as are standard with 
the horizontal-drive, No. 8 reducing 
gear. Ratings for the various reduc- 
tions are 2, 3 and 5 hp. respectively, 
at 1,800 r.p.m. of the worm shaft. The 
illustration shows the driven shaft ex- 
tended at the top, but if desired the 
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shaft can be extended and the drive 
taken from the bottom. This type of 
drive is used, it is said, in connection 
with mixing machines, agitator tanks, 
turntables, and so on. 

The other new reducing gear, shown 
at the right is the No. 24 unit, which 
is made for use with motors up to 4-hp. 
capacity. Standard units are built to 
give a reduction of 40:1. The unit is 
54 in. high from the bottom of the 
base to the top of the housing and 
weighs 8 lb. Bronze bearings are used 
for the high-speed shaft. 

In addition, the standard No. 3 reduc- 
ing gear has been redesigned as the No. 
3 A, but all of the essential dimensions 
are the same as in the old unit. This 
reducing gear is for use with motors 


up to &-hp. capacity. Reductions of 
20:1, 10:1 and 5:1 are standard and 
units are carried in stock for immediate 
shipment. 


New Magnetic Brakes 


WO new magnetic brakes, types DI 

and AI, are being manufactured by 
the Westinghouse Electric and Manu- 
facturing Company for both direct- 
current and alternating-current service. 
In addition to being spring-set and 
easily adjustable, these brakes have 
unusually small dimensions, a distinct 
advantage for industrial applications. 
The small diameter of the brake wheel 
requires less power to operate and less 
time for starting and stopping. 

A weatherproof cast-steel housing for 
the magnet, is another feature of these 
brakes. The magnet and coil unit are 
protected against damage and the 
weather. Ample ventilation is provided 
for by hooded openings in the cover of 
the housing, and cored holes in the base. 
The complete magnet can be removed 
from the brake by simply taking out 
one pivot pin and loosening two bolts in 
the tapered blocks, and a new magnet 
substituted in a very short time. With 
this design the same equipment may be 
used for both alternating-current and 
direct-current work by merely changing 
the magnet. A manual release enables 
the motor to be operated without the 
brake during inspection or test. 
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Grease Lubricator 


XPERIMENTAL and development 

work have been completed on the 
Knorr lubricator which is shown in the 
accompanying illustration, according to 
an announcement 
by the Knorr Lu- 
bricator Sales Co. 
of New England, 80 
Federal St., Boston, 
Mass., and distri- 
bution to industry 
is now under way. 
This lubricator con- 
sists of a cup with 
a spring cover to 

ö contain the grease. 
The lubricant is fed down to the shaft 
between the pin and the oil hole by the 
movement of the pin, which rests on the 
shaft, due to the eccentricity of the 
shaft. The spring on the pin maintains 
contact with the shaft. This device, 
it is stated, feeds the grease much in 
the same manner as the bottle oiler 
feeds oil. An advantage claimed is that 
feed of the lubricant takes place only 
while the shaft is in motion, and in a 
degree corresponding to the speed of 
the shaft. 


Mica Insulation 


A NEW mica insulation, called “Super- 
micanite, has been developed 
by the Mica Insulator Company, 68 
Church Street, New York City. The 
development of a synthetic insulating 
cement, a resin produced from gly- 
cerine and phthalic anhydride, which 
possesses electrical and chemical char- 
acteristics particulariy advantageous 
as a cement for mica insulating mate- 
rials, has resulted in the further de- 
velopment of Super-micanite.“ This 
new insulation is said to be ideally 
adapted for commutator insulation. 

The outstanding advantages of “su- 
per-micanite” as compared with shellac- 
pasted mica are listed by the manu- 
facturer as follows: It is non-corrosive 
to copper; its binder decomposes at 
high temperatures and then produces 
decomposition products which are 
neither corrosive nor conducting; it 
shows practically no slippage under 
pressure; its surface resistivity is ap- 
proximately 350 per cent greater; it 
has higher dielectric strength; its loss 
factor is approximately 43.5 per cent 
of that of shellac-pasted mica; its vol- 
ume resistivity is approximately 92 per 
cent higher; it has a greater resistance 
to moisture; it has more compressive 
strength than shellac-pasted mica up 
to 100 deg. C.; it has a lower moisture 
content and a greater transverse 
strength. 
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Variable-Speed Transmission 


WO new variable-speed transmis- 

sions have been added to the line 
of this equipment manufactured by 
Reeves Pulley Co., Columbus, Ind. The 
first, as shown in the upper illustra- 
tion of Fig. 1, consists of a constant- 
speed motor mounted on and above the 
Reeves variable-speed transmission and 
connected to the input shaft by a 
silent chain. This not only makes a 
compact installation, but conserves 
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floor space in that it is not necessary to 
mount the motor on the floor alongside 
the transmission or drive down trom 
the ceiling. This motor mounting is 
slotted and, it is said, will accommo- 
date any standard type of motor of the 
proper size for the drive. Adjustments 
can be made by means of the slot to 
give the proper tension on the chain 
drive. 

This unit is marketed under the 
name of Reeves Compact Motor Drive. 
The unit is ball-bearing equipped and 
force-feed lubricated. The transmis- 
sion receives power at a constant speed 
and delivers that power at any speed 
desired between the rated fastest and 
slowest speeds over a range as high as 
16:1. By means of clutches or an 
extra shaft this ratio may be in- 
creased. The speed may be main- 
tained at any set point or varied 
manually or automatically. The unit 
may be mounted on the floor, or built 
into the machine. 

For installations where space is too 
limited for the use of the Reeves Com- 
pact Motor Drive, the vertical type of 
transmission shown in the lower illus- 
tration of Fig. 1 was developed. The 
shifting screw is generally located at 
the top of the drive and the speed may 
be varied either manually or automati- 
cally and the speed indicator used, as 
is standard with all types of Reeves 
transmission. 

The improved type of splice blocks 
shown in the other illustration, facili- 
tates the removal or application of the 
standard, rubber body V-belt to the 


Fig. 1—Above, Reeves Compact 
Motor Drive. Below, vertical type 
transmission 
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transmission. The V-belt is made up 
of a rubber belt body to which is at- 
tached at regular intervals hardwood 
blocks, tapered at both ends and faced 


Fig. 2—Improved type of splice 
block manufactured by Reeves Pul- 
ley Co. 


with leather to conform to the V-angle 
of the disks. As shown in this illus- 
tration the splice block is made up of 
two half-sections of the block with 
hinge plates at each end of the belt. 
These hinge plates are screwed to the 
blocks at each end and secured by in- 
serting pins through the eyes of the 
hinge. Corresponding hinges are at- 
tached to the tooth side of the block as 
well as to the belt side. 


Self-Starting Squirrel-Cage Motor 


EVELOPMENT of the type H-O 

(Hanson-Oesterlein) self-starting 
squirrel-cage motor, has been an- 
nounced by the Northwestern Mfg. Co., 
Milwaukee, Wis. This motor has a 
single rotor winding with the rotor 
bars near the surface, thus giving a 
minimum magnetic leakage, it is stated. 
The rotor bars are connected at the 
ends to low-resistance, arc-welded, cop- 
per end rings. These are partly sur- 
rounded by steel laminations. For mo- 
tors requiring a high starting torque 
high-resistance end rings are placed 
next to the rotor core. During the 
starting period the high impedance in 
the low-resistance end rings prevents 
the flow of current in them and forces 
it through the high-resistance end 
rings, thus producing a high starting 


torque, according to the manufac- 
turer. As the speed increases the im- 
pedance in the low-resistance end 


rings decreases and the total torque 
increases until the rotor reaches full 
speed. 

These motors are built regularly for 
two torque ratings. The type H-O-L, 
it is stated, has a 130 per cent start- 
ing torque and is suitable for motor- 
generator sets, centrifugal pumps, fans 
or for any machinery requiring low 
starting torque. The type H-O has a 
200 per cent starting torque and is 
used for driving air compressors, re- 
frigerating machines, plunger pumps 
and other machines requiring high 
starting torque. The rating is 40 deg., 
continuous duty. It is stated that a 
single-throw switch may be used for 
starting small motors and a push-but- 
ton-operated switch with overload and 
no-load protection for 15-hp. and 
larger motors. 
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Power Transmission Association 
Elects Officers 


HE second general meeting of the 

Organization Committee of the 
Power Transmission Association was 
held Wednesday, November 17, at the 
Pennsylvania Hotel, New York, N. V., 
with representatives present from a 
large number of leading manufacturers 
of mechanical power transmission and 
allied equipment. 

W. H. Fisher, chairman of the Organ- 
ization Committee, presided and after 
the meeting had been called to order 
introduced Frazer M. Moffat, president 
of the Tanners Council of America and 
E. J. Mehren, vice-president of the 
McGraw-Hill Publishing Company, who 
spoke briefly on the ideals and purposes 
of trade associations, and their value 
in promoting closer co-operation in the 
solution of problems that are of mutual 
interest. 

Chairman Fisher then presented the 
report of the Organization Committee, 
in which it was shown that a great deal 
of interest had been evinced in the pur- 
poses of the Association by manufac- 
turers in this industry, and that to date 
104 companies had signified their inten- 
tion of joining. The report also con- 
tained recommendations covering the 
form of organization which it was felt 
would be most suitable for this Asso- 
ciation and proposed a schedule of dues 
for member companies. 

After the reading of the report, there 
was some discussion.as to the advis- 
ability of having the Organization Com- 
mittee continue its work, so that a larger 
number of members could be secured 
before the Association proceeded to 
carry out its program. When this ques- 
tion was put before the meeting, how- 
ever, it was unanimously voted to put 
the Association on a permanent basis 
and have it undertake active work at 
once. 

Upon receint of the report of the 
Nominating Committee appointed by 
the Chairman, the following officers 
were elected: 


President. W. H. Fisher, secretary 
and sales manager, T. B. Wood’s 
Sons Co. 

Vice-presidents. representing, 

Leather Belting Manufacturers, F. 
H. Willard, president, Graton & 
Knight Mfg. Co. 


Tanners and Curriers, Edward D. 


McKown, vice-president, Hans 
Rees’ Sons Co. 
Power Transmission Equipment 


Manufacturers, Geo. H. Miller, 
president, Dodge Mfg: Corp. 

Pulley Manufacturers. Wm. R. 
Simpson, vice-president, The 
American Pulley Co. 

Hanger Manufacturers, S. A. Ellic- 
son, president, Chicago Pulley & 
Shafting Co. 

Accessory Manufacturers, Wylie K. 
Lee, president, Clipper Belt 
Lacer Co. 

Fabric-base Belt Manufacturers, 
B. J. Kielly, president and gen- 
eral manager, R. & J. Dick Com- 
pany. 

Treasurer, L. H. Shingle, president, 
Shingle-Gibb Leather Co. 
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Trade Literature 


you should know about 


Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 


are mentioned. 


It is always advisable to state the name and 


number of bulletin or catalog desired, as given in these columns. 


Service Switches—A booklet describes 
type WK-54 Westinghouse meter serv- 
ice switches.—Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


Transformer Tap Changer—Bulletin 
2055 describes and illustrates the con- 
struction and operation of the Pitts- 
burgh transformer tap changer.—Pitts- 
burgh Transformer Co., Pittsburgh, Pa. 


Motor Maintenance Equipment—In 
Catalog No. 7 there are descriptions 
and illustrations of the various types 
and applications of equipment used in 
motor maintenance.—The Martindale 
5 Co., P. O. Box 2660, Cleveland, 

io. 


Paint and Painting Equipment 
Leaflet VA-1 describes Vortex indus- 
trial paints and illustrates the appli- 
eation of the mechanical painting equip- 
ment.—The Vortex Manufacturing Co., 
1978 W. 77th St., Cleveland, Ohio. 


Circuit Breakers—Leaflets L 3549-B, 
L 20135-A, and L 20011-A discuss the 
application, construction, and operation 
of types CA, CL and CN carbon circuit 
breakers, and types F-11 and F-22 oil 
circuit breakers.—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 


Starting Equipment—Bulletin 600 de- 
scribes the Allen-Bradley primary re- 
sistance starters. Bulletin 710 describes 
the type J-1552, form T, across-the-line 
starting switch. Bulletin 740 describes 
the type J-3052 automatic resistance 
starter.—Allen-Bradley Co., Milwau- 
kee, Wis. 


Waterproofing and Damp-Proofing 
Concrete—Folder No. 2 gives complete 
descriptions and detailed specifications 
of waterproofing, damp-proofing, and 
allied products for use with mass con- 
crete and cement mortar, or for sur- 
face application—The Master Builders 
Co., Cleveland, Ohio. 


Controls—The fourth issue of Mill 
Motor Gossip describes and illustrates, 
Clark magnetic brakes, flexible coup- 
lings, manual controllers, starting 
switches, and resistors, with references 
to bulletins containing more complete 
information.—The Clark Controller Co., 
1146 E. 152nd St., Cleveland, Ohio. 


Skip-Lift—Bulletin 79 describes and 
gives the operating features claimed 
for the Beaumont Skip-Lift for han- 
dling granular materials, such as coal, 
stone, and so on, in bulk. Numerous 
sketches and illustrations show typical 
installations under a wide variety of 
conditions.—R. H. Beaumont Co., 
Philadelphia, Pa. 


Portable Grinders— Nos. 2. 3, and 4 
ball-bearing, floor-type, electrically- 


operated grinders are described and 
illustrated in Circular No. 36.—Bing- 
hamton Flexible Shaft Co., 239-241 
Water St., Binghamton, N. Y. 


Air Filters—The advantages and 
necessity for pure air‘are discussed and 
Sirocco air filters described and illus- 
trated in Bulletin No. 2223.—American 
Blower Co., Detroit, Mich. 


Electric Hammers—Simbi hammers 
together with their various applications, 
are described and illustrated in Bulle- 
tin 106.—The Rawlplug Co., Inc., 66 W. 
Broadway, New York, N. Y. 


Hand Lift Truck A circular entitled 

“Multiplying Men” describes some of 
the features of construction of the 
model K Stuebing all-purpose, hand-lift 
truck.—Stuebing Truck Co., Cincinnati, 
Ohio. 
Pneumatic Conveying—Bulletin 515 
describes the use of a Dracco pneumatic 
conveying system for unloading, con- 
veying and reclaiming alum.—The Dust 
Recovering & Conveying Co., Harvard 
Ave. & E. 116th St., Cleveland, Ohio. 

Lighting—Catalog 47-A gives instruc- 
tions and helpful illustrations for plan- 
ning industrial lighting installations. 
Catalog 47-b describes and illustrates 
various types of lights.—Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 


Roller Bearing Data—A 64-page book 
contains descriptive and illustrative 
matter covering the application of 
Timken bearings to all kinds of automo- 
tive, transportation and industrial ma- 
chinery.—The Timken Roller Bearing 
Co., Canton, Ohio i 


Worm Gear Speed Reducers—Bulle- 
tins 251, 261 and 263 describe the Hors- 
burgh and Scott horizontal and vertical 
worm gear speed reducers and shows 
the special features in their construc- 
tion—The Horsburgh & Scott Co., 
Cleveland, Ohio. 


Blowers—A complete description of 
American H. S. Fans, Class 15M, is 
contained in Bulletin No. 7003, together 
with illustrations of the different parts 
of the blowers, air capacity tables and 
drawings of the blower housings which 
are accompanied by tables showing the 
outside dimensions of the various sizes 
of blowers.—American Blower Co.. 
Detroit, Mich. 


Carbon Products—Announcement is 
is made that a new film entitled, “Be- 
hind the Pyramids” has been prepared 
which shows the manufacture, appli- 
cation, operation and care of carbon 
products used in the electrical industry. 
Arrangements for showing this may 
be made by writing to the Carbon Sales 
Division of this company.—National 
Carbon Co., Inc., Cleveland, Ohio. 
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110 pages of bearing data, recommendations and 
knowledge, based upon experience with 
150,000,000 successfully applied bearings! That’s 
the new Timken Engineering Journal, complete 
with figures and facts which are governing the 
adoption of Timken Bearings for every type of 
mechanical device, throughout industry. 


New curves of endurance, output, and economy 
are being charted by means of Timken tapered de- 
sign, Timken FOSITIVELY ALIGNED ROLLS, and 
Timken-made steel, among the many Timken 
features. The Timken Engineering Journal tells 
exactly why anc. how. Your request on your 
letterhead brings your copy. 


THE TIMKEN ROLLER BEARING CO., CANTON, O. 
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Manufacturers of 


High Grade Machine Tools 


Use Allis-Chalmers 
Texrope Drive Equipped Tools 


for Exact and 
Particular Operations 


Because 


There is no back lash in a Texrope Drive and 
it does not leave tooth marks on machined 
surfaces. 


It has the smooth and pulsationless motion, 
the velvety, flexible grip, the easy start, stop 
and reverse characteristics which high grade 
work demands. 


It is absolutely silent, clean and practically 
trouble proof. 


Write for further details 


ALLIS-CHALM 


MILWAUKEE, WIS. U.S.A. 
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of non-metallic gears and gives details relating to their 
application and installation. 


Controlling Power Input to Wood Pulp Grinders..... 554 


F. A. Byles tells the results obtained with special regu- 
lating devices that are applied to the continuous feed of 
synchronous motor driven magazine grinders. 
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In first of a series of artieles, Jesse M. Zimmerman 
discusses the selection, use and installation of mica in 
commutators of industrial motors. 


Flexible Couplings for Motor Drives............ . . q. 561 


In first of a series of articles on the mechanical ele- 
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What Does Advertising 


Mean to You? 


N HIS recent address before the Ameri- 

can Association of Advertising Agencies, 
President Coolidge expressed in the follow- 
ing words what will come to many as a new 
concept of the purpose and importance of 
advertising: 

When we stop to consider the part which 
advertising plays in the modern life of pro- 
duction and trade we see that basically it is 
that of education. It informs its readers of 
the existence and nature of commodities by 
explaining the advantages to be derived from 
their use and creates for them a wider demand. 
It makes new thoughts, new desires, and new 
actions. By changing the attitude of mind it 
changes the material condition of the people. 

Under the stimulation of advertising the 
country has gone from the old hand methods 
of production, which were so slow and labori- 


ous, with high unit costs and low wages, to 


our present great factory system and its 
mass production, with the astonishing result 
of low unit cost and high wages. 

The pre-eminence of America in industry, 
which has constantly brought about a reduc- 
tion of costs, has come very largely through 
mass production. Mass production is only 
possible where there is a mass demand. Mass 
demand has been created almost entirely 
through the development of advertising. 

In former days goods were expected to sell 
themselves. Oftentimes they were carried 
about from door to door. Otherwise, they 
were displayed on the shelves and counters of 
the merchant. The public were supposed to 
know of these sources of supply and depend on 
themselves for their knowledge of what was 
to be sold. 

Modern business could neither have been 
created nor can it be maintained on any such 
system. It constantly requires publicity. It 
is not enough that goods are made: a demand 
for them must also be made. It is on this foun- 
dation of enlarging production through the 
demands created by advertising that very 
much of the success of the American indus- 
trial system rests. 
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This K & B Blower System carries wood refuse from the machines to a special power house where 4 boilers 


generating 600 hp. 


supply all heating and process steam and part of the factory power. 


Better Designed Blower System 
Saves $9,360 Yearly 


The new K & B book Blower 
Systems,” is a complete descrip- 
tion of the most approved de- 
sign, construction, and applica- 
tions of dust-collecting equip- 
ment in -working and 
metal-working plants, glass, 
chemical and other industries. 
Send the coupon for a copy 
today. 


Geo. F. Kroeger, Gen’l. Supt. Globe-Wernicke 
Division of Rand-Kardex Bureau, Inc., 
Cincinnati, says: 


Cutting 35,000 feet of lumber a day form- 
erly made our mill room men look like 
millers, but since we put the problem up 
to Kirk & Blum to install a complete blower 
system to remove dust and refuse, many of 
the men wear white shirts. 


“Greater cleanliness means greater effici- 
ency, in our case it has resulted in less re- 
pairs and longer life for machines and 
motors, fewer accidents to men and ma- 
chines, improved quality of output, lowered 
labor turnover, less absenteeism and better 
morale. 


„We have had no shut-downs for repair on 


hundreds of feet of K & B piping, and in 
six years we have spent only $15.00 on 
patching one elbow that had the hardest 
wear. 


We found that the better Kirk & Blum 
engineering features make our present 
blower systems require 20% less power 
than our old system— which at $45 per 
horsepower year means a yearly saving of 
$3,960. This more thorough system also 
saves us 30%, or $2,700 a year on cleaning 
labor, $900 on hand trucking, and $1,80 
on carting heavier refuse now put through 
the waste hog and blown through the pipes. 
This traceable money saving of $9,360 each 
year is nearly three times the depreciation 
and interest on our K & B equipment. Some 
managers forget that the annual power cost 
may easily run 50% of the first cost of a 
blower system, and that a cheaper system 
may easily mean much higher real cost than 
when the best designed and most economical 
system is installed in the first place.“ 


A complete copy of this report will be sent to interested plant 
managers who will write for it on their company letterhead. 


THE KIRK & BLUM MFG. CO., 2855 Spring Grove Ave., Cincinnati, O. 
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Chromalox Electric Heaters 


FOR HEATING ISOLATED SHOPS AND OFFICES 


crane cabs drying rooms elevators — A 

laboratories milk storage rooms organ chambers Left Bulletin C-108 gives com- 

power houses pump houses scale rooms Catia aaan 

storage rooms sub-stations watchman houses Right —Bulletin C-106—new 

and dozens of other places that are hard-to-heat! — Bert Seen hans 
and Immersion Units. 


45 Sizes and Ratings. Three types. Horizontal, Vertical, Quick 8 
Portable: 1000, 1500, 2000, 3000 watts. 110, 220, 250 volts. electric heaters and heating units 


listed in both of these bulletins! 
Completely Assembled with 3 feet of cable, and 3-heat 


switch on standard conduit box. No assembly work! CHROMALOX | 
Easily Installed! Simply mount on wall and connect to * 
power line. Light and sturdy. Easily taken to the next job. Your Letterhe 
Quicker than extending steam line! Mail with 10 , Chromalot 3 ere, 

1 e . a C106 abon Crom B. 12 
Built to Last! The same type electric heaters fully ap- p J Sà 3 <,108 about 15 
proved for railway and street car service - will operate in- 5 Electric Heat 10 z 

* . . 2 
definitely on your heating jobs. We Need = F 
When writing for Bulletin C-108, send details about general con- = — S — 
struction of building, size of room or space to be heated, number of Bee — — = 
doors and windows, temperature required and voltage available. Then — — — — 
we can definitely tell you which size and type of electric heaters ee rm 
should be installed. — 
Sign” 


CHROMALOX units 


MANUFACTURED EXCLUSIVELY BY 


EDWIN L. WIEGAND CO., 422 FIRST AVENUE, PITTSBURGH, PA. 


Sole Canadian Lincensees—The Canadian Chromalox Co., Ltd., 251 Queen Street East, Toronto, Ontario, Canada 


The Railway Utility Company of Chicago is the sole distributor of Chromalox Strip 
Heaters for use in heating railroad and street cars in the United States and Canada 
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Fittings In Giant New Broadcasting 


Battery Room 


Every time you tune in on WTAM, the radio station of Willard 
Storage Battery Co., remember that Kondu Threadless Fittings help 
carry the power which brings you the music. Every one of the 
hundreds of conduit fittings in the great new battery room are Kondu. 


Perhaps you will never face a conduit job as exacting or as intricate 
as this one, but whatever the job, Kondu Threadless Fittings will 
save a substantial percentage of the time for fitting installation. 
Fitting installation time usually represents the largest factor in a 
conduit job. 


No threading is necessary—simply cut the conduit to size, ream, 
place in the end of the fitting, and screw down the locknut. A split, 
tapered bushing holds the conduit in a locked position, the ground 
rings in the bushing making complete conductivity. 

Because threading is eliminated, it is unnecessary to rotate the conduit 
to lock it into the fitting, so multiple bends around obstructions may 
be made. Bends save fittings and the time required to install them. 
Made of malleable iron—will bend, will not break—no scraping of 
enamel—ground rings insure perfect ground—no threads to rust— 
bead on bushing obviates danger of scraping insulation. 

The coupon below will bring you a sample fitting, and you can see 
the quality and advantages yourself—send for it. 
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65-in. Ohio Magnet and a heavy load. 


: Are lighest in dead weight 
! yet they have maximum lift- 
ing capacity and lowest cost 
of upkeep due to their effi- 
cient design, all asbestos in- 
sulation and the absence of | 

| bolts on the bottom or work- 
| 

| 


ing surface. 


The OHIO ELECTRIC AND CONTROLLER CO. 


5910 Maurice Ave., CLEVELAND, OHIO 
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A few simple twists of the wrist and all that there is occur. There is no confined pressure to cause danger- 
to a Pierce Fuse lies before you—two parts and the ous explosions; no charring to damage the fuse casing. 
link—simple as A, B, C. A screw driver or a thin dime, a new link and about 


15 seconds, are all anyone needs to renew a Pierce 
The complete lack of complicated parts in Pierce Puse. á 


Fuses is the reason why the two simple parts and the 


link can be made stronger and sturdier. That’s why ; ; f : 

they stand up under repeated blows—give longer, Make a point of inspecting a Pierce Fuse the next time 
better and safer service—and cost less to use. a salesman calls—or write for a sample. You will be 
fascinated with its simplicity, its strength, its ability to 
Perfect venting instantly releases all gases when blows give long years of safe and certain performance. 
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The Demand For Formica Grows! 


ORMICA steadily gains in popularity 

as the engineers and superintendents 
of American factories become more familiar 
.with its performance. 


This drift from other non-metallic gear 
materials is due to the fact that Formica 
combines remarkable durability with re- 
markable elasticity and silent operation. It 
saves the nerves of the men and increases 
their output. It saves the machine from 
shocks and increases its life. 


All metal drives are becoming rarer. There 
is a keen appreciation of the great advan- 
tages of more silence. 


FORMICA Formica blanks cut from sheet can be de- 
Gear — livered in a much shorter time than types 

Birmingham, Ala. of gears requiring special blanks built up 
Charles C. Steward Machine Co. . 
Boston with shrouds. 
Union Gear and Machine Co. 
83 Works. 
aa daa Try Formica the next time 


Chicago Rawhide Co. 
on G Co. 


you need a Silent Gear 


Cincinnati 
Cincinnati Gear Co. 


Cleveland 20 2S 


and tt Co. 
Stahl Gear and Machine Co. 
Hoboken 


8 THE FORMICA INSULATION CO. 
Keystone Engineering Co. 


Newark, N. 1 4640 Spring Grove Avenue ae CINCINNATI, OHIO 


Newark Gear Cutting Machine Co. 


Philadelphia 

Tarl Gear and Machine Co. 
Rodney Davis and Co. 
Sodus, N. Y. 

Alling Lander Company. 


St. Louis 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 


Turley Gear and Machine Co. 


Worcester 
Worcester Gear Company. 
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This Transformer is double-wound. air cooled, 
single phase, 220 volt primary. 220/110 volt, 
3-wire secondary. 

This type is carried in stock in % to 10 krva. 
capacity, 

For 440 or 550 volts primary. while not carried 
in stock, can be supplied promptly. 

These Transformers can be used for elther indoor 
or outdoor service. 


Electric Furnace Transformers 


These Transformers are supplied for Electric Fur- 
naces and other heating devices. 


The Transformer is primary-tapped. The switch- 
board is supplied with radial switches for ton- 
trolling the secondary voltage in 5% or smaller 
steps. 


If required. the panel can be equipped with safety 
devices such that when the panel door is open, 
the primary circuit is disconnected. thus elim- 
manng any danger when operating the contro) 
switches. 


Special Transformers 
We design and build transformers to your specifica- 


tions or to suit your individual requirements. 


USTRIAL ENGIN 


NEWARK 
TRANSFORMER 


A convenient, compact 
and portable— 


TESTING SET 


Ideally suited to the needs of manufacturing companies 
and industrial plants where insulation, process and other 
semi-high potential tests are required. 


Each set is equipped to handle the testing of such 
units and parts as may be specified by the user, and to 
deliver voltages up to 20,000 or higher. The standard 
equipment includes compression type rheostat, Weston 
voltmeter, pilot lamp, circuit breaker, double-pole, double- 
throw primary switch for 110 or 220 volts, single-pole, 
single-throw secondary switch and plugs for leads. 


This set is also supplied with the necessary equipment 
for oil testing. 


Descriptive circular on request. 
Thirty years’ experience back of each Transformer. 


Our Engineering Department will gladly help 
solve your transformer problems. 


NEWARK TRANSFORMER CO. 


Newark, N. J. 
General Sales Agents: 


Porter & Ross, Inc. 
30 Church St., New York City 
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7½ Horse Power Century 
Squirrel-cage Induction Polyphase Motor 


Material Handling Equipment 


“Keeps a-Runnimg” With 


Century Squirrel-cage Induction Polyphase Motors are especially designed to meet the 
severe service requirements in all types of handling, elevating and conveying equipment. 
“They Keep a-Running”’ because of the following characteristics: 


| 1 Amatures are practically indestructible. 


Copper conductor bars are brazed to 
channel-section end rings over an area 
equal to about six times the cross sec- 
tional area of the bars. 


Thorough ventilation is assured by sheet 
steel fans mounted on each end of the 
armature, and—in the larger size motors 
by the addition of grid ventilators as 
part of the armature structure. 


3 Bearings are of cast phosphor bronze— 


the highest grade bearing material ob- 
tainable—accurately machined on all 
dimensions and provided with machine- 
cut figure-8 oil grooves. 

Bearing housings are as nearly dust 
tight as it is possible to build them. 


5 Shafts are of special shaft steel, ground 


true and then polished on all bearing 
surfaces. 


Century Squirrel-cage Induction Polyphase Motors are built in all standard sizes from } to 
50 horse power. 


Temperature rise not more than 40° Centigrade. 


CENTURY ELECTRIC COMPANY 
1806 Pine St. St. Louis, Mo. 


For More Than 23 Years at St. Louis 


A to 50 H. P. 


4 to 50 H.P. 
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We standardized on Falk herringbone gears throughout our 
plants for all the hardest drives. Altogether over 75 Falk 
drives, ranging from 25 to 75 h. p., are in use on saws, conveyors, 
fuel house drives, etc. All drives have been operating 10 to 20 
hours a day since 1922 and 1923, vet we have had neither trouble 


nor production delays due to any failure of the Falk gear units. 
SPEED satisfactory, and we would not think of doing without them. 
We are enthusiastic about all our Falk equipment because, once 
RED U C E R 8 installed, it is so dependable that it can be forgotten.“ 
J. W. GATES, Jr. 


Crossett-Watzek-Gates, Chicago 
The Falk Corp., Milwaukee, Wis. 


Falk gears and Falk-Bibby couplings have been entirely 
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VEN in the most modern steam engines, seldom more than one-fifth of 

E the heat value of the fuel is converted into power. In other words, out 

of every five tons of fuel used, only one ton actually produces power 

that turns your machinery. A considerable loss occurs in converting water 

to steam in the boiler. Another large loss is caused by the discharge of ex- 

haust steam, even when efficient condensers are used. In addition to these 
are the losses due to radiation of heat and due to friction. 


An overall efficiency of twenty per cent presupposes practically perfect 
lubrication. With every increase in friction, whether in the driven machin- 
ery or in the steam engine itself, the percentage of power that is available for 
work is decreased. More fuel must be burned to overcome this friction in 
order to produce the same amount of available power. 

To secure the largest possible percentage of work from the fuel you burn, it is nec- 


essary that your machinery both engines and driven machinery be lubricated with 
oils and greases that exactly suit their requirements and reduce friction to a minimum. 


Standard Oils and Greases 


are lubricants of the highest quality, and are made in grades to suit the requirements 
of all machinery now used in the industrial world. 

Standardize on Standard Oils and Greases and you will save fuel, reduce deprecia- 
tion and repair expense, and get more power. 


STANDARD OIL COMPANY 


(INDIANA) 


910 South Michigan Avenue Chicago, Illinois 
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Heating element of C-H Space Heater is 
embedded in a new refractory material. 
Heating efficiency is high radiation is 
quick—insulation perfect. Very durable. 


Why punish men or handicap 
equipment by unnecessary cold? 


OLD men fumble, blunder,— often have their 
say about their boss. Cold machines eat power, 


balk,—break. 


Certainly heating pays, but the question is, How 
shall we do it?“ Old heating methods are often too 
cumbersome to be practical. Sometimes they are 
impossible. Cutler-Hammer Space Heaters are the 
solution. 


An electrical crane cab, for instance, or an ele- 
vator car can’t be piped for steam heat. But wher- 
ever electricity is available these C-H ‘‘Heat Sticks“ 
can be installed—in any necessary number. 


Just 2 feet long, slim and compact—they are 
adaptable to all installation conditions. Can’t be 
upset—they are safe. | 


Economical, too. Investment is negligible— 
efficiency is high. The heat is applied at the 
point needed and in the correct amount. 


In all plants there are many heating jobs which these 

C-H Heat Sticks can do better—heating isolated rooms 

and buildings, maintaining proper temperatures of oils, 

chemicals and gases, applying heat at specific points 
in manufacturing processes. 


Your electrical supply house has C-H Space Heaters. * 
$2.00 each slightly less by box [10]. Order them today. The “Dictionary of 


Uses” describes 
C-H Space Heaters in Cab on Coal scores of typical in- 


Bridge, Milwaukee Western Fuel Worn or OPN 
bon Milonic, Wi The CUTLER-HAMMER Mfg. Co. ls t çi 
Pioneer Manufacturers of Electrical Apparatus phe et ches cl A 
1219 St. Paul Avenue suggest others. Write 

MILWAUKEE, WIS. l 


CUTLER-HAMMER 
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THE NEW PALMER HOUSE, Chicago . . 8 


American Steel Wire 


Company's 


CHICAGO .. .208 Se. La Salle Street Sr. LOUIs 506 Olive Street NEW TORK. 

CLEVELAND... . Rockefeller Bldg. KANSAS CITY...417Grand Avenue pocton 

DETRON 55 OKLAHOMA CITY............. ee 
. . Foot @ Strest First National Bank Bldg. PITTSBURGH .... 


CINCINNATI..... Union Trust Bidg. BIRMINGHAM .. Brows-Marx Bldg. PRILADELPHIA 
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Holabird & Roche, Chicago 


General Contractors 
L. K. Comstock & Co., Chicago 


Eleetrical Contractors 
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RUBBER-COVERED WIRE 


We take distinct pride in the selection of our 
product for this building. It not only further 
proves the many superiorities of the wire, but is 
an excellent example of the standing of American 
Steel & Wire Company electrical wire with lead- 
ing architects and contractors. 


When wire specifications are most exacting for 


buildings of any size, large or small, American 
Steel & Wire Company wire may be specified 
and used with perfect confidence in its long sat- 
isfactory service.. Let us send you an indexed 
catalog and handbook of Electrical Wires and 
Cables. Estimates furnished promptly from any 
of our offices in all of the principal cities. 


SALES OFFICES 


gi ported oer Uf PAUL..... MEMPHIS .................... 


Merchants Nat'l Bk. Bidg., St. Paul 


... Union and Planters Bank Bldg. ATLANTA. 


Widener Mar. BUFFALO.......670 Ellicott S 


101 Marietta Street WILKESBARRE. . Miners Bank Bldg. SALT LAKE CITY . Walker Bk. Bidg. 


UNITED STATES STEEL PRODUCTS COMPANY, San Francisco, Los Angeles, Portland, Seattle 


Vol.84, No.12 


- Architects 
George A. Fuller Co., Chicago—New York 


Wired with 


DENVER . . First National Bank Bldg. 
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110-volt lighting 
from 440-volts 


440 Volts 
Type W 
_\Transtormer 


3-phase supply 
2-phase operation 


Light at 110 


'— and for conduit systems 
type M Transformers and 


Auto-transformers are built 
to fit right into the line 


One of the desirable features of type-M’s is the 
convenience with which these G-E Transformers 
can be used in either existing or new conduit 
wiring installations. For any of their various 

applications, the principal ones of which are 
hd cy geting ere illustrated above, they can be supplied so as to 
Air-Cooled Transformers— fit right into the line. 


ratings, dimensions, prices 
—a descriptive leaflet is 


available, through General . : . W 
Ploti Gidea kek te Carried in stock for either wiring system 


No. 65105. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL PRINCIPAL CITIES 
— — —— —— — e r Ee oes 
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eric arc i 4 a il I Transformer 


E 
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Ea — 
93 Here is real serviee 


i Feeding 110-220 volt 3 wire 
lighting circuits from power 
lines. 


This American Transformer is of the two wind- 
ing type, the primary being wound for single- 
phase 220 volt and the secondary for 110/220 
volt. It is built in sizes 1 to 5 Kva. and is car- 
ried in stock for 220 volt 60 cycle primary. It 
can be wound for 440 or 550 volts for fairly 
quick delivery. 


This transformer can be used indoor or outdoor 
and is exactly what the distribution superin- 
tendent and industrial plant electrical engineer 
require where the use of an auto transformer is 


forbidden. 


If you have a transformer problem the services of our 
engineering staff are offered you without obligation 


AMERICAN TRANSFORMER 
COMPANY 


180 Emmett Street, Newark, N. J. 


A Transformer to Meet Every Industrial Application 
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E LIVE in the electrical age. 

The most loved possession of 
the small boy is his electric train. 
The most faithful servants of the 
American woman are her electric 
appliances. The most economical 
power for man's great industrial 
plants is the electric power gener- 
ated by central stations. 


The key to the smooth, continuous 
functioning of every one is a strand 
of copper wire. Under the surface 
of a multitude of these toys, appli- 
ances, and huge generators lies 
Rome Magnet Wire. 


Ihe electrical generation 


For throughout industry you will 
find a growing preference, for Rome 
Magnet Wire, and for all Rome 
Wires. There is in these Rome pro- 
ducts a desirable quality, brought 
by complete manufacture, super- 
vision, and inspection in the Rome 
mills—from wire bar to finished 
copper wire. 


Rome Service—ample stocks and 
competitive prices—are at your 
disposal, while an opportunity to 
quote on any of your wire re- 
quirements will always be wel- 
come, 


ROME WIRE COMPANY, ROME, N.Y. 


ROME WIRE 


WIRE BAR TO FINISHED COPPER)WIRE 


Single Cotton 
Enameled 
Magnet Wire 


SS — — — — . S ——— „„ — ee xp ra —— — ee eee ee 


—— — — — ———— — ͤ — 


I Weatherproof I Trolley Hire Tinned Copper PE 
E $ Wires and Cables pA and Cables ee Wires and cables 


Peace OFT BF ot 
iy SS 
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ECAUSE of its small outside di- 
ameter, Rome Enameled Magnet 
wives and abies [i Wire is increasing in popularity every 
T year. Particularly is this true with the 
manufacturers of the smaller types of 

electrical equipment. 


Perfected by a research department 
thatis constantly investigating and an- 
alyzing—backed by twenty years of 
manufacturing experience - there is 
small wonder that this, and all Rome 
wires are appreciated by their users. 


== WANA 
Ca 
a 
\ 


.. \ 


Ol i . 


a 
— 
TRAN 


0 


\ \ | 
Fe À = 


If you will let us know what wires you 

are interested in, we will be glad to 

send you samples, catalogs and other 

BD pita Fletible information that will be of help. To 

F those who have a particularly difficult 

„ wiring problem, we offer the advice of 
our Engineering Department. 


ROME WIRE COMPANY 
Mills and Executive Offices: ROME, N.Y. 
Diamond Branch: Buffalo, N.Y. 


New York—50 Church Street 
Boston—1011 Little Building Chicago—14 E. Jackson Bivd. 
Detroit—25 Parsons Street Cleveland—1200 W. 9th Street 
Los Angeles—J. G. Pomeroy, Inc., 336 Azusa Street 
San Francisco—J. G. Pomeroy, Inc., 960 Folsom Street 


Mining 
ine Cables i “4 


e Google 
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AINI 


this Way— 


Use Vorcolite 
flat white, specially compounded of the finest mate- 
rials for gun application. Apply with the 
Vortex Equipment 
loaned without cost—a large capacity, rapid working 
paint gun, unequaled in covering big areas. Rely on 


Your Handy Man 


to do the work. With our paint and equipment he 
paints better and faster than a large squad of hand 
painters and needs scarcely any scaffolding. 


One Application 


suffices, as against two coats for any gloss paint. 
Flat white is better and more lasting. For additional 
data and estimate write to 


THE VORTEX MANUFACTURING CO. 
1986 West 77th Street Cleveland, Ohio 


— 
pre 
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175/200 h. p., 780-800 r. p. m. Type T Heavy Duty Reliance Motor Driving Buffalo Exhaust Fan 


D-C Motors up to 300 Horsepower 


OU may have thought of us as makers of motors in the smaller 

sizes only. We make the bigger ones, too—up to 300 h.p. 450 
r.p.m. These motors have earned their title “Heavy Duty” in the 
steel mills, rubber mills, paper mills and other industrial plants 
with jobs for big motors to do. 


We are daily coming into contact with jobs that can be 
done better and quicker with motor drive and suitable 
control. Many users have found our experience helpful. 
We shall be glad to work with you and take our chances on 
showing you how to get results that will justify an invest- 
ment in Reliance Motors. 


Reliance Electric & Engineering Co. 


1051 Ivanhoe Road, Cleveland, Ohio 


Branches: Boston, New York, Philadelphia, Pittsburgh, Cincinnati, 
Detroit, Chicago, Birmingham, Ala. 


We build both D-C and A-C motors 


Ne a mmia 
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Ebery Industrial Plant 
has use for this 
Y Safety Sitch 


Concentric 
Knockouts 


De 


Type A contact. 
The contact fin- 
ger is of spring 
copper, sweated 
and pinned into 
solid terminal 
block. 


2 heavy springs 
which operate 
switch, 


Safety handle. 


Interlocking de- 
vice prevents ac- 
cess to fuse until 
they are dead. 


There are many safety 
switches, but this Type “A” 
heavy duty V Safety Switch 
is built, not on a price 
basis, but rather to give 
the industrial plantaswitch 
that will meet every re- 
quirement of service, for 
all time. 


It is very ruggedly built 
and made to stand up un- 
der full load or overload 
conditions without break- 
down. It will last indefi- 


ny, 


Fuse clip 
terminals 


Type “A” heavy 
duty V Safety 
Switch 

Made in all capac- 


ities. For general 
industrial use. 


Type “A” closed. 


Fool proof and good 
insurance. 


V 


SAFE 


TRUMBULL-VANDERPOEL 
ELECTRIC MFG. CO. 
BANTAM, CONN. 


WITCHES 


nitely, and will continually guard the 
safety of employees. The installation 
of these switches is good insurance. A 
few of the important features are 
pointed out above. 


Our representative will give you more. 
A line to us will bring him. 


We make Safety Switches for every In- 
dustrial purpose. 


Complete stocks are carried 
in eleven distributing points 
throughout the United States 


TY 
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In this Hacker Hand Press, at the ponts where the 
oressure is heaviest and where absolute accuracy and 
smoothness are essential, “HOFFMANN” Precision 
Roller Bearings are used. 


UILDERS of machines which 
derive their value from the 
quality and quantity of the 

work they are capable of doing over 

long periods, fortify their product 
with “HOFFMANN” Precision Roller 

Bearings. Their unusual combina- 

tion of load-ability, speed-ability 

and service-ability safeguards 
against losses in production. 


Write for Catalog 904, describing the “HOFEMANN”’ 
in both standard (rigid) and self-aligning ty pes; and for 
Catalog 915 giving sizes, dimensions and load ratings. 


For thesmaller powers, lighter loads, 
and all speeds up to 50,000 R.P.M. NORMA - HOFFMANN BEARINGS CORPORATION 
with the utmost in dependability. STAMFORD, oN W. U.S. A. 


UFFMANK 


PRE CUSIVN 
K ROLLER BEARINGS 


14 


offer machinery builders an excep- 
tionally high factor of safety, make 
ing for longer life and lower cost. 


Catalog 905 describes them. 
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Left!—Left!—with machine-like precision every foot and arm 

swings forward as one. Imagine the effect that one man out of step 

would have on that perfect line of march! But it never happens. ct 

Each individual does his part exactly right. Safety Enclosed Switchboard, Removable — 
= 


The same sort of teamwork from engineer to * p 
inspector must be developed to build switchboards 
that are one hundred per cent right. The Condit 
organization possesses the facilities to design and 
build the type and size of switchboards that will 
meet your exact requirements and the teamwork to 
make them as near perfection as humanly possible. 


CONDIT ELECTRICAL MFG. CORPORATION 
Manufacturers 5 1 Protective Devices 


han Electric Company 
Sole Distributor for hal Dominion of Canada 


For safety enclosed switchboards — removable Outdoor 
truck type — benchboards, electrical and manual Switch House 
controlled switchboards, get in touch with Condit. 
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Maximum 
Flexibility 


over widest range 


$2 2 dhan OT & ££ a 


of current and 
space requirements 


A few typical methods of 
mounting and intercon- 


necting Monitor Edge- 
€> wound Resistors. A single unmount- 
ed unit is shown in the foreground. 


Terminal clamp 
used for making 
terminal connec- 
tions and for mak- 
ing electrical con- 
nections between 
units in two or 
more banks. 


— — — sf 


Bridging clamp used for 
connecting adjacent 
units in the same bank. 


6231-3 


Terminal clamp 


used for taking off 
an intermediate tap. 
Clamp may be 
placed anywhere on 


| resistor unit 


New York Chicago Buffalo 
Cincinnati Boston Pittsburgh S 
Cleveland 


Monitor Edgewound Resistors oper- 
ate perfectly either in the horizontal 
or vertical position. The illustration 
exemplifies the wide variety of ar- 
rangement available for meeting 
practically any current or space re- 
quirement. 

Each resistor is composed of one 
or more spirally wound ribbon units. 
The resistive conductor is a nickel- 
copper ribbon made in different com- 
positions and in different thicknesses 
to obtain various resistance values 
and current capacities. 

The individual units may be con- 
nected in series to obtain greater 
resistance, or in parallel to obtain 
greater current capacity as conditions 
may necessitate. The units that are 
to be thus connected are mounted in 


one or more horizontal banksas space 
requirements may necessitate. These 
banks, or individual units in the vari- 
ous banks, may in turn be connected 
in parallel or in series to give the 
total resistance and current capacity 
desired. 

Twosimple forms of clamps which 

take a positive, firm grip on the re- 
sistive conductor, are used for con- 
necting units or banks of units in 
series or parallel, for making terminal 
connections or for taking off taps at 
any desired point on the individual 
units. 
This great flexibility is but one of 
the many advantages of Edgewound 
Resistors. Full information is given 
in Bulletin 10-107, a copy of which 
will gladly be sent on request. 


MonitorControllerCompany 


BALTIMORE, MARYLAND 


9 


Los Angeles 


Philadelphia St. Louis Birmingham 
New Orleans Detroit Washington 
San Francisco 


Monitor Edgewound Resistor 


u z 
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Allen-Bradley Company, 491 Clinton St., 
Milwaukee, Wisconsin 
If your starters can reduce our operating costs 
and increase production, we want to know 
about them. Mail your catalog today. 
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Buy Line Shafting Bearings That They May 


Vol. 84, No. 12 
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Serve YOU — Not That You May Serve THEM 


LAIN bearing hanger equipment requires oiling 
almost every day = Skayel only twice a year. 

Plain bearing hanger equipment requires frequent 
adjustments to compensate for misalignment due to 
settling of buildings and other causes. Skayef is SELF- 
ALIGNING and requires no adjustment. 


Skayef self-aligning ball bearing hanger equipment, 


2K 


by effecting definite savings in power, labor and 
lubricant costs, pays for itself in less than two years 
time, depending upon operating conditions. 


Write for certified copy of report of a disinterested 
group of engineers, covering a typical Skayef instal- 
lation either in your own industry or in one closely 
related to it. 


MARKED 


Self-Alignng HANGERS Ball Bearing 


SKF INDUSTRIES, INCORPORATED 


— 


165 BROADWAY T NEW YORK CITY 
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Speed reducers by D. O. James Manufacturing Company—a product 
backed by the same reputation that has so firmly established James Spur 
Gear and Worm Speed Reducers with industry. 


Made under a special process that allows for a continuous V shaped 
tooth with a 20° pressure and a 30° helix angle, in all ratios from 2 to 1, 
to 150 to 1, and from 2 to 200 H. P. 


The many features of longer life, less power consumption, elimination 
of vibration, greater reduction in a given space, speeds and heavy duties 
makes these units ideal for the severe service for which they are intended. 


Let us tell you more about James Continuous Tooth Herringbone 
Speed Reducers. 


DOJAM 


1120 W. MONROE STREET 
CHICAGO, ILL. 
® 
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The Clark 3C“ Brake is of the split-band type. It 
combines band-brake efficiency with shoe-brake 
characteristics. 


Is equally effective in either direction of rotation. 
Has shown exceptionally low maintenance cost. 


This brake is now in use in over twenty-five dif- 
ferent plants and has been given unqualified 


approval in every case. 


For Further Information Write 
for Bulletins 102 and 102-A 


THE CLARK CONTROLLER CO. 


CHICAGO DETROIT NEWYORK 1146€.152"°-st. PHILADELPHIA PITTSBURGH BIRMINGHAM | 


53 W. JACKSON BLVD. FRANCIS PALMS BLDG. WOOLWORTH BLDG. wast ATLANTIC BLDG. UNION TRUST BLOS. 


R. E. BOCK L.HALLISONCO ` K.1.CLISBY O.L.HOLCOMBE A.B.HOLCOMB C. P. LEIBOLD 


DIST. MANAGER DIST. MANAGER DIST. MANAGER DIST. MANAGER DIST. MANAGER ST. MANAGER 
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BUSS FUSES 


oe APPROVED IN ALL 
< (ASE) TYPES AND SIZES 


Buss Fuses Keep 


Century ‘‘a-Running” 


The makers of the renowned Century Motors find that BUSS Re- 
newable Fuses meet the most exacting tests of service to give them 
complete electrical protection. 

The illustration is an interesting view of one of their electric 
furnace rooms. The circuit controlling these furnaces as well as 
the multiplicity of other circuits throughout their plants are 
being protected by BUSS Renewable Fuses. 

The testimony of thousands of such satisfied users and the 
simple correctness of BUSSdesign are in themselves convinc- 
ing proof of BUSS superiority— but only the actual test of 
service will show you the true saving in time, labor and 
money that an installation of BUSS renewable Fuses 

will give you. Specify them on your next requisition. 


A sample is yours for the asking. 
BUSSMANN MFG. CO. ST. LOUIS MO. 
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8 2 Re mi Se ` They are bushings—they keep your 
n Link-Belt Silent Chain Drives work- 
aa ae > ing at top efficiency even after long 


Way. 2 


want 4s, 


„ WY years of service. 


Notice how the smooth 
hardened pin fits in be- 
tween them? 


They take all the joint wear— 
there can be no elongation of 
the hole or eye of the link— 
this construction is truly 
different“. 

There's the secret of durability 11 Be Bias a . 


erer 


and incidentally smooth running, 20 4 O 


rr 
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98.2% sustained efficiency (actual 3 8 
test) in our Silent Chain Drives 7 N — —— 
it's in the joint construction. 


p > * 
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Another reason why Link-Belt | Sgt ee 
Silent Chain Drives, after 5, 10, 15 : | 3 Rees 
and even 20 years, are still in : | ae 


service. 


* 
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Learn more about Link-Belt Silent Chain Drives 5 fas), ee, n 8 A 
and how they may be applied to machine tools. n 5 oy 39.4 GN 
Send for a copy of Book No. 812. Also send for a —4 “ a ee SSRs 2 


copy of our Silent Chain Data Book No. 12-5. 1 ̃d8 CO ĩ ˙ 


Drives from to 10 BLP. carried 


2724 in stock throughout the country. 


LINK-BELT COMPANY 
Leading manufacturers of Elevating, Conveying and Power Transmission Chains and Machinery ay a? 
PHILADELPHIA, 2045 Hunting Park Ave. CHICAGO, 300 W. Pershing Road INDIANAPOLIS, P. O. Box 85, Offices in Principal Cities 


K-BELT 


Efficient Silent Chain Drives 
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Chinalak treated motor operating in a Sul- 
phuric Acid Bath. A eommon sight at the 
Annual Exposition of Iron and Steel Engineers. 


14 Chinalak Treated Motors—9% Months at the Bottom of the Sea—in the S-51—Still in Working CONDITION 


—— Severity of Tests Only Magnify the 
—* | «Extraordinary Qualities of Chinalak 


In the laboratory, at expositions, and in actual service, Chinalak has been 
submitted to the most drastic tests. A Chinalak treated motor has been 
operated in a 15% Sulphuric Acid bath for more than a thousand hours. 
Chinalak treated parts have been cooked in lubricating oil at 212° for more 
than seventy-two hours. The motors taken from the ill-fated 8-51 
after being cleaned up were run under their own power after nine and a 
half months at the bottom of the sea. Records show an infinity reading be- 
tween fields and ground. 


Certainly there can be no question as to Chinalak’s serviceability—its abso- 
lute oil and water-proof qualities, its great resistance to acids and alkalies. 


Furthermore Chinalak is extremely elastic, will not “liver” or “go back” 
and does not affect enameled wire. 


If you are open to conviction you MUST 
use Chinalak. Avail yourself of our offer 
(absolutely without strings). 


JOHN C. DOLPH CO. 
Newark, N. J. 


Agents Carrying Stock: Baker-Joslyn Company, 
San Francisco, Calif.; Detrick-Joslyn Company, 
Los Angeles, Calif.: The Fleig Corporation, 
Chicago, Illinois, Cleveland, Ohio. 


Representatives: Mutual Foun- 
dry & Machine Co., Atlanta, Ga.: 
B. Pemberton. Rochester, N. Y.: 


A.S.T.M. Method of Testing Insu- 
lating Varnish for Oilproof Qualities. 
The effect of oil on a varnish is being determined 


by immersing specimens in oil at a temperature 
of (100° , f2i2 F) for 48 hours and noting 


‘has adi 4 
the effects on the varnish. York. N a Company, New gE = 
a speci > re’ r g i > 7 r * 
If a specimen of oil, filtered through filter paper, A. Afpertion). “Phila pP GC De x 
can be distinguished from an unfiltered sample delphia. Penna.: Earl S > : 
when the two samples are held in front of a B. Beach Co., Pitts- s x 
strong light, the degree of turbidity in the latter pou Pere W. H. 1 Š <% ka 
will indicate the solubility of the sample tested. : j 7 > ON 
. 
Fn Sry 
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An Important 
Renewal Item 


HE bearing is the point of 
greatest wear ina motor. Re- 
babbitt worn bearings in Westing- 
house industrial motors with 
Westinghouse Alloy No. 25—just 
as you replace other worn parts 
with Westinghouse renewal parts. 
Then, you keep the bearings up to 
the high standard set by the rest 
of the motor; you maintain the 
balance (mechanical and electrical 
characteristic of all Westinghouse 
motors. 


Westinghouse Electric & Manufacturing Company 


East Pittsburgh Pennsylvania 
Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


Alloy No. 25 
(Lead Base Babbitt) 


WESTINGHOU. 


CLECT 
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A New Motor-Starting 
Oil Circuit Breaker 


Type MF 


Capacity 1,000 hp. at 2,500 volts. Interrupting capacitics 
1,000 to 7,200 amperes at rated voltages. 


ANUALLY operated, for start- 

ing. in connection with auto- 
transformers, three- phase induction 
motors and self-starting synchronous 
motors. j 


A careless, or ignorant operator can- 
not throw the wrong switch handle 
when starting the motor. A me- 
chanical sequence-starting interlock 
prevents throwing the breaker to 
the running position without first 
going through the starting position. 


Some other distinctive features are: 


One tank contains all starting and 
running connections, immersed 
in an ample head of oil. 


A highly efficient form of wedge and finger-type contacts 
is used. The fingers are flexibly mounted, therefore self- 
aligning, exerting high contact pressure by means of a 
separate stiff-steel spring. 


The safety of the apparatus is assured by inverse time limit, 
automatic overload current-transformer trip coils, and 
by under-voltage release mechanism, which opens the 
breaker when the voltage fails. 


Send for Leaflet 20292; it gives a full description of the 
MF breaker. 


Westinghouse Electric & Manufacturing Company 


East Pittsburgh Pennsylvania 
Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


Westinghous 
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Clean Lights 
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„are Clear ‘Lights 


YSTEMATIC cleaning of lamps and reflectors is an easy matter, 


with Westinghouse automatic cut-out hangers. A pull on the 
rope and the fixture comes down. The cleaner is absolutely safe, 
because the lamp is cut off from the current supply. After the 
fixture is clean, it is pulled up and automatically locked in position. 
A simple operation and a safe one. 


For cleaning or lamp renewal, the installation of these hangers is 
a measure for safety, economy and efficiency in your plant. Write 
our nearest district office for complete information. 


Westinghouse Electric & Manufacturing Company 
Merchandising Department South Bend, Indiana 
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Spark Test. Projecting lantern for physi- Spring Type 
Visible check on cal research and examination Bearing Testing Ma- 
steel composition per- of specimens. chine. for testing en- 
formed by an expert. durance under load. 


HE enduring quality and precision of New Departure Ball 
Bearings is assured by the most exacting laboratorial checks and 
tests known to metallurgical science. 


The production of New Departure Ball Bearings has doubled within 
the last five years. The endurance life of New Departure Ball Bear- 
ings has increased 600 per cent. in the same length of time. 


ow saf of ebe, New Departure f data in me 
at your disposal for the furnished you together 
solution of your bearing uall with a convenient binder 
problems. A request puts provided you can make 


you under no obligation. : Ball Bearings advantageous use of them. 


THE NEW DEPARTURE MANUFACTURING COMPANY 
Chicago Bristol, Connecticut Detroit 


Amsler Precision Compres- Physical Testing Labora- 
Chemical Laboratory. Re- sion Machine. Capable of tory. General research 
search for both quali- measuring resistance to and testing for 
tative and quanti- crushing forces of from 150 quality of 
tative analysis pounds to 200,000 pounds. product. 
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MAINTENANCE SERVICE REPAIR PARTS. TOOLS ann SUPPLIES 


In the maintenance departments of every industrial works and in f! A | 
every commercial electrical repair shop the range of the work that ' = 
can be done and the dollar-savings that re possible depend on 

(1) The ability and experience of the maintenance man, 

(2) Adequate hand and bench tools and shop equipment, 

(3) A well-balanced stock of spare units, parts, wiring supplies 

and raw material used in repair work. 

Here then is a directory to the needs of the maintenance man 
inder items (2) and (3) that he can use when he must have 
things in a hurry on an emergency job and when ordering for stock 
to meet his regular maintenance requirements. 


rr 


FIGURE IT OUT 
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GUARANTEED 
To Save Money! 
ALL JIFFY TOOLS 


are guaranteed to prove satisfactory 
or your money refunded promptly. 
Order any tool on approval. 


“CARENCO” 
* > BRUSHES 


Operate without 
spark or noise. 

These characteristics 
are so noticeable, 
they eliminate all 
costly identification 


marks. 

After thorough tests 
Carenco' Brushes ure 
adopted as a Standard 
Brush equipment by 
many of the biggest 
Users. 


PTT 


Wr e e e e l e l i Lae 


“HERY 


Adjustable 


CUTTER 


OOTO i 


Let us send you our new catalog and data 
sheet. Prove the value of Carenco“ 
Brushes to yourself! 


CARBON-ENGINEERING-CO. 


Milwaukee, Wis. 


MTT iL ieee 
teteee 


ieee 6066865665666 nee 66e.⁰˙˙ë.Nν%⁰.ỹi⅛ÿ,iS 666% 
H 


Cuts holes in steel boxes, switch- 
board panels, etc., any diameter 
3 in. to 6 in., quickly, easily and 
inexpensively. A time- and labor- 


| Maintenance 
saver necessary in every electrical : ; e 
department e. and Repair 


r FE E will get special 
JIFFY s attention in . 
PIPE February, 1927, issue 


VISE 


Flower Brush Holders are de- 
signed and built by brush holder 
specialists to meet the needs of 
a specific job. They’re simple— 
they're rugged—and they're 
made only from the finest virgin 
metals. Naturally they last 
longer, are more reliable, and 
parctically eliminate “flashover” 
risks. 


Quotations gladly given on any type 


FLOWER 


BRUSH HOLDERS 
D. B. FLOWER 


1217 Spring Garden Street, Philadelphia 
Manufacturers of Brush Holders 


for Motors, Rotary Converters, 
Generators and Dynamos 
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LOCK YOUR LAMPS| 


ONLY 


WITH 
RE N TWO PARTS 
Ea 


18 SPRING | NO ; 2 Spark 
sp it | : Ag 


Makes perfect bends, quickly, easily 
and accurately without kinking, flat- 
tening or splitting the pipe. Bends 
either downwards or sidewise. Elimi- 
nates in many cases costly fittings. 
Insures absolute accuracy. 


HNUTTTOREOEED ET EOOHURENDATEDEORONEODERED ORD DUORUEURODTOND EU REO RE pRHETOOOEEORONTNEDIORND. HUUEREEAURONT OE ERTROENOUTERTERTTOERERUTEPETEL ERE ERTERED TET ET RETENDEPEERERDTTETDORPOREDTO RODEN PERENTEREOET ED PED REED ONRT OR RREATDRNET ONT RTOTRONOROTT RON TERRE RHT ENTER ON ONTRYTTONOREONTRODODHRODD 


SUCRTTURTTOOTT TORT , 


= 
eee 


Bends either 4- or .in. conduit. 
Strongly built, it will serve also as an 
ordinary pipe vise for pipe up to 2 in. 
Pays for itself in Time and Money 
Saved. A Real Labor Saver. 


Order It on Approval. 


PAUL W. KOCH & CO. 
33 S. Wells St., CHICAGO 


Write for Complete Catalog 


(LLALETTITETTETETTTTEE a 


FIT Carbon 
STANDARD OG Ps 


BULBS 
AND sis Bai kau 
SOCKETS ^ SROOvED ine serve better than ordinary 


i Brushes. Give them just 
We Sell Direct-Write for Samples al. 


one 
Ren Mfg. Co. 971 Main St. Winchester, Mass. Calebaugh Self-Lubri- 
: cating Co. 
1503 Columbus Ave. 
Philadelphia, Pa. 


POPPERI POOUTTRETED O41 HO COERTTS EERE Fa TT PEST I DOS ET TTI FOES PORPP PERPE POEET PE PETE PETS . ⅛ ᷣꝙÜ» . 
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ON ANY brush-equipped electrical ma- 
chine, look at the brush shunts. Look 
for the Silver Strand. It is the visible 
identifying mark on all National Pyra- 
mid Brushes—your guarantee of satis- 
factory brush performance. 

All shunts of National Pyramid 
Brushes now bear this Silver Strand 
as an identifying mark, visible to the 
most casual glance. The familiar letters 
NCC, the three pyramids and the grade 
number will still be found on the brush 
itself for your guidance in purchasing 


INDUSTRIAL ENGINEER 


This Silver Strand 


Reg.) 


and installing. When the brush is in 
service, the Silver Strand in the shunt is 
a visual sign to all that here is a National 
Pyramid Brush, supremely suited for 
the work for which it is designed. 
Thousands of brushes are now in use 
bearing this shunt, which has the same 
conductivity as the former unmarked 
shunts. The Silver Strand is a mark that 
indicates, but does not affect, the per- 
fection of performance you have learned 
to expect from National Pyramid 
Brushes. Look for the Silver Strand. 


39 


now marks the shunts of all 
National Pyramid Brushes 


National 


Pyramid Brushes 


Manufactured and guaranteed by 
CARBON COMPANY, 


Carbon Sales Division 


NATIONAL 
Cleveland, Ohio 


INC. 6 ? 


San Francisco, Cal. 
Canadian National Carbon Co., Limited, Toronto, Ontario 


Emergency Service Plants 
PITTSBURGH, PA. NEW YORK, N. Y. 
7th Floor, Arrott Power Bldg. No. 3, Barker Place 357 West 36th St. 
Phone: Atlantic 3570 Phone: Lackawanna 8153 


CHICAGO, ILL. BIRMINGHAM, ALA, 
551 West Monroe St. 1824 Ninth Ave., N 
Phone: State 6092 


Phone: Main 4016 
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Meals must 


e 
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Westinghouse Motors 
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be B 


alanced 


—so must MOTORS 


EAT, mashed potatoes and white 

bread, with cakes, cheese and 
coffee. sounds like a pretty good layout, 
doesn’t it? 


A submarine crew tried such a diet and 
was forced into port after eight month's 
cruising with some of their men at the 
point of death. 


Similarly, unbalanced design—improper 
proportioning of the factors listed here— 
may hurry a motor into the service 
shop. A motor’s life and service de- 
pend on the skill and experience with 
which the manufacturer balances all the 
factors to one another and to the work 
for which the motor is designed 


For instance, efficiency: Beyond a cer- 
tain point in the design of every motor, 
added efficiency can be obtained only at 
too great sacrifice of other qualities. Com- 
pare a Westinghouse alternating-current 
motor of 89 per cent efficiency, with a 
rival motor rated at 90 per cent. On the 
face of things this comparison is unfav- 
orable to Westinghouse. Look at power 
factor, however,and you find that to gain 
per cent more efficiency the rival mo- 


are Ralanced 


tor has reduced power factor to 85 per cent, while 
that of Westinghouse is 88 per cent. Thus in terms 
of power bills the motor with a closer balance be- 
tween power factor and efficiency is by far the better 
motor. 


A motor is balanced when the following factors are 
properly proportioned to one another and to the job 
which the motor has to do: 


Electrical Mechanical 

1. Temperature 8. Air gap 
2. Torques : 
3. Efficiency e 
4. Power Factor (in alternating- 10. Shaft 

current motors). 11. Steel 
5. Speed characteristics 
6. Insulation 12. Assembly 
7. Commutation (in direct · current motors) 13. Rotating smoothness 


To get true value in a motor look at a// these factors, 
not merely at one or two. 


In Westinghouse Motors each factor has been 
weighted after years of experience extending into 
every industry and dating from the dawn of the mo- 
torizing idea. A truly balanced design for every pur- 
pose is the result. 


Westinghouse Electric & Manufacturing Company 


East Pittsburgh Pennsylvania 


Sales Offices in All Principal Cities of 
the United States and Forcign Cuuntries 


X88782 


WESTINGHOUSE 
ELECTRIC 
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Above: One of Citroen’s con- 
veyors that is REBVES - 
controlled. 


Left: The Eiffel Tower in 
Paris—the World’s highest 
electric signboard. 


André Citroen Knows the 
Value of Speed Flexibility! 


ANDRE Citroen has modeled after the best 

“Detroit” methods in the production of his 
automobile. His plants in France, Italy, England 
and Belgium have a yearly capacity of 235,000 cars 
—the greatest production schedule of any European 
manufacturer. 


Citroën regulates the speed of his conveyors with the 
device used by Buick, Cadillac, Hudson, Chrysler, 
Chevrolet, Packard and other leading American 
automobile manufacturers. He uses 110 Reeves 
Transmissions. In your industry, on your produc- 
tion machines and conveyors, there is a very definite 
need for speed flexibility. Send for Catalog E-66 
for complete information. 


REEVES PULLEY COMPANY 
Established 1887 


Columbus, Indiana 


bility. It does not give just steps in speed but any 
speed between fastest and slowest, even to the 
smallest fraction of a revolution. It is simple, in- 
expensive, compact. Easy to install and simple to 
operate. You can get any speed at any time on any 
machine that is REEVES-equipped. 


RE EVES 


Variable Speed Transmission 


+ 


III 


III 


Pae da o 


NITCHI JATHA 


The nitchi jatha is the native deep diver. 


He constructs for himself an ingenious telescope to spy 
out the wonders of the ocean bed. 


Its simply a large tin can with a sheet of glase on 
one side. 


It works—so he’s satisfied. 


Now let us change the scene to a plant equipped with 
misfit carbon brushes. 


Enter the Morganite engineer to help the operators 
improve commutation. 


He’s told through the din of the chattering brushes 
that they work—so they’re satisfied. 


The answer to which is a long story which you can 
get by calling in one of the representatives below: 


— 


5 IIe ce 


cda b pbe aaa 


Main Office and Factory 
519 West 38th St., New York 
DISTRICT ENGINEERS AND AGENTS 


Pittsburgh, Electrical Engineering & Mfg. Co., 909 Penn Ave. 

Cincinnati, D Engineering & Mfg. Co., 607 Mercantile 
Library B uilding. 

Cleveland, Electrical Engineering & Mfg. Co., 422 Union Building. 

Baltimore, O. T. Hall, Sales Engineer, 437-A Equitable Building. 

Revere, Mass., J. F. Drummey, 75 Pleasant Street. 

Los Angeles, Special Service Sales Co., 502 Delta Building. 


San Francisco, Special Service Sales Co., 222 Underwood Building, 
545 Market Street. 


Toronto, Can., Railway & Power Engineering Corp., Ltd.. 
Eastern Ave. 
Montreal, Can., Railway & Power Engineering Corp., Ltd.. 326 
Craig St., West. 
cial Railway & Power Engineering Corp., Ltd., P. O. 
x ; 
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No. 7056 
2-wire 
Tandem Blades 
10 Amp., 250 V. Hu 
No. 7057 
2-wire 

Parallel Blades 
10 Amp., 250 V. 


No. 7059 
2-wire 
Parallel Blades 
Polarized 
10 Amp., 250 V. 


«a 
— Ayu AT 


rn. 
4. 


a — 


a 
io ce. b.  TOUGH—from head to toe! 


Hard Knocks—gruelling shop service 


is what these devices thrive on 


The connector bodies of these Hubbell 
Cord Grip”? Devices are made of strong 


No. 7055 black composition. They withstand the 
M Polarized hardest kind of service and abuse. 
10,Amp. 250 V 


Caps of composition are completely armored 
by a heavy, ‘“‘all-over’’ shield of steel—gal- 
vanized to prevent corrosion. The contact 
blades, because they are made of heavy 
gauge metal and are firmly anchored, stay 
in alignment and don’t get wobbly.“ 


Ask your electrical supply house to show 
you samples. 


The New Twist- Lock Locking Connector 


No. 7089 


3 -wire See this new Hubbell Connector, illustrated at 
20 Amp., 250 V. the right—Catalog No. 7100. Plug the cap 


into this connector—turn—and the two are 
securely locked together. A twist of the wrist— 
and they are unlocked. 


The locking feature of this Hubbell Connector 


No. 7127 
2-wire provides an extra and very effective safeguard 
Polarized against accidental disconnection. It is of 
30 Amp., 250 V. distinct advantage in industrial plants and 


other places, particularly where service is 
unusually severe or where connectors are sub- 
jected to considerable vibration. 


HARVEY HUBBELL" 


ELECTRICAL SPECIALTIES 
BRIDGEPORT, CONNECTICUT. U.S.A. 
NEW VORK. N.Y. CHICAGO. ILL- 


No. 7113 


3-wire 
Polarized 
30 Amp., 250 V. 7 


No. 7083 


2-wire 
Double Te- alots 
10 Amp., 250 V. 


No. 7081 
Z- wire 


Polarized 
10 Amp., 250 V. 


No. 7087 
3-wire 


Polarized 
20 Amp., 250 V. 


No. 7100 


2-wire 
“Twist-Lock,’ 


Locking 
10 Amp., 250 V. 
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p e CR1094, 2200 V. starting compensator for two- CR1094 starting compensator 
General Electric builds contral and three-phase induction motors. Dead-front, (550 V. and less) for two- and 
55 design, 5 panes type; . 1 time Gre pie indaction motoi 
orm e for every elay undervoltage pr ion; rmai overloa ndervo protection (with 
5 P li tion. Wri ite fo protection. time delay if desired); thermal 
pplication = * overload protection. 
the Industrial Control Catalog, 


‘GEA-257. It contains the com- 
plete story together with much 
valuable information on correct 
control applications. 


GENERAL 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. X. 
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| HERE frequent starting, heavy duty, remote control, 
| or automatic acceleration is demanded, you will want 
G-E magnetic control. 


There are, however, in your plants, motors which are 
started occasionally; their duty is simple; their operation 
requires little attention. For these, General Electric offers 
a complete line of manual starters. 


Here are shown the most popular of the a-c. manual motor 
starters. These are typical of the complete line. 


There is quality in every detail of construction hidden or 
Seen - character and endurance in the mechanism—safety 
in the complete enclosure superior motor protection in 
the thermal overload relay and undervoltage release. There 
is economy in their simplicity—economy in operation and 
in maintenance. And finally, there is the world of relia- 
bility that is associated with all G-E control. Write to 
your nearest G-E office for complete information. 


CR1038 starting switch for 
induction motors up to and 
including 5 h.p., 220 V. and 
7\4 h.p., 440 *. and 550 V. 
Overload protection by 
thermal cutouts. 


CR3206 pole-changing reversible 


1 CR3900 reversing 3 e en eee 75 7588 CR1028 face - plate e e shale i 5 aid 
drum switch for two- for both constant horsepower resistor starter for single p Hage; e e 
„end three-phase and constant torque met or secondary control of e oe 

. j slip ring induction 
motors. urnished motors. Used with CR- 


¢ Squirrel cage induction 


with T-handle, knob 7006 magnetic primary 
handle, rope lo vor, or switches it provides 
shipper rod lever. undervoltage and over- 


load protection. 


LECTRIC 


SALES OFFICES PRINCIPAL CITIES 


E 


46 INDUSTRIAL ENGINEER 


Pop Decides Not to Fire the Sweeper 


‘Here, Lad— 


fire that sweeper in the lower 
plant—he’s too careless! Last night he ran 
his rubbish truck against a motor and broke 
a foot off it—so we lose that machine’s pro- 
duction until they get a new motor on the 
job.” 


Vol.84, No.12 


“No, Pop 


you can't buy common sense 
in a sweeper, but you'd at least expect it in 
a motor maker. 


There's always something sideswiping 
motors —and yet your gang of stiff -back 
motor assemblers stick to cast-iron feet. If 
they themselves didn't have clay feet they 
would weld drop-forged feet to a steel 
frame — just as in the Linc-Weld Motor. 


Then your sweeper could do calisthenics 
with a sixteen- pound sledge and he couldn't 
‘drop’ a motor.“ 


See Page 7 of the Motor Book. Better get yourself a copy from Dept. 5-12 


The Lincoln Electric Company, Cleveland, Ohio 
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YOCKBESTOS 


K — the asbestos covered wire 


r 


For General and Unusual 
Service 


* 


; Rockbestos Magnet Wire is usually found in all 

i types of motors that are subjected to extreme heat 

ROCKBESTOS conditions or to overloads that would break down 

Research and ordinary magnet wire. 

Advisory Service Rockbestos insulation cannot be improved and has 

long been the standard for asbestos covered wire and 

There are unlimited uses for asbestos cable. The motor here illustrated is one of the 
covered wire and cable in industrial . 

laste, nad’ eee silk Ave Nene Crocker-Wheeler heavy duty type, operating a 

service and greater protection against Bloom Shear. Overloading or unusual heat condi- 

accident, because they are so well š ‘ i 

made. Our engineers and a complete tions will not effect the operation of the motor, be- 

research laboratory are ready to help : e 3 

e cause of the protection afforded by Rockbestos insu 

wire for the job. lation. This is only one instance of the daily service 


Rockbestos magnet and other wires are giving. 
Magnet wire for motors 


: 4 How about your spare motors? Are you rewindin 
Switchboard wire Š ý $ 


them with Rockbestos? 


Pi e It's good i nc ainst shut down 
Cables s good insurance ag snu i 
ROCKBESTOS PRODUCTS A copy of our Blue 
CORPORATION pe sual koari 
5942 Grand Central Term. Bidg., New Yor, NEW HAVEN, CONN. Madison Term. Bidg., Chicago 


| oes 
* 


nnen 
ee 


* P 
Free 


„ 


Winding Coils | . | 

for Motors Heavy Duty Motor 

with Rockbestos operating Bloom Shear 
Magnet Wire 2 — — Rockbestos wound 

in Crocker-Wheeler by Crocker-Wheeler Co., 
Company's Plant Ampere, N. J. 
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Me have used U. S. Royal Portable Cord 


for several years—and highly recommend it 
Biddeford and Saco Coal Company, Biddeford, Maine 


IF 


Industrial plants throughout the country have had the same 
success with “U. S.“ Royal Portable Cord as the Biddeford and 
Saco Coal Company. Mr. Staples, Manager of this concern 
further writes: 


“We can't imagine where you could place a cord to be more 
abused than in our plant. It has withstood this abuse—and we 
highly recommend it.” 

This is another instance where “U.S.” Royal Portable Cord is paying its way. 


The sturdy, tough, resilient rubber cover protects the conductor while defying 
the hardest kind of use and abuse. 


There is a type of “U.S.” Royal Portable Cord for every industrial need. Let 
us send you a sample to test under your own conditions. 


United States Rubber Company 
1790 Broadway New York City 


Branches in All Industrial Centers 
Camalate Rtocka Carried in the Following Cities: 


Atlanta Chicago Detroit New Orleans Portland, Ore. Seattle 
Baltimore Cincinnati Houston New York Rochester Spokane 
Birmingham Cleveland Indianapolis Omaha Sacramento 5 Louis 
Boston Columbus papia City Philadelphia oe Lake City 
Buffalo Denver Los Angeles Pittsburgh n Francisco 

Minnespolls 


Portable Cord 


U.S. PAT. OFF, 


U.S. Royal 
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DRIVES and 


ICAN RADIATOR 
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20 H.P. Morse Silent Chain 
Drive from motor to sand 
mixer, American Radiator 
Co.. Buffalo. N. Y. Driver, 
725 r. p. m.: Driven. 112r.p.m.. 
36 inch centers. 


. 
ern 


DEAL BOILERS and American Radiators 

economically provide heat and make many 
homes warm and comfortable. Back of this 
well-known line of heat producers, there must 
necessarily be efficient manufacturing processes 
and dependable equipment. 


At the plant of the American Radiator Co., Morse Silent 
Chain Drives contribute to dependable and low-cost produc- 
tion by keeping machines in continuous operation. Their 
sustained efficiency of 98.6%, their flexibility and positive 
action—these and numerous other features are helping to 
solve production problems for many nationally known 
concerns. 


Over 6,000,000 H. P. in use, one tenth to 5,000 H. P., 6,000 
to 250 r.p.m. and slower. The nearest Morse Transmission 
Engineer is always available. 


MORSE CHAIN CO., ITHACA, N. Y., U. S. A. 


Morse Engineers are always available at: 


ATLANTA, OGA 666k Sas eaa 702 Candler Bldg. 
Earl F. Scott & Co. 


BALTIMORE, MD......... 1002 Lexington Bldg. 
BIRMINGHAM, ALA...Moore Handley Hdwe. Co. 
/// H ad ec een x 141 Milk St. 
BUFFALO: N. oka ae ex Ellicott Square Bldg. 
CHARLOTTE, N. C. 404 Commercial Bank Bldg. 
CHICAGO... ILL, 6.0.4. 1.6c0s wees 112 W. Adams St. 
CLEVELAND, OHIO........ 421 Engineers Bldg. 
DENVER, COLO.. ic ineuuannE i 211 Ideal Bldg. 
DETROIT MICH: c Ü w ⁊ĩ‚ nva 7601 Central Ave. 


LOUISVILLE, KY.516 W. Main St. E. D. Morton Co. 


MINNEAPOLIS, MINN., 413 Third St. Strong- 
Scott Mfg. Co. 


NEW ORLEANS, LA., Queen 4 Crescent Bldg.. 
334 Camp St. A. M. Lockett & Co., Ltd. 


NEW YORE N 8 i600 ea he Oi Aw aes 50 Church St. 
OMAHA, NE Z. 727 W. O. W. Bidg., D. H. 
Braymer Equip. Co. 

PHILADELPHIA, PA. 803 Peoples Bank Bld. 
PITTSBURGH... . Westinghouse Bldg. 
SAN FRANCISCO, CALIF...... Monadnock Bldg. 
ST. LOUIS, MO....2137 Railway Exchange Bldg. 
TORONTO, 2, ONT., CAN., 50 Front St. E., Strong- 
Scott Mfg. Co. 

WINNIPEG, MAN., CAN., Dufferin St., Strong- 
Scott Mfg. Co. 


1240 
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Industrial Signals 
Electric Vibrating Horns 
Type No. 3 


Megaphone Two Way Three Way 


Schwarze Industrial Horns are capable of producing an audible sound above 
the hum of machinery in the noisiest plants. As fire alarms, superintendent 
and general call signals they are unexcelled. Current supply can be high or 
low voltage A.C. or D.C. Further particulars, prices, catalogs, etc., gladly 


sent on request. 
Manufactured by 


Schwarze Electric Co. 
Adrian, Mich., U. S. A. 


Keystone Contact Rail Material— 


Designed and manufactured to give long service and 
constant contact on cranes, conveyors and other electric 
industrial hoisting and hauling systems. 


Our engineers will co-operate in the selection and installation of vari- 
ous types to meet your requirements. ESSCO Catalog sent on request. 


Exectric SERVICE Sers Ca 


aia ol at a m: PHILADELPHIA NEW YORK CHICAGO 
DRE contact, 17th and Cambria Sts. 50 Church St. Illinois Merchants’ Bank Bldg. Contact rail shoe assembly 


for over-running contact. 


PITTSBURGH BOSTON SCRANTON DETROIT 
1123 Bessemer Building 88 Broad St. 316 N. Washington Ave. General Motors Bldg. 
Lyman Tube & Supply Co., Ltd., Montreal, Toronto, Vancouver, 


LLL Ls 


HE MARING PROCESS insures constant current-carrier service , 
through the combination of sound basic principles with exclusive, , 


proven methods of manufacture. , 
ENAMELED, COTTON AND SILK COVERED 5 , 
MARING WIRE COMPANY , 
Factory and General Offices Ly iby: 

MUSKEGON, MICHIGAN 


w 
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—and the rest 
of these features: 


Rolling in contact with the 
sprockets—Lowered friction that 
results in more than 98% efh- 
ciency —a power transmission 
equal to that of silent chains. 

Positive drive maintains a 
consistent speed ratio—None 
ofthe “slip” present with belts, 
pone ofthe lost overena nous 

due to the s g friction of 
worn gear 5 

Unaffected by weather con- 
ditions and less affected by ad- 
verse epee conditions than 
other 
Compact—Occupies less space 
for transmission of a given 
amount of power. 


Yo j ; ' p ý 2 > » 
(ROLLIN 


Ly Z 
L, i 


Flexible—Efficient on long or short 
centers, high speed ratios. Adapt- 
able to a wide variety of drives. 

Easy to repair, links quickly re- 
placed at negligible cost. Requires 
little attention. 

High in efficiency—Long in de- 
pendabilit y—Low in maintenance 
—Low in first cost. 


Double, Three-Strand Diamond High Speer Boe Rol- 


ler Chain on a motor-to-blower drive. iamond 
Chain gives more than 98% efficiency of power 
transmission at speeds as high as 3600 r. p. m. 


TRADE< > MARK 


Look for the Diamond 
on the Link 


Makers of High Grade Chains since 1890 


The DIAMOND CHAIN & MFG. CO. 


~A POINTS OF 
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When you think of the ease and 


low-cost of its maintenance 


6 inspection and a little oil that's all the 

attention a Diamond Roller Chain ordinarily requires 
—and it keeps your drive on roller bearing” efficiency 
through years of dependable, positive transmission. 


High speeds or heavy loads do not effect its opera- 
tion and, if a link should have to be replaced, (due to 


some unusual accident] only a few minutes are required 


and the cost is negligible. 


Add this essential feature of economical and easy 
maintenance to the advantages listed at the left 
and being proven today in thousands of applications 
—and you will realize that Diamond Roller Chains 
really cost less in the end than belts that slip, or gears 
that wear, waste power, and grow noisy. They are the 
ideal link between driving and driven part, both in 


first cost and maintenance. 


7 D 
Rolling Surface e Prevent Wear 


12 1 


Gy , — 
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Practically no i 
maintenance!— 


Letters reporting the performance of 
Diamond Roller Chain in all fields of 
industry and on drives of every descrip- 
tion are finding their way into our files 
daily. The comment which is most in- 
dicative of Diamond Chain economy 
and that occurs with the greatest fre- 


quency is—“Practically no maintenance ae a 
has been required.” a - ,” 
The same design and manufacturing achievement Q y Z 
which has raised Diamond Roller Chain out of the v * i 
slow-speed transmission class to the point where * a ev 
it operates smoothly, quietly and efficiently at Q~ C P ” 
speeds as high as any other type of chain is S* a 
responsible for its long-wearing depend- * A k á 2 P 
ability with a minimum of maintenance a S 7 
expense. * Bris 
—A real saving on every drive © K > S 
that mounts up rapidly when > S a 
the entire plant operation is + E Pi 
considered L a , ee % 
4 Me if” f 
$ 8 * 
ie as 
K & 8 4 
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For 


Engineering Economy 


WESTON 


Rectangulars 


N THE last analysis Weston instruments mean 
1 economy of 8 ge time, expense. The Weston 
line of rectangular instruments for large power boards 
makes it possible for the engineer to design and lay 

out his installations to be efficient, compact and 

easily adaptable to growing loads or changing 
ee @ Knowing the facts he cannot com- 
pare any other electrical measuring device favor- 
ably with the well-known Weston quality, 
adaptability or performance. ¶ Weston rectan- 
gulars economize space on the board, and in 
addition, this group of instruments gives great 
scale legibility, standardization of mounting 
and unusually simple and pleasing appear- 
ance. To exactly know their advantages, 
write a note to our e staff giving 
specifications. ¶ These instruments are 
provided as A. C. Ammeters, Voltmeters 
and Wattmeters, Reactive Component 
Meters, Frequency Meters, ower 


Factor Meters; Triplex Ammeters and 
D. C. Voltmeters and Ammeters. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
136 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER 


WESTON 


— a OB fl since 1888 


— 
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Limette 


GITS BROS. 


Standard of f Comparison 


Better Oilers 


Qualits-Schedule Delivery-Price 


— d 


— 


21 SIZES 


35987 


diar. 


0 
i 


o 8 SIZES 


esse 
Nas 


7311 


24 SIZES Cat alog Sent on Request 


Gits Bros. Manufacturing 
1940 &.Kilbourn Ave. Chicago, Ill. 
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To mees a pnas splice 


Better conductivity at the joint than in the 
wire itself, is a condition you always have 
with any of the Dossert connectors. 


. 


Dosre rt 


—all due to the Dossert principle—the 
tapered sleeve. 


The Dossert 20th Year Book shows you the 
economy these connectors give you. 


Dossert & Co. 


242 West 41st Street 
New York, N. Y 


TMM ii 
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8 


NDUSTRIAL ENGIN 53 


December, 1926 


“Performance is the real 
measuring stick of service 
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October 5, 1926 


Tquette Bldg, 
hicago, Illinois. 


Gentlemen; 


It 
de 1 Occurred 
a ide fronted in to us, therefore that 
* 
no lad dat tery Need in Jou might 
Our Elwe)} 


Service in J 
an 
wo r 
a . In Februa 7 ens and it is til 
Š- tery which Ega 2 we found it n 1 doing 5 tisfact 
Exide batio CATS eld at tne it, Service Soptent® to renew 
Went into der a instal) 1 ey 8 ren a 1919 it 
has bee A © new £ N e la 
Promise of erating saticra ts *, 1923, sinos lf Parker truck 
of severa factori) x nce which ti TN 
ore years 5 day with cer, 
efulne ery 
have n additi * 
Contrib t 
durabi lit 
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IRONCLAD 
BATTERIES 


The performance of Exide-Ironclad Bat- discovered what the dependability and long 
life of Exide-Ironclad Batteries can do to 
lower material-handling costs. 


teries receives another strikin g tribute 
It will pay you to know all about this re- 


T is impressive when a prominent electric 
industrial truck user speaks in such glow- markably dependable battery. Write now for 
ing terms of the performance of Exide-Ironclad a copy of our booklet, Facts for considera- 
Batteries. Yet the Felt & Tarrant Mfg. Co. tion in selecting a Storage Battery,” form 
is only one of the hundreds of firms that have number 2865. 
THE ELECTRIC STORAGE BATTERY COMPANY, Philadelphia 
Exide Batteries of Canada, Limited, 153 Dufferin Street, Toronto 
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IMPERIAL UNDERCUTTER (New Model) 


Send for 
New Catalog 
No. 7 


DESCRIPTION 


1. Micrometer screw to adjust “V” shaped slot guide. 


2. V' shape roller guide to ride in an adjacent slot 
to guide the cutter. 


ww 


. “V” shaped milling cutter which cuts a “V” shaped 
slot. Slotting saws for “U” shaped slots may be 
used if preferred. 


4. Depth gauge to regulate depth of slot. 
5. Micrometer screw to adjust depth gauge. 
Flexible shaft operated by 14 h. p. 1750 r.p.m. motor. 


MARTINDALE ELECTRIC CO. ciever ann’ siio 


© 


Impervious Varnish Company 


Insulating Varnishes and Finishing Enamels 


COIL VARNISH MOTOR FINISHING ENAMEL 
CLOTH VARNISH FLAT BLACK ENAMEL 
CORE PLATE VARNISH TRANSFORMER PAINTS 


Impregnating Compounds and Reducers 
Baking Enamels for finish and durability are not excelled 


General Offices, 421 Wood St., Pittsburgh, Pa. Works, Rochester, Penna. 
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Planned Lighting 
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Good lighting is as essential to produc- 
tion as modern machinery or proper 
arrangement of operations. Unless 
men can see well they cannot do nor 
give their best. No matter what the 
program may be the final test of accu- 


racy and good performance will rest 
upon ability to see. 

The time has passed when men can 
be driven. They must be led into 
greater productiveness through the 


Benjamin Electric Mfg. Co. 


New York: 


247 W. 17th Street 


120-128 S. Sangamon Street 
cago 


stimulus of proper surroundings and 
adequate facilities. 


In thousands of plants that are oper- 
ating on the profit side, Benjamin in- 
dustrial lighting equipment is a saving 
factor in their efficiency. 

When Correct Industrial Lighting is 
under consideration our Catalog 24 
will be found very helpful. Our near- 
est office will gladly supply a copy. 


San Francisco: 
448 Bryant Street 


Manufactured in Canada by the Benjamin Electric Mfg. Co. of Canada, Ltd., Toronto, Ontario. 
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Is Profit Lighting 
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The elements of our Business 


2 
TRADE 
Balletin Pressure Regulator Panels (See Panels, Special). 
Alarm. and Low Liquid Lol... 3616-3615 Regulator, Pressure ( . 
Autematic Fire Pump Panels, Combined Hand and tors, Speed (See Speed Regulators). Bulletin 
= (See Panels, Fire Pump). Relay, Tumbler 7250 
1 Automatic Starters (See Starters, Automatic). Remote Controlled: gldghting ,, eee ee ene 7100 
Automatic Transfer Switches.........cccccccccccccccccccccee 66060 Remote Controlled 8 Regulators (See Speed Regulators). 
Brakes, Magnec lik Remote Liquid Gl T . aoe Oe Re 3625 
Circuit Droakers ] ũ” ꝶ T ] ⁵ðõ . x 3800-8815 Remote (See Switches, Remote, also Switches, Magnet). 
Contactors (See Lorry Magnet). Self Starters (See Starters, Automatic). 
Control, Machine Tool 9000 Solenoids (See ts). 
= Controllers, Elevator / / Rk ae 9999 Solenoid Operated Valves... ccc ccc ccc cc cc ces cccnc ccs ccces 5700 
z Wievator Controller PE 9909 Special Paneis (See Panels, Special). 
£ Fire Pump Piso (See Panels, Fire Pump). Speed Regulators, D. ... ccscccccccccescce 8500-8520 
S %%%%%%ê⁰] ß ̃ ↄ T̃̃7̃7;;⁵¹U 3609-8626 Starters, Automatic, Aa. HOH HJllr . 5800-62300 
= Hand and Autemstic Fire Pump Panels, Combined. Starters, Automatic, D, 0c... $300-6350 
£ (See Panels, Fire Pump) Starters. CCC ³ĩÄ˙ÜA ⅛˙¾˙ MOR ESS 8326 
= Hand Operated Switches ........cccccccccccccnccccccseeces 3600 Starters, Hand. DO. i ccc ccccccccescccecce 8290 
2 Hand Starters (See Starters, Hand). Starters, Manual (See Starters, Hand). 
3 High and Low Liquid Level Alarm Bwiteb en. 3610-3615 Sump Switches (See Switches, Float). 
= Level. Hi tare quid. 3 JJ. itii 32 Hal oreo Floet 3 8 VCC ͤ K 8600-3625 
Leve Low rm 6 2 „„ 6% % % „%%. Pn ee %% „% „ e ee m: tches, Haná Opera „ „% „% „% % „%% „% „%% „% „% % „ „% % „„ „„ „% „% „% „% „% „„ „„ „% „%% „„ „„ „ „6 
. JJ OR CMA E eo PROS MRE Oe SS 3625 Switches, High and Lew Liquid Level Aline 
Listing Panels, Remote 3 CC jiii nn — Maent. A. 8. CCC 
Low 0 Al tehes 6 2 % %% %%%%9 ᷑ 6 % % „ „% 6 „ 6 6 6 „ 2. n Magn . e 06 % „% % % „„ „% % % % „%% % % ͥWO%ↄ „ „0 „% „% % % „%% „% „% „%%% %%% „ „%66 „ „6 „„ „ „5 
Machin aA 8 J U 0000 Switches, Remote (See also Switches, Magnetꝰ777ꝛ7ꝛꝛ 
M e Brakes (See Brakes, Magnetic). Switches, Sump (See Switehes, Float). 
Magnet Operated Valy enn 6780 Switches. Tank (See Switches, Float). 
Masmi — . 5 „„ e % E E O E E E E E E ree ky Transfer Awsuatle e „eee ee eee ee eee ee eeeeeveean eevee 
wa, e@oeoeoeee un F. main ‘(Soa i’ ah 5 6560 gani Switches (See Switehes, Ficet). f 
Man Fire ls (8 ill EE E E S E A E EE E E EE e*e ce 
— rr thes bk 816 Ai nnd) n Time wit chen 
3 Panels, Fire | SSS ee „j 8806-3330 Transfer Switches, Automatic............. „ 
Panels, e Remote Co * 3 rg eee i 1 J Wſ%.,.ũ a cade On 
Prees 8 Regula „ also Panels, Special), Pale Centre „„ 
Panels, lar 1 eee = Swe ead cc 6400-6428 Valve, Magnet Operated... lll „%!' 
Pressure Regulator. Gauge Ty ccc ccc c ete nee 4966-4903 Valve, Remote Controlled... l ll 
WRITE FOR CATALOG 
SUNDH ELECTRIC COMPANY 
Branch Offices: Chi 
New Tork City Executive Offices and Factory, Newark, N. J. 
Sales Representatives: Baltimore 4 a Angeles N N 
Buffalo Detroit New mare Portland. Ore. Montreal, Canada 


The Enduring Insulation STERLI NG Used the World Over 


Submit your problems to our Research Engineers 
Engineer’s hand-book sent on request 


THE STERLING VARNISH COMPANY 


Pittsburgh, Pennsylvania — Manchester, England 


eee eee eee 


CENTURY Field and Armature Tester, A. C. Type 


Just the thing you have been looking for 
—a field and armature tester that can be 
operated from your A.C. Lighting cir- 
cuits. Simply remove a lamp from its 
socket and screw in the attachment plug. 
Readings for fields are direct from dial 
and pointer. Armatures can be tested 
using either Meter or Receiver type of 
fork. Besides accuracy and dependabil- 
ity, this tester is so simple to operate 
that anyone can use it. It can be furnished 
for use with any commercial frequency. 
Write for full information. 


— 


The Century Electrical Co. 


100-102 Randall Ave., Syracuse, N. Y 
Aminen een 
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BETWE et 
è FRIENDS 3 


Your requirements of your 
friends are probably many, but 
foremost among them is reli- 
ability reliability at all times 
and under all circumstances. 
Kuhlman Transformers are like 
true friends—you can always 
depend upon them to serve you 
unfailingly and with high all- 
day efficiency. 


— 


a * 
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The Kuhlman Organization is 
ein a friendly one - ever ready and 

iin willing to be of service to help 

i you out of a difficulty to make 
an extraordinary delivery to 
meet requirements you could 
not anticipate to aid in solving 
your transformer problems. 
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Write the office nearest you. 
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| | KUHLMAN ELECTRIC CO. | 
f . * . 
Bay City, Michigan 1 
| . 411 Glenn Bldg. e:: id Marquette Ave 14 
o E 69-7 i Minneapolis arquette Ave. N 
Butral 9 (1 Higo Œ 8 300 Madison Ave. f i 
Í zu C 80 Carolina St. G 727 W. O. W. Bldg. | 
Chicago. e 2 844 Rush St. Philadelphia ee 1700 Walnut St. | 
Cincinnati. 1308 Union Trust Bldg. Pittsburgh....... 839 Oliver Bldg. f 
Cleveland 500 East 102d St. ANI 1479 Blair St. 
Wund Unit 2. Santa Fe Bldg. Salt Lake sy l 
DVT aana aa 1843 Wazee St. 134 W. 2nd South St. alot, 
Detroit...3-260 Gen. Motors Bldg, San Francisco Call Bldg. 
Indianapolis r 314 Seneca St. 
202 Indiana Term’! Warehouse oh rg eerie 424 Spitzer Bldg. 
| Los Angeles NE ERRITAR 318 So, Boulder St. 1994 


316 American Bank Bldg. Tors S 335 W. Market St. 
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POWER- DISTRIBUTION - STREET LIGHTING 
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A. H. R. Co. says “Some of our Francke couplings installed 10 years ago, are in service today without one cent 


Since 1916 having been spent for coupling repairs. Because of our experience we have standardized on 
Francke couplings.” 


al 
FLEXIBLE Neid 


FLEXIBLE STEEL PIN UNITS 
BUSHED FLANGE | HELD ENO FLANGE 


RENEWABLE 
BRONZE OR— Ff = 
GRAPHITED ESA 
BUSHING — = 


For Motor, Turbine, Engine Drives 


The Francke handles all accidental Misalignments—Out of center in an angular 
direction and endwise; cushions starting and load shocks; absorbs vibrations; 
runs in either direction; is noiseless. 


ä Pn case of excessive misalignment it acts as a safety device saving broken or 
F s z — scored shafts, bearing troubles, etc. However, if more than the usual misalign- 
SS =) ments are expected, due to non-rigid foundations or for any other reason, two 
RAET couplings in tandem with an intermediate shaft or a Double, Floating-Ring Type 

Francke Coupling should be used. 


Other Francke Features. Easily mounted, aligned and connected without special 
tools. All metal, no perishable material. No movement or wear on shaft 
flanges to cause expensive renewal of complete coupling. Simple and safe. 


Ask for Bulletin 37 S 


The improved Franck uplings, in small d 
— te samp A SMITH € SERRELL 
7... a ren ere Coupling Specialists Since 1912. 


26 Washington Place, Newark, N. J. 


District Engineers at Pittsburgh, Cleveland, Chicago 


DIRTY REFLECTORS MEAN— 


DANGEROUS AND COSTLY LIGHTING 


The THOMPSON SAFETY 
LOWERING SWITCH 


—or Disconnecting Hanger 


' N 
Uy N 


N 


U 


| 


Wi 


) 


Makes reflector-cleaning easy and safe. 
Eliminates climbing and electrical hazards. = 
Write for Bulletin B-26 for Details 


THE THOMPSON ELECTRIC CO, Qed Ohe, USA. é 


í 


t 


: dees eee 88888889 0 5488883960880 ERR IAE NE a 
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A-C-E 


Coil making machines offer the latest in modern 
equipment for coil making. 


l Our machines are the simplest and less expensive 
i and are being used by thousands of concerns 
£ throughout the world. 
E Our trial offer will prove the above facts. 
: 
8 
j 


Complete information on request. 


ARMATURE COIL EQUIPMENT CO. 


MAN UFACT URERS 
2415 Forestdale Ave. Cleveland, Ohio 
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Motors by themselves are only brute force 


The economies that electric power brings 
to industry depend on correct motor control 


Ir seems so simple—and yet in so many plants this baal 
truth is often neglected. 


Motors by themselves are only brute force! 


Engrave it on the minds of the men who design your 
equipment. Burn it into the memory of those who specify 
—those who buy. For today it is the battle cry in the 
fight to reduce manufacturing costs! 


Every motor you put into service offers the opportunity 
of minimum operating expense. It can save in power costs. 
Tt can speed up production. It can save in labor—that ma- 
jor item of manufacturing burden. But you are trifling with 
opportunity if you leave these possible economies to chance 
—these economies that result not from the mere installation 
of motors, but from the production efficiency you are able 
to obtain through the perfect control of their brute force. 


Competitive conditions today demand the accurate pow- 
ering of equipment. Plan your drives considering the work 
to be done. That means the choice of motor control equip- 
ment first—choice of the type of control equipment that 


affords maximum speed of production - that ties in closest 
with the manual operations involved. The proper type of 
motor can then be selected to give maximum results. 

Carry this story to the men of your plant! Have them 
check the motors you have in service. Like many other 
plants, you will find that modern motor control on many 
existing drives will pay for itself in a few months - and 
then add steadily to profits. 

If you desire, Cutler- Hammer field engineers will gladly 
counsel with your plant men or consulting engineers to 
determine where savings may be obtained—to show them 
the latest control equipment available for every need. 
Their recommendations are based on more than 
years’ experience. This service is also offered for the plan- 
ning of new drives, and their co-operation does not place 
you under any expense or obligation. 


The CUTLER-HAMMER Mfg. Co. 


Pioneer Manufacturers of Electric Control Apparatus 


1219 St. Paul Avenue Milwaukee, Wis. 


AMMER 


Industrial Efficiency Desni; on Electrical Control 
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REPEAT ORDERS 


from Satisfied Customers 


These are a true indication of the value of a prod- 
uct. HORSBURGH & SCOTT WORM GEAR 
SPEED REDUCERS are repeatedly purchased by 
concerns who have bought them and found that 
they have fulfilled our claims for Dependability, 
Durability and Economical Operation. 


The illustration is that of a type B unit, with gear shaft 
extended in both directions, operating a car wheel cleaner. 
The first unit, purchased a number of years ago, has not only 
resulted in repeat orders but also an expression of complete 
satisfaction from the user. 


An engineering department capable of consulting with you 
Horeburgh & Scott Worm Gear Speed Reducer driving ON every problem of power transmission or speed reduction 


Car Wheel Cleaner, Motor 15 H.P. at 1200 RPM. 
Speed Reduction 40 to 1. is at your service. 


qhe Horsburgh & Scott Co. 


“Gear Makers Since 89“ 
5114 Hamilton Ave. Gears for Every Industrial Purpose—Worm—Bevel—H erringbone— CLEVELAND, U. S. A. 
Spur—Spiral—Hardened 


Heat Treated Geare—Non-Metallic Gears and Pinions 


CORRECT | WELLER | 


Steel Plate 


FRICTION CLUTCHES 


Commutator Maintenance 


To get the best service from 
your motors and generators, 
you must keep their com- 
mutators in perfect con- 
dition. 

The Acme Commutator 
Smoothing Stone and the 
Aurand, Jr., Commutator 
Slotter are an ideal com- 
bination for the efficient 
and economical mainte- 
nance of commutator 
surfaces. They do 
the work accurately, 
quickly, and easily. 


NOTE the Absence of Projecting Bolts or Lugs 
Also Compact, Solid, General Lines. 


We make a Complete Line of 


zour name and address 
card will bring 
full details of our entire 
line of commutator 
maintenance equipment, 
viz: . * * 
Portable pemer Com- re 1 
Washing 5 or Belt or Rope Drives 
ing and Grinding Toole, 
Fuse Pull 


Gauges. 


also 


Conveying Machinery 


Send for Catalogue 35A Transmission Machinery 


WELLER MFG. CO. 
1820-1856 N. Kostner Avenue, Chicago, III. 


SALES OFFICES: 
New York Buffalo Detroit Omaha 
MMT ad 
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30c More a Day for Lighting Increases 
Production Six Per Cent 


IS is the actual experience of the Standard Regis- Practically all of them thought they had good light- 

ter Company of Dayton, Ohio. While it seems ing until the change was made. Now they know the 

outstanding, over 15,000 plants in various parts of the many benefits obtainable from PROPER lighting and 
country, last year, made similar savings. how little it costs to make the change. 


The lighting of the composing 
room of the Standard Register 
Company was brought up to 
standard through recom- 
mendations of the Dayton 
Power & Light Company. 

In Dayton alone, 58 
factories improved 
their lighting last year. 
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You, too, can increase your production by bringing your 
lighting up to the proper standard. Without cost your 
local electric light company will gladly show you how. 


Industrial 
Lighting 
Fact No. 2 


Industrial Lighting Committee, National Electric Light Association 
29 West 39th St., New York 
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Me Electroduct— 
© good for the life of 
| the buildings. 


Xduct' the galvanized conduit with the 
strong clean threads. 


It is smooth inside and outside because it is a 
National Tube Company’s scale free pipe. And 
being smooth before enameled—it is smooth after- 
wards. It’s easy to handle because of its special 
acid and alkali resisting coat of enamel both in- 
side and out. “Electroduct” fishes, bends and 
cuts easily—and has clean perfect threads. 


Try it yourself. Let us send you a sample. 
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American Circular Loom Company 
90 West Street, New York City 


Boston Pittsburgh Denver 

Philadelphia Cleveland Portland 

Atlanta Buffalo Los Angeles 
Chicago 
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D. C. and A. C. Motors from ½ H. P. up. 
D. C. and A. C. Generators and Motor- 
Generator Sets from 100 Watts up. 
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CROCRKER- WHEELER ELECTRIC MFG. CO. 
. AMPERE, NEW JERSEY 


t- Branch Offices in Principal Cities i 
Foreign Distributor: International Standard Electric Corp. 
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hen looks are deceiving 


Great masses of heavy, open gearing indicate 
neither strength, efficiency or durability. On the 
contrary, a compact enclosed, quiet Cleveland 
Worm Gear Reduction Unit offers all of these 
features in the highest degree. 


The large picture above shows the business end 


of a big suction dredge, the cutter being driven 
Standard Cleveland 


Worm Gear Reduction through a Cleveland worm gear unit. Asa study 
Units are made in a ° ° 0 
variety of styles and sizes in contrasts, note the old open gear drive, pic- 
to suit all r irements o ° ° 

industrial drives. Thou. tured in the insert and replaced by the Cleveland 
sands of Clevelands are $ 

bridging the gap between drive. 


motors and driven ma- 
chines. Their mainte- 
1 costs are a and 
nat P cti n e e 
delays. Write for de- This dredge has been plowing around through 


8 the Florida marshes for several months without 
the slightest delay or difficulty due to the drive 
a welcome relief from the troubles inherent in 
the old reduction gearing. 


EVE LAN D 


LE M & GEAR COMPANY 


3254 EAST 80TH ST. CLEVELAND, OHIO 
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for all purposes | 


For Motor Doctors! 


Cure them when they get sick!’’ This used to be 
. the doctor’s only job. 


Nowadays the doctor’s slogan is:—‘‘Keep them 
from getting sick—keep them well!” 


That’s a good idea for you Motor Doctors! 


Let us help you keep your motors on the job. 
There are.some mighty fine prescriptions in the 
two booklets shown. A post card brings you 


copies. 

5 MICA INSULATOR COMPANY 
55 World's Largest Man nase A Mica Insulation 

e New York: 68 Church Street Chicago: 542 So. Peir bora St. 
Cleveland Pittsburgh Cincinnati Seattl 

San Francisco Los Angeles Victoriaville, Canada 
way 
wee SWZ, f, 7 E MPI R E 
MI CANITE INSU ü TION rette 
MICA INSULATION OILED CLOTH INSULATION. — aces 


Bodine Built 


Fractional Horse Power Motors 


given every detail in the 

design and construction 
of Bodine Motors. Such ex- 
treme care and rigid inspection 
is costly, but it has made the 
name Bodine' on a motor gen- 
erally accepted as a guarantee 
of sterling quality and uninter- 
rupted service with absolute 
satisfaction to the user. 


ort attention is 


— 


Easy to renew the 
Trigger-Lock Fingers 


New fingers cost time and money to install 
use Trigger-lock Fingers with renewable tips. 
View above shows method of reversing or 
renewing tips. Each tip will outwear two 
ordinary fingers on one side; then it is re- 
versed, giving equal wear on the other side. 
When both sides are worn out a new tip is 
snapped on the finger while it is on the 
controller. 


This characteristic means greater 
user acceptance and satisfaction 
with better performance of the 
entire machine to manufacturers. 


Learn about the great durability 
and damage resisting character- 
istics built into every Bodine 
Motor. 


Write for bulletin No. 1004. 


Types for every requirement. Ask us for illus- 
trated and descriptive catalog. 


Bodine Electric Company 
2256 W. Ohio St. Chicago, III. Russell Manufacturing Co. 


814 Bath Ave., 232 Lonsmount Drive, 
Niagara Falls, N. T. Toronto, 


Small Motors Specialists Over 20 Years 


December, 1926 


More 
Money 
Than 


You’re 


Making Now 


—and 
how 
to 
get it 


You have more chance of making 
big money today in maintenance 
and repair work than perhaps in 
any other field of practical electri- 
cal work. 


Men are needed who can keep 
things going without serious inter- 
ruption—men who know how 
-electrical equipment works, what 
it needs to keep working properly, 
‘how to tell what is wrong and how 
‘to make it right. The man who 
equips himself with this informa- 
tion is sure of a good job anywhere 
—and at big money. 


To give you the information 
needed in work of this nature has 
been the aim of such well-known 
electrical experts as F. A. Annett, 
A. C. Roe, A. M. Dudley, Daniel 
H. Braymer and others. The 
electrical industry needs mainte- 
mance-and-repair trained men. 
These practical experts provide 
the maintenance -· and- repair train- 
ing. It remains only for you to 
decide if you will take the oppor- 
tunity offered. 


Every year finds new men jump- 
ing into the maintenance and re- 
pair field. As the common sense 
of the whole matter is placed be- 
fore them the most logical thing 
in the world to do is to get the in- 
formation they need. If they are 
in the electrical field - mainte- 
nance and repair stands out as one 
rich branch and the books of the 
men mentioned above stand out as 
one complete training. 


Give this some thought. You owe it 
to yourself. You will prove to your- 
self that this is a great opportunity 
for you. And then act! 
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Do you want 
a big-pay 
electrical job? 


The Library of Electrical Maintenance and Repair 
in its new form 
will help you to get it 


You can now have the LIBRARY OF ELECTRICAL MAINTENANCE AND REPAIR 
in its new form to help you in getting into the bigger and better-paying electrical jobs. 
The Library tells you what you have to know. It shows you how to do what must be 
done, and why. 


The Library in its new form includes Braymer’s Armature Winding and Motor Repair, 
the new revised edition of Dudley’s Connecting Induction Motors, Annett and Roe’s 
Connecting and Testing D. C. Machines, Annett’s Electrical Machinery, and Wiring 
Diagrams of Electrical Apparatus and Installations. 


Better than ever—more valuable to you than ever—a great set of electrical helps you 
need and you will want. 


The new 1926 form of the Library of 
Electrical Maintenance and Repair 


5 volumes—1750 pages—1800 illustrations—library binding 
Only $14.00, payable $2.00 a month. 


These books cover every phase of electrical maintenance and repair work, from armature 
winding to the correction of brush troubles. They include many things never before 
assembled in book form. 


They not only tell you what to do in the case of electrical trouble, but they show you 
how to do it. And when it’s done it will be done right! The methods outlined for you 
by the authors of these books have all been thoroughly tested out in actual practice. 


Every chapter is written with the practical man’s needs in mind. Instead of discussing 
the fundamentals involved in any method of working out a repair problem, the ACTUAL 
PROBLEM is discussed from a how-to-do-it standpoint. 


Fundamental laws and rules are discussed when necessary, but there is no hard-to- 
understand theory or discussion of design. All of the material presented in these five 
books has been obtained from actual experiences. The Library outlines the practical 
remedies that have been applied by repairmen all over the country in the solving of 
puzzling electrical problems. Everything the expert knows about maintenance and repair 
is given in the books. They prepare you for the big job—they make you well worth the 
big pay that goes with it. They make your promotion sure. 


* 
J 


McGraw-Hill 
Book Co., Inc., 
370 Seventh Ave., 
New York. 


Gentlemen: 
Send me the LIBRARY 
4“ OF ELECTRICAL 
a 138 28 2 * MAINTENANCE AND 
p y 928 285 REPAIR (shipping charges 
prepaid), for 10 days’ free ex- 
amination. If satisfactory, I will 
send $2 in ten days and $2 per 
month until the special price of $14 
has been paid. If not wanted, I will 
write you for return shipping instruc- 
tions. 


You need not take our word for the value 
of these books. You may examine them 
yourself in your own home for ten days 
free. No obligation to purchase—no annoy- 8 
ing follow-up—no agents—no red tape * 
We even pay return charges should À Address 


you decide to return the set. * 


Take advantage of this liberal * positi 
plan to examine this library for * osition .. 
yourself and see how it can * 
help you. Remember, you P EIEN. Se ee ²˙ Ä ES ee) Sey WY acy 
can't put ter gate ce SORIA cere ß I.E. 12-1-26 
ting it off. So, ACT— * . 
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99*%% Pure |: 
-and the American standard 


PATENTED 


merican“ Press- 
ed Steel Shaft 
Hangers are light, 
rigid, efficient and 
adjustable. Their 
strong tubular de- 
sign adds to the 
good appearance 

of any shop. 


—————— PATENTED 


INDUSTRIAL ENGINEER Vol.84, No.12 


„Onde 


is equally high 


HIS mark established by the Proctor 

and Gamble Company for Ivory Soap 
is very close to perfection. Allowing for 
the human factor it is perfection. That it 
is so accepted in the public mind has been 
proved by years of faithful support and by 
adoption of the phrase as a symbol of all 
that can be attained. 


No such goal is ever reached without the 
most painstaking attention to details and 
an unrelaxed vigilance at every step of 
manufacture. 


This same care and vigilance have governed the 
design and making of American” Steel Split Pul- 
leys for the thirty-some years since the first one 
was made. Strength with light weight (to impose 
no unnecessary power load); ease of application 
(the construction principle which makes it pos- 
sible to install an American“ Steel Split Pulley 
without stripping a busy line shaft); transmis- 
sion efficiency (derived from true-running; firm 
grip on the belt; the center groove that permits 
air to escape and the pulley arms that cut the air 
instead of fanning it ;—these and other features 
of design and-construction have doubtless been 
the reasons why leaders in industry,with exact- 
ing standards like those of Proctor and Gamble 
Company, have equipped their plants with 
“American” Pulleys. 


These “American” principles are fully explained 
in special literature. Write for it. 


The American Pulley Company 


Manufacturers of Steel Split Transmission 
Pulleys Pressed Stee! Shaft Hangers, 
Pressed Steel Hand Trucks and Pressed 
Stee! Shapes . 
4200 Wissahickon Avenue Philadelphia, Pa. 


For nearest distributor see Mac Rae’s Blue Book 
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HANGERS | PULLEYS 


PATENTEO cannes 


AOOOOUADAOODTANDODONAOPAARUNOTONONNUCDUOUOCONUODONAOOODDACOOOPAONOOAAUODADOOAOOROAOUONONAONOOADADANAONODONOONOAETONOONOOALNAADAACONANORANMNOATADTICOENERISTAT 


5 


9 
r 
: f; Dee y 
g- Sys 


4 


\ we 
5 
d 


Plenty of 
Light 


absence of Glare 


Both conditions are essential to keep 
up production, American Adjustable 
Fixtures put the light on the work, 
not in the eyes, save spoilage and 
speed up work. Many styles can be 
built up of standard parts. Write for 
catalog. 


AMERICAN FIXTURE CO. 
232 W. Water St., Milwaukee, Wis. 
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AI MAGNET WIRE 


Plain Enamel, Single Cotton Enamel, 
Single and Double Cotton Covered. 


“AMERICAN BRAND” 


Weather-proof Copper Wire and Cables 
Slow Burning (Und.) 
Weather-proof Iron Wire 
Slow Burning Weather-proof Copper 
Wire and Cables 
Bare Copper Wire and Cables 


Are representative of the highest principles in 
manufacturing and merchandising in the wire in- 
ustry. 


American Insulated Wire & Cable Co. 
Chicago, Illinois 


“AMERICAN Brano” 


WEATHERPROOF WIRE AND CABLES 
HAS NO EQUAL 
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Why and How 


At the throw of the switch, TR Automatic Self- 
Start Motor starts on a high resistance squirrel cage, 
placed at the bottom of the rotor slots. At a certain 


External starters are eliminated. In thousands of 
iastallations, neither motors nor switches have ever 
given tro ible. Starting current is exceptionally 
low, starting torque high, and the motor will carry 
heavy overload, 


This is a brief description. Full details will be found 
in this bulletin. Write for it today. 


HEAVY DUTY 


— 


It certainly does— 


Low power factor means waste power which somebody 
must pay for.—Even where there is no penalty, it is 
eventually reflected in rates. 


It is necessary to overmotor when ordinary induction 
motors are placed on hard starting jobs. Overmotor- 
ing always causes bad power factor. 


TR Self Start Heavy Duty Motors deliver starting 
torque of 275% to 300%, with starting current 
averaging 30% under N. E. L. A. requirements. No 
matter how heavy the start, you can power for run- 
ning conditions—forget the starting load. Over- 
motoring is unnecessary. 


Result—unusually high power factor for TR. 


THIS RECORD SURPRISED US 


Above is a 24-hour power factor chart taken by a 
central station on one 75 H. P. slip ring, and four TR 
motors ranging from 71 H. P. to 75 H. P. 


P. F. over all is around 90%. P. F. for TR alone is 
96% —a surprise even to us. 


Repeated tests of TR power factor show it to be 
always high, which with TR’s superior operating 
characteristics makes it one of the most useful motors 
you can buy. If vou standardize on TR, power factor 
correctives are unnecessary. 


The Triumph Electric Corporation 


Cincinnati, Ohio 


THE ONLY MOTOR 
AUTOMATIC MADE 
SELF-START IN 2 TO 
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Facilities behind the instrument 


Because of the very exacting nature of their work, 
instrument makers must depend in great part on oper- 
ating conditions. For instance, the moving parts of 
instruments, especially the miniature types, are small 
and delicate and the clearances are proportionately 
fine. The Jewell organization gives full consideration 
to these requirements and supplies them in a complete 
way, Good illumination—clean surroundings—ample 
room—proper equipment—in fact every facility that 
proves of value in maintaining accuracy of the instru- 
ment is found here. 

Twenty-five years of experience in making instruments 

that have proven accurate under various conditions 


assures you of successful results with all Jewell instal 
lations, 


Jewell Electrical Instrument Co. 
1650 Walnut Street. Chicago, III. 


mmm 


For Over Twenty Years 
They have given satisfactory service under the most severe 
operating conditions. 
Dependability! and 
Trico Renewable Fuses, with the Trico 
Powder-Packed Renewal Element, will GENERATORS 
give you better and more dependable BURKE 
protection. Their time-lag feature will 2 
eliminate the annoyance of unnecessary E ELECTRIC 
blowing of fuses on starting and momen- F 8 CO. 
tary overloads. F Erie, Pa. 
A Safe and Try a set TODAY! They’re i SALES OFFICES IN PRINCIPAL CITIES 
W Te Famous for Performance.“ rene 


Safety! 


Why take chances? Trico —a 
Fuse Pullers, the accepted 
standard safety tool, will 
prevent unnecessary shocks, burns or perhaps death. Keep 
one in every fuse box for use in emergencies. Three sizes, 
all made to give A Lifetime of Safety First Service.” 


Insist on TRICO. If your dealer cannot supply you, write for 
name of our nearest distributor. 
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Hoisting Machinery. 
z Metal , and Woodworking equip- 
4 i ment. 

Electric Trucks and Tractors. 

Mine Locomotives. 

Pumps, Fans and Blowers. 

All General-Purpose Motor Con- 

trol applications. 


Send for bulletins and detailed 
information, 


Union Electric Mfg. Co. 
Milwaukee, Wis. 
20 Sales and Service Offices 


T E Specially designed for 


g 


"y Ba +i 
- rT 
1 
Tre 

— 

— v 

Bis 


mmm mmummmmmmmmmmmmmem ö 


A 
DAAPAOUADONADOODOOIOONIODACUAOOAACOOCTONAOOONOACOADOUOCOADOOOOOAAAAOOOOANONANAOACOOOAOAODAODAONODNOAAONAOIDAUOODONADOOOOODOONODDAANAOPOOADOOODOOAODOLONOOOOOOCOOODOADAODODOOCOODOOOOODAUOOAOAOOODONOOANOAOOOAONOONONDOOODAOOOOOTOODOOOTEO NI 


TRICO FUSE MFG. CO., Dept. B., Milwaukee, Wis. 
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FAFNIR 


or Electric Motors 


If you are interested in 


applying ball bearings to i 
your present motors, let t 
our Engineering Depart- : 
ment help you in deter- 
mining the correct design f 


and mounting. On new 
motors, manufacturers 
will supply Fafnir Ball 
Bearings if you so specify 
when ordering. 
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.. . o less trouble with windings 
..no oil gets in... 


Now that the chief engineer of a 
large foundry has changed over 
to ball bearing motors, he writes, 
We have less trouble with the 
windings and commutators due 
to the fact that no oil gets in. 


As in this instance, so in hun— 
dreds of others. Experience 
shows that ball bearings do cut 
down motor trouble and 
failures. That ball bearings 
do get rid of the worries, 
time out, and costly expense 
of so many rewinding jobs 
caused by oil-soaked insula- 


tion and short-circuited coils. 


And here is why. Ball bearings, 
unlike plain bearings, virtually 
do not wear. Armature shafts in 
alignment stay in alignment. 
There is no chance of rotors 
dropping and abrading stator 
coils, or of air-gaps closing. 
Lubricant is retained in tightly 
sealed enclosures. It can- 
not leak out, neither can 
dirt get in. And a greasing 
once a year is the only at- 
tention a ball bearing motor 
needs. 


This manual on ball bearing motors is of 


importance to every motor user, 


Copies 


will gladly be sent on request. 


THE FAFNIR BEARING COMPANY, NEW BRITAIN, CONN. 


Makers of high grade ball bearings for every purpose— 
the most Complete line of types and sizes in America. 


NEWARK CHICAGO 
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Electro Dynamic Motors 


The Pioneer Manufacturer 
of Ball Bearing Motors 


Electro Dynamic has not only pioneered in the development of ball 
bearing motors but also has maintained consistently a policy of de- 
signing and building along the most advanced lines. 


That E. D. Motors meet the requirements for steady performance 
and freedom from repairs is well shown by their ability in actual 
service—out on the firing line. 


Whether you require a small motor for general purposes or a large 
one for a special service, an E. D. Motor will fill the bill. Let our 
Engineering Department assist you to select the proper size and type. 


For complete details about E. D. design and 
performance send for copies of our bulletins. 


ELECTRO DYNAMIC CO., Bayonne, N. J. 


-Electro Dynamic Motors- 


hea? 
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Rollway Bearings and Housings 
stop motor bearing troubles 


On your old motors as well as on new ones, you can 
eliminate bearing troubles and the host of other troubles 
that originate in sleeve bearings by installing Rollway bear- 


Rollway Bearing Company, Inc. 


Vol.84, No.12 


ings and Housings. The Rollway Bearing Company has 
furnished bearings and housings for changing over thousands 
of sleeve bearing motors and is prepared to furnish change- 


over equipment for any standard motor. Send name-plate 
data on your most troublesome motor or our nearest engi- 
neering representative will call on request. 


Syracuse, New York 


slip / 


A slip of the belt is no 
fault of the belt 


Tightening the belts does not prevent belt slip. This is a scientific 
fact. Cling-Surface preservative absolutely prevents slipping and 
enables you to run the belts slack, thereby increasing the arcs of 
contact, preventing hot-boxes, and often quadrupling the life of 
your belts, Besides. Cling-Surface prevents a large per cent of 
shut downs. The coupon represents an opportunity for you to 
effect large savings of power. In addition it will bring you the 
means of saving belts, machinery, fuel and money. Mail it today. 


/ 


Cling-Surface—preserver of belts 
—has been made for thirty 
years by the only company 
whose sole praduct is belt treat- 
ment. It is used in every coun- 
try of industrial importance in 
the world. It saves belts and 
machinery. It increases trans- 
mission efficiency and prevents 
all loss due to slipping. 


Maddock Pottery, Trenton, N. J. 
Preserves Belts— 


Cling-Surface Eliminates Belt Slip 


CLING-SURFACE CO., 1020 Niagara St., Buffalo, N. Y. 


III 
Conditions in our CLING- SURFACE CO., 1020 NiaoAN Sr., Burr Lo, N.Y. 
plant are about as Gentlemen: I am always willing to give a belt-saving. 


o sere ae money-saving proposition a trial on its own merits. 
dim d Send tin to fit conditions noted and of the size checked. 
C damp TY | If need be, 2 shall use the entire contents, If satisfactory 


C) dusty [) elean 


1 S 
O 3 gal. tin at shall pay in 60 days. Otherwise no pay. 


Compass Attention 


$3.25 gal. f. 0. db. Address IE. 1226 
nearest ware- 
house. FREE 60 Day Return Privilege COUPON 
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M EGGER“ 


(Registered Trade Mark) 


“M EG” 
Insulation Tester 


Generates 500 volts, d.c. 
Range 0 to 100 Megohms 


How do you test insulation? 


RE you guessing at this important element of your 

Acie" equipment—waiting for weak insula- 

tion to give trouble? Or do you attack the prob- 

lem in the manner described in our latest “Megger” 
Catalog? 


This New Catalog 1145-E describes all of our “Megger” 
Instruments including the “Megger” Testing Sets, 
Bridge-Megger Testing Sets, Meg 
Testers, Super-Meg' Insulation Testers and “Megger” 
and Meg Ohmmeters. It indicates how they are used 
in all branches of electrical work and gives some timely 
suggestions about the type and range of “Megger” 
Instrument to choose 
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ods for testing electrical insulation resistance are given 
in detail. 48 pages. 63 illustrations. 


Write today for your copy 


JAMES G. BIDDLE 


Electrical Instruments 
1211-13 Arch Street, PHILADELPHIA 
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Star Motors 


for Pumps 
Centrifugal—Rotary—Plunger 


New York, N. Y., 30 Church Street 
Pittsburgh, Pa., 712 Ferguson Bldg. 
Rochester, N. Y., 165 Clinton Ave. N. 
Philadelphia, Pa., 10 So. 18th Street 
Columbus, Ohio, 75 E. Spring Street 
Milwaukee, Wis., 1092 National Ave. 
Chicago, III., 608 So. Dearborn St. 
Cleveland, Ohio, Rockefeller Bldg. 
Minneapolis, Minn., 91 So. 11th Street 
Boston, Mass., 176 Federal Street 
Cincinnati, Ohio, 315 Elm Street 

High Point, N. C., 309 E. Russell Street 


In the Star line there is a ball bearing motor for every type of 
pump. Ball bearings are best for medium and slow speed work, 
and are indispensable for the high speeds at which centrifugal 
pumps function. All Star motors are ball bearing motors. 


The high starting torque requirements of plunger or slow speed 
rotary pumps are fulfilled by the Star double squirrel cage motor. 
This motor in sizes to 50 h. p. may be operated by an automatic- 
switch, as it requires no compensator or rheostat. 


Rugged and dependable simplicity characterize Star Motors. 
They are built both in A.C. and D.C. from 14 to 100 h. p. hori- 
zontal and vertical, all speeds, all types and for all current 
characteristics. 


Besides carrying a stock of standard motors, we maintain a de- 
partment to develop motors for standard equipment. 


STAR ELECTRIC MOTOR COMPANY 
140 Miller St., NEWARK, N. J., U. S. A. 
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Phantom ciew of a 
Shepard Electric Hoist 


Send for the LiftAbout “Book of 
Ilbastaated Economies.” and cop 
the 52 a Par Fleer Operated Hoist 


Mr. ENGINEER! 


THE 
(APPROVED) 


sizes. 


Write for Catalog 
on Complete Line. 


1234 Fyr-Fyter Bldg., 
DAYTON, O. 


Leere 


CENTRAL STATION 
(Carbon tetrachloride type) 


A new type of fire pro- 
tection for those elec- 
trical hazards as well 
as other incipient fires. 
The liquid used is an 
absolute non-conductor 
of electricity and will 
not damage anything 
but fire. Built both in 
gallon and two gallon 


The Fyr-Fyter Co. 


A peep into a Shepard 


Within those tightly sealed metal housings of a Shepard Electric 
Hoist is an orderly arranged, balanced mechanism completely protected 
from dirt, dust, dampness, fumes and varying atmospheric conditions. 


The electric brake, mechanical brake, gearing, winding drum, motor, 


are all in line and provide permanent alignment so essential to de- 
pendable operation. Thorough and automatic lubrication is assured 
by the oil bath method. 


All parts are built on the unit system, and each is separately accessible 
without disturbing any other unit. 


Shepard Electric Hoists predominate in industry—end the reason is 
easily understood—a design and construction with one thought in 
mind; consistent day in, day out performance. 


Shepard Engineers are always ready to assist you. 
SHEPARD ELECTRIC CRANE & HOIST CO. 
415 Schuyler Ave., Montour Falls, N. Y. 


Branches in Principal Cities 
Largest Manufacturer of Electric Hoists in America 


HEPARD 


D. C. and A. C. 
MOTORS 


— only a minimum of 
3 Have unusually 

io Help maintain 

8 production. 


D. C. Machines up to 75 H.P. 
with commutating poles. Get 
Bulletin No. 200. 


A.C. Machines up to 75 H.P. 
All standard and volt- 
ages. Get Bulletin No. 300. 


Gladstone, Michigan 


PR ODA POTODV OI DOA TOONT NOTTE 


SUCCESSFUL 
SODERING 


When you join two metals with soder the joint is 
stronger than the metal it joins if good solder is 


used with— 
ALLEN SODERING FLUXES 


it means— 


Sure secure sodered joints 
Send for free samples now 


L. B. ALLEN CO., Inc. 
4531 N. Lincoln St., Chicago, III. 


TOM 
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MARBLE - CARD 


2 Marble-Card Electric Company 
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ROCKWOOD Jnátant PU LLEY SERVICE 


i 8 4 
i 


ALBANY, NEW YORK LOS ANGELES LOUISVILLE, KY. MILWAUKEE, WIS. 

909 Sizes 1% to 8 in. dia. 2268 Sizes 114 to 24 in. dia. 909 Sizes 114 to 8 in. dia. 1297 Sizes 1^% to 10 in. dia. 

Sager-Spuck Supply Co. Illinois Electric Co. E. D. Morton & Co. Ine. Julius Andrae & Sons Co. 
364-06 Broadway 313 8. San Pedro St. 516 West Main St. Broadway and Mich. 
ATLANTA, GA. NEW ORLEANS 


1734 Sizes 14% to 12 in. dia. 
Fulton Supply Co, 
70 Nelson St. 


BALTIMORE, MD. 
1297 Sizes 114 to 10 in. dia. 


Carey Ipc gee 4 Supply Co. 


9 E. Lombard St. 


BIRMINGHAM, ALA. 
909 Sizes 1t% to 8 in. dia. 
Matthews Electric Supply Co. 


BOSTON, MASS. 
2194 Sizes 11 to 14 in. dia. 
Olmsted-Flint Corp. 
Cambridge 


BUFFALO, N. v. 
1207 Sizes 11% to 10 in. dia. 
Root, Neal & Co. 
178-180 Main St. 


CHICAGO, ILL. 
2104 Sizes 144 to 14 in. dia. 
Chicago Electric Co. 
740 W. Van Buren St. 


CINCINNATI, OHIO 
1297 Sizes 114 to 10 in. dia. 
Doermann-Roehrer Co. 
450 E. Pearl St. 


CLEVELAND, OHIO 
2104 Sizes 1/4 to 14 in. dia. 
Stroug, Carlisle & Hammond 
1394 W. Third St. 


DALLAS, TEXAS 
2194 Sizes 11% to 14 in. dia. 
Southwest General Elec, Co. 


It Takes More Than 


To Deliver Pulley Service 


OCKWOOD originated the paper pulley more 
than 40 years ago and has pioneered its develop- 
ment ever since. So Rockwood Paper Pulleys are now 
factory equipment on 90 per cent of the belted elec- 
tric motors built—and are accepted as standard for 
all heavy duty belt-drives. It is small wonder then 
that users think all paper pulleys are Rockwoods. 


But, like other outstanding successes, Rockwood 
Paper Pulleys have their imitators—those whose 
foundation lies onlyin an outward resemblance to the 
genuine. There are even those who claim through 
careless use of figures to duplicate Rockwood Instant 
Stock Pulley Service—a nation-wide service that 
makes Rockwood Pulleys immediately available. 


But it takes more than outward resemblance to the 
genuine to makea good pulley. And it takes more than 
“bunk” to deliver pulleys when called for. For your 
own protection, be on guard for the fellow who offers 


909 Sizes 144 to 8 in. dia. 
Woodward, Wight & Company 


NEW YORK CITY 
2194 Sizes 146 to 14 in. dia. 
Rockwood a “4 Stores, Inc. 
urra 


* OMAHA, NEB. 

909 Sizes 14% to 8 in. dis. 
Interatate Machy. & Sup. Co. 
1006 Douglas St. i 


- OKLAHOMA CITY, OLKA. 
f 909 Sizes 114 to 8 in. dia. 
A. W. White 
424 West Reno St. 


PHILADELPHIA, PA. 
2194 Sizes 144 to 14 in. dia. 
Charles Bond C ‘company 
617 Arch St. 


PITTSBURGH, PA. 
1734 Sizes 14y to 12 in. dia. 
Transmission & Belting Co. 

325 Second Ave. 


ROCHESTER, N. Y. 
909 Sizes 112 to 8 in. dia. 
Rochester Electrical Sup. Co. 
240 5t. Paul St. 


SALT LAKE CITY, UTAH 
90% Sizes 149 to 8 in. dia. 
Capital Electric Co. 
310 W. Second South St. 


SAN FRANCISCO 
2248 Sizes 144 to 20 in. dia. 
Buzzoll 7 Works 


ar S 130 8th 8 
R you a pulley as good as Rockwood.“ And remember 
—the “thousands” of stock sizes he claims to carry 
DENVER, COLO. may be but a hundred or two at most. SEATTLE, WASH. 


909 Sizes 1% to 8. in. dia 


Hendrie & Bolthoff Mfg. & Sup. Co. 


1635 17th St. 


DETROIT, MICH. 


Rockwood makes and stocks at definite locations 
from coast to coast 2194 different sizes of Rockwood 
Paper Pulleys (1% to 14-inch diameters) to give you 
Instant service. Order from the Rockwood service 


2194 Sizes 1% to 14 in. dia. 
Seattle Hardware Co. 
501 First Ave., South 


ST, LOUIS, MO. 


1 2194 Sizes 11 to 14 in. di re z 2194 Sizes 114 to 14 in. dia. 

l Spaulding 128 5 stock nearest you, giving diameter of pulley wanted, Teuscher r Pulley * Belting Co. 
1344 Michigan Ave. width of belt to be used, shaft size and dimensions 1 N. 2nd St 

yf of keyway in shaft. 


INDIANAPOLIS 
2194 Sizes 1% to 14 in. dia. 
Rockwood Paper i 
1801 English Ave. 


JACKSONVILLE, FLA. 

909 Sizes 115 to 8 in. dia. 

Cameron & Barkley Co. 
336 E. Bay St. 


KANSAS CITY, MO. 
1207 Sizes 1% to 10 in. dia. 
Webb Belting Co. 

1501 West Twelfth St. 


-ulley Stores, Inc. 


THE ROCKWOOD MANUFACTURING CO. 
INDIANAPOLIS, U.S. A. 


— — — 


ST. PAUL, MINN. | 
1297 Sizes 142 to 10 in. dia. 
St. Paul Electric Co. 
145 E. Fifth St. 


SYRACUSE, N. v. 
909 Sizes 11% to 8 in. dia. 
Syracuse Supply Company 
314 W. Fayette St. 


TOLEDO, OHIO 
909 Sizes 114 to 8 in. dia. 
W. G. Nagel Supply Div. 

28 St. Clair St. 


TORONTO, ONTARIO, CANADA 
1207 Sizes 114 to 10 in. din. 
Bond Engineering Works, Ltd. 

Foot of Cherry Street 


MONTREAL, QUEBEC, CANADA 
909 Sizes 1'4 to 8 in. dia. 
Williams & Wilson, Ltd. 

84 Inspector Street 


Service Stocks from Coast to Coast 
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Tycos Instruments 
assure proper and uniform penetration 
without waste of time or power 


Impregnation with insulating compounds, by 
means of the pressure-vacuum system, is but one of 
many hundreds of industrial processes where in- 
stallation of suitable Tycos Instruments can effect 
worthwhile economies. 


In this case, Tycos Industrial Thermometers (and 

where the installation warrants it, a Tycos Tem- 
perature Regulator) on the compound tank and im- 
pregnator, help keep compound temperatures “just 
right,” with a minimum of heat input and attention. 


Tycos Pressure and Vacuum Gages, on the impreg- 
nator, provide for accurate control of pressure and 
vacuum at an established point of utmost efficiency, 
thus assuring absolute uniformity in the product 
without the need for constant attention of skilled 
operators, and at minimum operating cost for 
power. 


Among the nearly 8000 different instruments listed 
in the Tycos Bulletins, are indicators, recorders and 
regulators for the control of temperature, pressure 
and vacuum in every conceivable type of industrial 
apparatus, dependent on these conditions. 


— 


Competent Tycos engineers will 
gladliy consult with you, making 
a careful analysis of your manu- 
facturing processes, and sub- 
mitting specific recommendations 
without placing you under any 
obligation. 


~ — a rT 


Instruments 


INDICATING-RECORDING -CONTROLLING 
The SIXTH SENSE of Industry 


Taylor Instrument Companies 


ROCHESTER, N. Y., U. S. A. 


CANADIAN PLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING IN GREAT BRITAIN 
TORONTO SHORT & MASON, LTD., LONDON 
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have you seen 


the 
Improved 


BROWNING 
SPREADER? 


Leading engineers and motor repair 
experts have declared it to be the 
most efficient machine for spreading 
all types and sizes of coils from 8 in. 
to 42 in., with exact pitch for bi- 
polar or large-diameter motors. 


Write us for descriptive literature. 


MUTUAL FOUNDRY & MACHINE CO. 
Atlanta, Georgia 
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Elwell- Parker . 


Plate H 
ELECTRIC LIFT TRUCTOR 


Picks Up 
Tilts 
Transports and 
Stacks 


All accomplished 
electrically 


Request details as to this s 
new special, illustrated in 
Bulletin A535. = > 


The Elwell-Parker Electric Co., Cleveland 


WORCESTER BLEACH & DYE WORKS CO. 


ESTABLISHED 1861 


Bleachers, Dyers and Mercerizers of Cotton Yarns and Warps 
Winding on Cops, Tubes or Cones 
Manufacturers of Cotton Yarns in Fast Colors 


ed Cotton Yarns 
“Sewing and Stitching Threads fer All Industries” 


Home of Silkslip Braider Thread 
WORCESTER, MASS. 
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Deltabeston 


THE WIRE WITH THE LONG ASBESTOS FIBRE 
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Deltabeston stove wire is insulated with a wall of 
especially treated asbestos roving, 1/32 of an inch in 
thickness, over which is woven an asbestos yarn braid. 
Because of its compact and durable asbestos insulation 
adhering strongly to the conductor, and its remarkable 
resistance to abrasion, this is an ideal wire for the use 
of both manufacturers and electric contractors in and 
around electric ovens. 


For the lighting of these ovens asbestos covered wires 
have been found absolutely necessary. 


These advantages prevent short circuiting which has 
become a serious hazard when cheaper, loosely braided 
asbestos covered wiring is used. 


Send for catalog and prices on Deltabeston, the wire 
with the long asbestos fibre. 


YORK INSULATED WIRE WORKS 


OF GENERAL ELECTRIC CO. 


120 BROADWAY, NEW YORK 


Close-up showing the 
long-fibre asbestos used 
exclusively on Deltabeston 
wire. 
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Run your plant lighting 
circuits through— 
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CONDUIT 
SYSTEM 


This is an inexpensive, simple, prac- 
tical method of surface wiring both 
large and small jobs. 


Slip joints eliminate threading and 
reaming—thereby cutting installation 
costs. 


Surface wiring is always accessible. 
Outlets may be located wherever 
needed after buildings are completed. 


The Wiremold System makes a good 
looking, sturdy job. 


Approved by the Underwriters Lab- 
oratories and Associated Factory Mu- 
tual Insurance Companies. 


Stocked by leading electrical jobbers. 


For complete information get a copy of the 
new “Wiremold Conduit System Catalogue 
and Wiring Guide.” 


Send coupon to-day 


The Wiremold Company 


Hartford, Conn. 


— ——ẽ—— ee Bp’ hh 2 


me 


Feen 


sucaceturszeversarresneversccenettavemnsevevvsreressssvoensscsnnruesuesneutsrcsonoveescvsccoesoonseneaccvssoenoteressuessearn urernttünn tinte eee 


ente eee eee eee tete eee eee reece tnt te 


Do your COMMUTATORS run HOT? 
Do you have DESTRUCTIVE SPARKINGP 
Are your BRUSHES wearing GROOVES? 
Are your MACHINES NOISY? 


Eliminate all these troubles and 
Prolong the Life of Machines 


by equipping them with 


The original and improved 


Reaction 
Brush Holder 


over 20 years in service 


Let us equip a Generator or Motor for you. Make 
its final acceptance subject to your approval after any 
reasonable period of operation. 


THE BAYLIS CO. 


50 Nelson Street 


BLOOMFIELD. N. J. 


perfect 
Contact” 


TYPE B 


No more 
replacing 
of switch 
and fuse clip 
or fuses 

due to heat, 
overloading 
dust, 
vibration, 
moisture or 
corrosion. 


TYPE A 


REINFORCED SWITCH & MFG. CO. 


521-A BESSEMER BLDG., PITTSBURGH, PA. 
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“The Clip with the Grip” 
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Saving Power for 


DAVID COLE 
COMPANY 
With a Dodge-Timken Belt 


Governor 


ABET drive needs a gov- 
ernor to maintain uni- 
form and maximum contact 
on pulleys. It needs the cor- 
rect tension to carry the load 
with minimum slip under 
varying conditions. 

With the advent of the 
Dodge-Timken Automatic 
Belt governor, which is an- 
other of the series of rugged, 
trouble-free, power saving 
products, built by Dodge, in- 
dustry has found another way 
to effect great savings. Wher- 
ever it is in use it is substan- 
tiating every claim for it. 

Its application to all indus- 
try has been exceedingly suc- 
cessful. Above, is an illustra- 
tion showing it in operation 
in the David Cole Co., Omaha, 
Neb. The Dodge-Timken 
Belt Governor can be applied 
to horizontal, 
angleor vertical 
drives. It is 
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equipped with Timken Ta- 
pered Roller Bearings, which 
are designed for high-speeds, 
heavy loads,continous oper- 
ation and severe service. 
Our special bulletin, giving 
full particulars regarding 
this new Dodge-Timken 
development, 
will be sent on 
request. 


Where Industry Is 
Dodge Serves 


Fifteen District Sales offices 
locatedin Chicago, Milwaukee. 
Minneapolis, Cleveland, 


Cincinnati, Oneida, Boston, 
Philadelphia, New York, 


leading mill supply and ma- 
chinery dealers in making 
Dodge service immediately 
available to you. 


DODGE MANUFACTURING CORPORATION, Mishawaka, Indiana 
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Power Transmission Material Handling Special Machinery 


80 | NDUSTRIAL ENGIN Vol.84, No.12 


That Electrical 
This Mark 


Fact You Want 


is here 


This is the one standard electrical help containing all 
of the data, kinks, short-cuts, helps and other infor- 
mation that the practical electrician, wireman, line- 
man, contractor, plant superintendent and construc- 
tion engineer needs. 


Croft's 
American 
Electricians’ 


Handbook 


By TERRELL CROFT 


823 pages, flexible, pocket size, 900 illustrations, 
$4.00 net, postpaid. 


The book is brimful of those facts which every man 
engaged in electrical work needs to know. 


Think how much help you would be able to get from 
$ a convenient pocket-size handbook that gives you in 
one book— 
a 8 O 1 E Practical suggestions for locating and correcting 
both motor and generator trouble 


Clear directions for proper installation and opera- 
tion of motors and generators 


Explanations of 
tricity— 
Helpful data on transformer 


All the details the practical man needs on wiring 
for light and power, 
All these topics and many more are covered in this 
revised second edition of Croft’s Handbook. 


fundamentals of practical elec- 


Lock for it on all enameled steel re- 
flector installations where Abolites 
are specified. 


It also stands for highly efficient 
lighting and a dependable product. 
One which the engineer can specify 
and know that his requirements will 
be fully covered. 


To the user, Abolites offer a flexible 


Examine it for 10 days FREE 


Examine this help- 
ful book for 10 
days free. See 
what it is—what 
it gives you—how 
it can help you. 
There's no obliga- 
tion to keep it— 
you can send it 
back if you don't 
want it. Take this 


——— — —— — nm.... — D E — — 


opportunity to see 
it. Send your 
coupon now! 


AAN 


equipment, mainly because of the 
various types of holder sockets and 


J14 


8 It helps 
interchangeability of reflector shades x — 
to meet changing conditions in his 8 time 


140 
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plant. 


Abolites are made in the following 
types. 


R. L. M. Dome 
Shallow Dome 
Deep Bowl 
Angle Bowl 


Glass Steel 


If you are not familiar with them, 
kindly write for catalog E-178. You 
will find it a handy reference book 
on industrial lighting equipment. 


Mail this 


coupon today! 


n MC GRAW = HILL 
FREE EXAMINATION COUPON 


McGraw-Hill Book Company, Inc., 370 Seventh Avenue, New York, 


Send me Croft's American Electricians’ Handbook. $4.00 net, post- 
paid, on 10 days' approval. I agree to pay for the book or return 
it postpaid within 10 days of receipt. 


(To secure book on approval print your name plainly and fill in all 


lines.) 
AB Products Division Ee ak ve wince 0d. © 6.0. aAA a 
Home Address oe teres ene - 
The National Screw & Mfg. Co. Position 6.66 nnn „%% % ⁶E˙.3(i¼ſnꝓ[n Na : 
Cleveland, Ohio Name of Comp an „ „%% ee : 


` 
(Books sent on approval to retail purchasers in the U. S. and 3 
Canada only.) I.E. 12-1-2326 f 
s 
es 
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FIGHTING Q 
OIL FIRES ~~ 


Every precaution is taken by the large oil com- 
panies to prevent fire but they are well equipped to 
fight a fire and prevent its spreading if one does occur. 


Pictured above is the station from which chemicals 
are pumped and distributed for fighting a fire in the 
plant of the Associated Oil Company at San Francisco. 


An EC&M Automatic Compensator is installed in 
this station for controlling the operation of the electric 
motor which drives the fire pumps. Push button con- 
trol through this Compensator makes it possible for 
anyone, without previous training, to start these pumps 
correctly. 


This Compensator has its working parts totally im- 
mersed in oil and sealed in a cast iron case. No matter 
how infrequent its operation may be, this Compensator 
is always ready for work when the emergency arises. 


Write for Bulletin 1042-F 


THE THE ELECTRIC CONTROLLER & MFG. CO. 


BIRMINGHAM -BROWN-MARX BLDG. PHILADELPHIA - WITHERSPOON BLDG. 
CHICAGO-CONWAY BLOG CLEV EI A, n BLDG. 
CINCINNATI ~ =HATIONAL BANK BLDG C OHIO SAN FRANCISCO-CALL BUILDING 
DE TROIT-DIME BANK BLDG. LOS ANGELES-THOMAS MACHINERY Cd SEATTLE-524 MAVE. SOUTH 
NEW YORK-50 CHURCH ST. AMERICAN BANK BLDG. TORONTO - TRADERS BANK BLDG. 


82 INDUSTRIAL ENGINEER Vol.84, No.12 


room 
Cr) New D, That Year in and 


“Circle T” Year out Service 
Motor Starting Switch 


3-Pole 


(M 


ROWAN 


Tumbler Type | Impedance 
600 V. A.C. Starter 
Rating for 
2 H.P. 600 V. A. C. 
No Fuse S q uirrel Cag e 
No. 2361 List$5.00 i Induction 
3 2561 ` oyra Discounts Schedule C Motors 


HE new “Circle T” 3 pole 
Tumbler Switch meets a large 
demand for a small yet rugged 


switch for starting 3 phase motors 
2 H.P. and below. 


TANN AV yi NN 
DOWAN CONTRO 
THE ROWAN CONTROLLER CO., BALTIMORE, MD. 


g" 


Note the following features: 
1. Small Size 


(Box is only 4 in. wide x 7½ in. long x 2% in. deep.) 


2. Very Rugged 
No. 2361 is a heavy duty switch designed to stand the severe 
electrical and mechanica! stresses of Motor Starting Work. 


Lr 


3. Cover is removable 
by taking out two screws. 


4. Very easily wired 


(See cut showing cover removed.) 


For all D.C. hoist motors 


STRONG—SAFE 


One moving part 
Cheapest to install 
Weather-proof 


S. 34 in. Knockout in each 
end. 


6. Not necessary to re- 
move switch from box 
for wiring. 


No. 2361 
Cover removed. 


Adjustable cut-off, actuated by block. 


e Automatic dynamic braking. All 
Trumbull Electric Mfg. Co. circuits constantly operative. Auto- 
PLAINVILLE, CONN. 


matic connection to lowering circuit. 


SAN FRANCISCO NEW YORK 2000 in use. 
595 Mission St. 114 Liberty St. 
PHILADELPHIA BOSTON, MASS. Full information promptly on request 


CHICAGO: 2001 W. Pershing Road 
JACKSONVILLE, FLA. 


CO-OPERATIVE UTILITIES CO. 
1503 Columbia Ave. Philadelphia 


a a 


eee. 
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Shipment in 
One Day 


On Standard Conway Clutches 


Your order for any of the following Standard 
Conway Clutches will be shipped the day after 
it is received—telegraph your order when 
rushed. Other sizes and shaft diameters 
shipped in two weeks or less. 


Your 
Engineering 
Department 

Needs 
This Book 


S hp. at 100 r. p. m., 118 or 114, 
shaft, max. speed 500 
10 hp. at 100 r. p. m., 144 or 148, 
shaft, max. speed 400 
15 hp. at 100 r. p. m., 148 or 2 , 
shaft, max. speed 380 
20 hp. at 100 r. p. m., 2 N or 2 1, 
shaft, max. speed 325 
25 hp. at 100 r. p. m., 2 1, 21 or 248, 
shaft, max. speed 250 


Easy engagement, quick release, drag free 
idling, that's Conway Clutches. Power always 
to deliver the maximum effort of the belt, chain 
or gear train —and a surprising amount of 
overload. 


The Clutch that controls the Steam Shovel, 200 Pages of Engineering 


Hoist, Loader, Dredge, Agitator, Conveyor or 


Baler should be packed with reliability. Information 


Standardize on Conway Clutches—with their one 200 Pages of 621 are devoted to me- 
point handy adjustment and interchangeable parts hanical e e af ti 

—wallop for all time the “bugaboo” of poor starting chanica engineering n orma on, care- 

and stopping. fully selected, classified and indexed for 

easy and instant reference. You will 

Get Bulletin No. 35 and 41 find this book invaluable in figuring 


and selecting Gears and Reduction Units 
of all types to meet all requirements and 
estimating costs. 


What Others Say: 


“Great assistance to our Engineering Department” 
John Deere, Harvester Works 
“Unusually Complete” Pittsburgh Plate Glass Company 
“Very valuable reference book for our Drafting Division” 
Sears, Roebuck * Company 
“Used as a textbook in our Engineering Department” 
Matthews Conveyor Company 
“Great deal of help to us” American Can Company 
“Valuable Book, we appreciate it” 
General Motors Corporation, Hyatt Bearings Division 
“You are to be congratulated on so complete a work” 
Joseph T. Ryerson & Sons, Inc. 8 
The most comprehensive and elaborate treatise in the Gear Field” ~“ 
International Smelting Company s~ 
R172 
FREE only to Executives and Engineers „ FOOTE 


BROS, 


FOOTE BROS. ee s 
The Conway 8 MACHINE CO. 1 


e ; PI d * th t b- 

236-246 North Curtis Street b Hatton a copy of Gear 

ul E O & CHICAGO Problems and IXL Speed 
~ Reducers. i 


Sales Offices in Au rrincipal <“ 
Cities U.S.A. and Canada.“ 


Name 


1934 W. Sixth St. 85 
CINCINNATE OMYo I dM vas 
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LAST CHANCE TO GET THIS 
BARGAIN OFFER 


PRACTICAL PRACTICAL PRACTICA ELECTRICA CENTRAL WIRING WIRING PRACTICY 
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Use 
these 
practical 

books 
on electricity 
for ten days free 


OU will never know how easy it is to master 


g electricity until you see the LIBRARY OF 
PRACTICAL ELECTRICITY, by Terrell Croft. 
And you will never know how much a knowledge of 
electricity means to you in dollars and cents until you 
gain this knowledge. 
The man who knows the most about his work is the man 
who gets the most in his pay envelope. Croft will teach you 
as he has taught 40,000 others—teach you by a new, revolu- 
tionizing method that saves you time, effort and money. He 


will teach you electricity as practiced by experts and qualify 
you for an expert's pay. 


The Croft Library 


of Practical Electricity 


A combined reference library and home study course 
in practical electricity 


FREE 


Bishop’s 
Electrical 
Drafting and 
Design 


Croft tells you the things you need to know about 
motors, generators, armatures, commutators. trans- 
formers, circuits, currents, switchboards. distibu- 
tion systems—electrical machinery of every type. 
Last Its installation, operation and repair—wiring for 
light and power—how to do it mechanically per- 
Chance fect in accordance with the National Electrical 

Code—wiring of finished buildings—underwriters’ 
Act and municipal requirements—how to do a com- 

plete job. from estimating it. to completion— 


N w illumination in its every phase—the latest and 
o most improved methods of lighting—lamps and 
lighting effects, etc. 


Free examination—no money down 


Fill in and mail the coupon attached and we will send you 
the entire set of eight volumes for ten days’ Free Exam- 
ination, We take all the risks—pay all charges. You assume 
no obligation—you pay nothing unless you decide to keep 
the books. Then $1.50 in ten days and the balance at the 
rate of $2.00 a month. Send the coupon NOW and see the 
books for yourself! 

When your first payment of $1.50 is received. we will send 
you your free copy of Bishop's ELECTRICAL DRAFTING 
AND DESIGN. 


Bishop’s Electrical Drafting and Design 
FREE if you subscribe NOW 


FREE EXAMINATION COUPON 


McGraw-Hill Book Co., Inc., 370 Seventh Avenue, New York. 


Gentlemen:—Please send me the Croft Library of Practical Electricity (shipping 
charges prepaid) for 10 days’ free examination. If satisfactory, I will send 
$1.50 in ten days and $2.00 a month until the special price of $19.50 has 
been pald. Upon receipt of my first payment of $1.50 I am to receive a 
free copy of Bishop’s Electrical Drafting and Design If not wanted I will 
write you for return shipping instructions. (Write plainly and fll in all lines.) 


Name 
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CORRECT IT 
USE LE CARBONE CARBON BRUSHES 


\ 


cette bebe ere eee eee, 


COST MORE PER BRUSH 
COST LESS PER KW.H. 


W. J. JEANDRON 


Hoboken Factory Terminal 


Building F 
Fifteenth Street, Hoboken, N. J. 
Pittsburgh Office, 634 Wabash Bldg. 
San Francisco Office: 525 Market Street 
Chicago Office: 1657 Monadnock Block 


Canadian Distributors: 
Lyman Tube & Supply Co., Ltd., Montreal and Toronto 
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1200 ampere two 
pole independent 
arm with “inter- 
locked trip.” 


A New Bulletin 


Every man who is interested in the latest developments 
in the circuit breaker line should send for new Bulletin 
A-530 just off the press. 


The information in this Bulletin is complete and con- 
venient. It is in get-at-able shape. Just what the 
busy man needs. 


Use the coupon. 


Your copy is waiting for you. 


“Over thirty years’ experience is back of ROLLER-SMITH” 


LLER-SMITH COME 


Main Office: Works: 
229 Broadway, New York Bethlehem, P 


` Offices in Principal Cities in United States and Canada. 
Representatives in Australie, Cuba and Japan. 
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The Dividing Line 


Between Profit and Loss 


Hard indeed to put your finger on a certain 
situation in your business and say There is 
the thing that cuts our profits.” If business 
could do that, all business would make the 
money it is entitled to. 


It is, however, an established certainty that 
the handling of merchandise or materials con- 
stitutes almost ninety percent of the making. 


It is also true that after the manufacture, the 
handling continues to add to the cost but not 
to the value. 


The drawing on the left shows: The Gravity 
line and slide as it runs from a Spiral Chute 
over a packing counter to a storage line of 
rollers. The order clerks for Buhl fill orders. 
The shipping clerks and checkers, check, pack 
and ship. They Do No Needless Handling. 
The conveyor saves their time. 


New York Office, 405 Lexington Avenue 
Chicago Office, 549 West Washington Street 
Philadelphia Office, 3110 Market Street 
Cleveland Office, 1108 Hippodrome Building 
Indianapolis Office, 404 Lombard Building 


Here is shown the end of the line of conveyors 
that work for Buhl and Sons, of Detroit, 
Michigan. 


The photograph shows the storage line from 
which the baskets of unassembled orders are 
taken as they come from the Spiral Chute and 
Gravity lines that unite all floors. 


Every department and every floor is a single 
unit. But conveyors make them one. Han- 
dling costs here are cut to a minimum; and to 
a fraction of what they would otherwise be. 


Eo 
: 


N 
DOr 


r. 


Our job—is to help you accomplish 
savings similar to those illustrated 
here. Write any of our offices or to 
North St. Paul. Let’s see if we cannot 
substitute profits for costs. 


a 


Kansas City Office, 419 Manufacturers’ Exch. Bidg. 
Milwaukee Office, 209 Grand Avenue 

Los Angeles Office, 335 So. San Pedro St. 

Seattle Office, 1105 Second Avenue 

Charlotte Office, P. O. Box 131 
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Philadelphia Hy-Speed Couplings 
are designed primarily for connect- 
ing shafts revolving at compara- 


These ia are obtainable for 
shaft diameters of from 1“ to 33” 
inclusive. 


We are in a position to en 
FLEXIBLE COUPLINGS for every 
industrial purpose, including our 
STYLE “A” COUPLING, and 
the. well known “AJAX” COUP. 
LINGS. 


EI 


HANDLE 
ON TOP 
Avoids Strain 
on Wrist 


Projects dry air—at rate of 
250 feet per second. Light 
easy to operate. Switch is 
on handle—right under the 
thumb. So admirably bal- 
anced that to use it is a 
delight. Ask for circular. 
B. F. STURTEVANT Co. 

Hyde Park, Boston, Mass. 

Offices in Principal Cities 
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“Here’s a Good High Speed 
Flexible Coupling” 


Philadelphia Hy-Speed Couplings are the industrial counterpart of 
the extremely successful propellor shaft universal joints, which have 
been used for many years on automobiles. 


The flexible medium consists of a number of discs, each of which is 
composed of superimposed layers of fabric, impregnated with rubber. 


There are no parts to get loose, no sliding fits to rust, no bushings to 
work out under pressure, no steel springs to crystallize, no parts to 
wear out, and no lubrication required. The coupling halves are also 
electrically insulated from each other. 


am PHILADELPHIA 


FAR WORKS 


PHILADELPHIA, PENNA. 
Branch Sales and Engineering Office: 12 E. 41st St., New York. 


PU 


Blow out the dust 


itr: 


ea” CADILLAC 


Bearing 


Portable Electric Blower 


Equipped with NORMA 
Precision Bali Bearings 


Keeps motors and 0 6 clean and efficient. Prevents 
“shorts” and burn o Reduces fire risk, No condensation. 
Instantly convertible rhe suction cleaning. 


Write for descriptive folder 


Clements Mfg. Co., 617 Fulton St., Chicago 


dene neee 


PATI 
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The “Artisan” Metalworker! 


A compact combination of up-to-date equip- 
ment for the Millwright, Machinist, Electrician, 
and Experimenter. 

Each machine is completely equipped—ready for work. Yet 


there is nothing extra—nothing unnecessary. Even the Drill 
Chuck is interchangeable in the Tailstock of the Lathe. 


Today’s program calls for “Sensible Economy.” 
Better get details of the “Headliner on the Bill.” 


-~ ARTISAN MANUFACTURING CO. 
859 Hathaway St., CINCINNATI, OHIO 


OULOCUOGURGRLRENAOUSODNSUCUSSUSOGNOAOTAOSOOROCOORUORSDECOOGGGONEC UAEDERGOORCORGSCSEURSESSICECLSSOQUROCRAOLOCUCRCESUEROOAUONDDGEDUREOOROGELEGOOUDSSORGODDOOODGRODSECUGGAODGOOUSGEOUORDGODSOODGCOOGSCSUGSDOUSDODOODSESEOSUOROROQESCEOOOSSORSUUOCSOULEONONERODS 
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Your careful in- 
spection of these 
Square D advan- 
tages is invited. 
Ask your jobber or 
write us direct. 


BRANCH OFFICES 


Boston Minneapolis 
New York Syracuse 
Pittaburgh St. Louis 
Philadelphia Atlanta 
Clocinnati Milwaukee 
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Three minutes! That's all it takes any 
Square D salesman to prove Square D's 
simplicity of construction and ease of main- 
tenance. For with a screw driver as his 
only tool he or anyone else can, in this brief 
period of time, remove any blade or jaw 
from the front without taking the base 
from the box or disconnecting all wires. 


Individual base construction makes this 
possible, all current carrying parts being mounted 
on individual insulating bases. 


It is this feature, combined with key-controlled acces- 
sibility, positive quick make-and-break action, 
enclosed mechanism, and assured safety that has 
achieved Square D its leadership—a leadership now 
solidly founded on more than 4,000,000 satisfactory 
installations. 
SQUARE D COMPANY, DETROIT, U. S. A. 
FACTORIES AT: DETROIT, MICH., PERU, IND. 


SQUARE D COMPANY, CANADA, LTD., WALKERVILLE, Sas 
BRANCH OFFICES: Toronto, Montreal 


SQUARE D 


Safety Switch 


BRANCH OFFICES 
Cleveland Kansas City 
San Francisco Chicago 
Los Angeles Baltimore 


uffalo 
lanapolis Columbus 
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“Making R e 


For all requirements, the small 


fora Nation... B 


*is shown above. 


panelboards constructed under the famous Q guar- 
antee-mark are not built for today or tomorrow, but for 
the years to come. We realize the constant change in better- 
ing building conditions and so strive to supply panelboards to 
successfully cope with the improvements yet to be made. 
Hence  Panelboards are not made to stand on the huge quantity 
that are produced yearly. They are made as if we were only making 
oneand upon that one rests the responsibility of our success. And that 
one panelboard is any one of our entire output. 


You will readily appreciate the advantages of standardization, of No matter how late & Panel- 


book, kof correct panelboard oversize parts, 5 nahi ad and of a ar g to be pane deliveries canbe made aay with 
practice a boa pro „ althoug 
data boek that “edie in 9 Panel ' ma is entire VV Pane boards are ‘net made in 


prominent place in any Superior construction has favored @ Panelboards with being “The haste our shipping depart- 


aa ar Sign of a Better Job.” We furnish estimates without charge. dimerentorincisles = 


Frank Adam 


ELECTRIC COMPANY 


ST. LOUIS 
DISTRICT OFFICES 
Atlanta, Ga. Chicago, III. Detroit, Mich. Miami, Fla. Philadelphia, Pa. San Francisco, Calif. 
Baltimore. Md. Cincinnati, Ohio Kansas City, Mo. New Orleans. La. Pittsburgh, Pa. St. Louis, Mo. 


Boston, Mass. Dallas, Texas Los Angeles, Calif. New York City, N. Y. Winnipeg, Canada 
Buffalo, N. Y. Denver, Colo. Minneapolis, Minn. Omaha, Neb. Seattle, Wash. London, Ont., Canada 


December, 1926 INDUSTRIAL ENGINEER 89 


ROS — aw 
+A . 


They used to 
reduce speed 


this way; in 


fact a good 
many still do. 


Open gear speed reduction set—exposed to dirt and grit, inducing rapid 
wear and a constant menace to safety. 


Nuttall 


does it 
thisway 


Is there any ques- 
tion in your mind 
which way is bet- 
ter? Andnotice 
the saving in 
space. 


A Nuttall, totally enclosed, speed reduction unit, with helical or 
herringbone gears. 


If you have a speed reduction problem you can save a lot of engineering 
by consulting us. We are prepared to start from your requirement, and 
design, manufacture and guarantee a reduction unit to do your work. 


RDNUTTALL COMPANY 
PITTSBURGH si: PENNSYLVANIA 


Philadelphia Office: Chicago Office: In Canada: 
Westinghouse Bldg., 30th and Walnut Sts. 2133 Conway Bldg. Lyman Tool & Supply Co., Ltd., Montreal and Toronto 
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Precision built for undercutting mica at lowest cost per commutator 


Grease Cup Air Nozzle 


Removable 
f dandle Br a‘ ket 


Removable Cutter Arbor Precision Spindle 
Outbearing serves as a rest and depth— 


gauge and insures uniform undercutting. 
Your repair department may try the Hullhorst Portable 
Undercutter ten days to determine if they like it as well as H U LL H O R S T 
other electricians do. It has been installed by hundreds of WINDERCUTTING MACHINES 


companies the past five years, who continue to use it. 


With this tool, undercutting is done in 1/10 the time FURNISHED ON TRIAL. 


required by hand methods. Its uniformly accurate work Exact size of the 9/32-in. mica cut- 


helps to keep power equipment efficient longer between [A ter used on Hullhorst No. 2. Its 
overhauls. unequalled efficiency makes uni- 
5 55 eee poset: 


Complete information on three Hullhorst Undercutters ble . - minimum 


at lowest Ps = commutator. This cutter 
and our small cutter is gladly furnished. Write for it today. is made for manufacturers in any size. 


The Hullhorst Micro Tool Co., 3242D Monroe St., Toledo, O. 


No. 2 Portable. Furnished with or without motor. Order it on 10 days trial. 


“Opportunity” Advertising: 


Think “SEARCHLIGHT”? First! 


BBADTOOO HOGG eee eee eee eee Poses OCAOON 
enecedecpocconononenseseneecnscoseeonccococnooooononetetee r . ² n —: 


Pc 


Speed Tool 
Reducing v 
Units 


its own 
Up to 5 H. P. Capacity 


ein 


LI 


way 


Has a nozzle con- 
trol from a Min 
line te a 7-in. 
spread. 
AN be profitably used with 
kerosene to clean motors and 
other machinery, with oil to lubri- 
cate inaccessible parts, and with 
paint to quickly, cheaply, and thor- 
oughly paint armatures, motors, 
pumps, machines, radiators, pipes, 
and concrete or brick walls. The 
spray reaches every crevice. 


TTR 


QUICK SERVICE 


Commutators refilled with hard 
drawn copper to your specifications 
within a few hours after receipt of 
core and sample bars. 


Cleveland 


Simons Paint Spray Brush Co. Armature Works, Inc. 
77 Maryland Ave., Dayton, Ohio E. 49th & St. Clair Ave., Cleveland, O. 


„eee eee eee eee ee eee eee eee eee eee eee eee eee © eO tO DDD 


Send for Catalog 


OOCDC DDD EEedeecese Dens oOdesscoeascRcoenegeonceenscennoseooonanonecconceesacoseoossoooonccecoseoeseeeeonoorsooees 


Send for prices. 


Winfield H. Smith 
15 Eaton = 5 N. Y. 
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_ Better benches 
for less money! 


66 ALLOWELL” all-steel benches are 

carried in stock. You can get them 
quickly—no lumber to order, no carpenters to 
hire. “Hallowell” benches are shipped complete 
—bolts and all. All-steel “Hallowell” bench 
drawers, with lock, protect tools. Steel tables, 
steel tool stands, steel bench legs, etc., are also 
in stock. They are built the “Hallowell” way, 
good-looking and durable. 


Loose pulleys 
really oiled! 


OU’VE heard dozens of claims about loose 
pulley oiling. The “Gast” really does the job 
—vils loose pulleys perfectly! Yes, it’s a chain-type 
oiler but an entirely new principle. Perfect film of 
oil at all speeds. Once or twice a year you replenish 
the oil reservoir—and that’s all there is to it! No 
more nuisance, no more delays, no more expense— 
yes, the “Gast” will pay for itself in 7 to 12 months. 
Of course, you don’t have to believe all this—but 
you can try a Gast' for 30 days free and then 
decide for yourself. You’ve never seen anything 
like the Gast, so better look at our new circular, 
then order in an Oiler on trial. That way, the 
“Gast” does its own selling! 


Write today, for free illustrated folders! 


Box 14, Jenkintown, Pa. 
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Maintenance? 


Replacement? 


ANUFACTURERS who prize good-will and new business will 
recognize such objectives in the plans for our February issue: 
good-will by enough attention to existing installations to insure 
satisfactory performance; incidentally a satisfied customer, and new 
business in the replacement of antiquated or misapplied apparatus. 
We are making it easy for the reader to ask nine searching ques- 
tions about his plant equipment. 


MAINTENANCE will be prompted by these questions: 


1. Has equipment been thoroughly inspected? 
2. Will minor repairs assure satisfactory operation? 
3. Is equipment now O.K.? 


REPLACEMENT’ suggests itself from the replies to questions four to 
nine inclusive: 


What major repairs are required? 

What is estimated cost of repair? 

What has been total repair cost to date? 

How long has this equipment been in service? 

What would cost be to replace with modern equipment? 
Should equipment be repaired or should it be replaced? 


T WILL be suggested to the reader that he talk over his problems 
with manufacturers. Here is an earnest effort to be of service to the 
reader of /ndustrial Engineer. Advertisers may fit into a movement 


for Maintenance when necessary and Replacement where advisable. 


Ask for full details of the plan. 


se INDUSTRIAL ENGINEER ~ 


A McGraw-Hill Publication 
Tenth Avenue at 36th Street, New York 
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SEARCHLIGHT SECTION 


5 EMPLOYVMENT- BUSINESS OPPORTUNITIES-EQUIPMENT 5 
8 hr 
| UNDISPLAYED—RATE PER WORD: INFORMATION: DISPLAYED—RATE PER INCH: A 
150 Positions Wanted, 4 cents a word, minimum Bos Numbers in care of any of our offices 1 to 8 inches an : 
iH 15 cents an insertion, payable in advance. count 10 words additional in undisplayed ads. 4 to J Inches... .-4+ +0025. 1 an inch | 
a Positions Vacant and all other classifications, Discount ot 10 if one payment is made in ess — * an i 
|: 8 cents a word, minimum charge $2.00. advance for Pur consecutive insertions of An advertising inch is measured vertically on z 
: Proposals, 40 cents a line an insertion. undisplayed ads (not tneluding proposals). one column, 3 columns—30 inches—to a page. : 
: LE Ẹ 
A EEE TEE ⁵—öñö — ä e T A) i A eee — . 
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POSITIONS VACANT 


ARMATURE winder, man thoroughly ex- 
perienced on A.C. rewinding and general 
motor repairing. Must be able to shoot 
trouble and run lathe. Steady position 
in modern shop. Electric Service Repair 
Co., 2nd floor, 45 Fair St., Paterson, N. J. 


A SHOP foreman wanted for a large elec- 
tric repair shop; must have had wide 
experience in handling help and capable 
of operating a shop of sixty or more 
workers; do not apply unless you have 
these qualifications; this shop is in the 
vicinity of Troy, N. Y. P-223. Industrial 
i Tenth Ave. at 36th St., 

ork. 


New 


COST accountant wanted, young man with 
sufficient training and experience in 
modern cost methods to work out and 
‘install cost system in plant with three 
hundred (300) employees in Northeastern 
Pennsylvania. Excellent opportunity for 
man with energy, tact, and initiative. 
Give full details of experience, education 
and salary. P-225, Industrial Engineer, 
1600 Arch St., Phila., Pa. 


MILLWRIGHT wanted, capable of instal- 
ling electric motors; this means not one 
but several thousand; must be able to 
handle help and get results; steady posi- 
tion to the right man: this work is in the 
vicinity of Troy, N. Y. P-222, Industrial 
ween Tenth Ave. at 36th St., New 

ork. 


WANTED: 1 men to become service 
experts and maintenance men for high- 
grade mechanical and electrical equip- 
ment as used in large industrial plants 
and factories in electrically controlling 
and recording temperature and pressure. 


Excellent opportunities for promotion 
after thorough course of trainin in 
factory of large manufacturer of in- 


struments and controllers. In applying 
describe mechanical ability, previous ex- 
perience if any and education. Young 
single men preferred who are free for 
quick transfers. P-226, Industrial En- 
gineer, Tenth Ave. at 36th St., New York. 


eee eteneeecoenecroneces soeedeecoeoeccgecenetstoeeogeseoecnoTeceece ceecescossocogeoeggneeees 


BE A METER ENGINEER 


Get in the new profession. We can teach you 
meter engineering by mail at your own home dur- 
ing spare time. Successful graduates everywhere. 

EARN $3,600.00 A YEAR 

Central stations must have Electrical Meter En- 

gineers. They pay high ealaries. Write today, 
just your name and address on a postal and we 

will send you full particulars free. Ft. Wayne 

Correspondence School, Dept. 80, Ft. Way 


A k ; ne, Ind, 
0e, ,νν˙%οẽjỹe eee 6666666660066 666666600680 8000 0066666861666 6068600600. 


Editorial 


Assistant 
WANTED 


Must be graduate electrical engineer 
with several years’ good, industrial 
operating and maintenance experi- 
ence, preferably in steel mill. 
Editorial experience not essential. 
but must write well. Excellent 
opportunity. Location New York. 
Give complete details, training, age. 
salary, 


P-224, Industrial Engineer 
Tenth Ave. at 36th St., New York City 
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EMPLOYMENT SERVICE 


[IF you are qualified for position between 
$2,500 and $25,000, and are receptive to 
negotiations for new connection, your 
response to this announcement is invited. 
The undersigned provides a thoroughly 
organized service, established sixteen 
years ago, to conduct confidential pre- 
liminaries, and assist the qualifled man 
in locating the particular position he 
desires. Not an. employment agency. 
Retaining fee protected by refund pro- 
vision, as stipulated in our agreement. 
Send name and address only for descrip- 
tion of service. R. W. Bixby, Inc., 258 
Main Street, Buffalo, New York. 
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Distributors 


WANTED 


WE are an old established highly 
rated concern and desire to make a 
few more permanent connections with 
Manufacturer's Agente and Distributors 
on an exclusive sales agency basis, who 
have proper connections and are in 
position to handle a fair volume of 
business. We manufacture the follow- 
ing lines of Ball Bearing Machines: 


D. C. Commutating Pole Machines 

A. C. Squirrel Cage Motors. 

A. C. Slip-Ring Motors. 

A. C. Double Squirrel Cage. 
Motors. 


A. C. Multi-Speed Motors. 


These machines are built in ratings up 
to 75 hp. and in all of the standard 
modifications. If interested, get in 
touch with us as we have a profitable 
proposition to offer. 


AS-210, Industria] Engineer 
7 South Dearborn St., Chicago, Dl. 
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SVE 35 to 45%. ( 
d ` Buy- Properly Rebuilt ‘Electrical Power 
1 * Equipment p? * 


: Every machine completely overhauled * 

aa and tested Guaranteed 

. í . Write for Stock Bulletin n a 
The FUERST-FRIEDMAN Co.. 

* i ‘CLEVELAND, OHIO - . = 
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BARGAINS 


New and Used 


WE can supply your motor 
needs in any horsepower. 
A.C. or D.C., any type or 
make. Also motor-generator 
sets of all characteristics. 
Our motor service is com- 
plete. We buy, sell, rent. 
exchange or repair. Every 
motor guaranteed for one 
year against all electri- 
>» cal or mechanical 
defects. Write & 
for our 
prices. 


L.J.LAND 


OTORS 
ACHINERY Eren 


We can save you considerable money on your motor 
and mschinery needs. Large stock to select from. 
Kverything guaranteed. Write. 

174 Centre St.. 


Freidus Machy. Co. v You cig 


OL ballet Led abel be ed ehh eee %%% 


144 GRAND S 
NEW YORK CITY 
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Bought 


ELLE 


MOTORS Wb 


REBUILT 
Buy With Confidence 


Every Motor Guaranteed to Make Good 
or We Will. 


ELECTRIC MOTORS CORP. 
170 Centre St., New York, N. T. 
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ELECTRIC MOTORS 


America’s Pioneer Electrical Bargain House, Estab- 


lished 1893—-High grade motors—generators. 
Meters, transformers. Bought, sold, rented, ex- 
changed, A $500,000 stock always available. 


GREGORY ELECTRIC Co. 
Works, 16th and Lincoln and Wood Sts., Chicago, III. 


UU ate bbb -~ 


WANTED 


USED TRANSFORMER 


From 250 kva. to 450 kva.. 11.000 to 
220 v., 25 cy.. 3 ph., self-cooled oil, indoor 
type. Will also consider 3 single phase 
Transformers. Please furnish a complete 
description of what you have. 
KEOKUK STEEL CASTING CO. 
Keokuk, Iowa. 
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J 
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(eee (ee! — 
Quality Right Prices 
Service Courteous Treatment 
— — oe” 


EXPECT THESE QUALITIES 
IN YOUR MOTOR 


Quiet operation (very important). 


. Interchangeable external dimensions for A.C. and D.C. in 
more than 80% of ratings. 


Perfect dynamic balance. 
Box type frames, feet integral, lessening skewing. 


N — 


. Heavy bearing brackets, lessening vibration. 


Large oil reservoirs. 


3 
4 
5 
6. Extra large bronze bearings, well lubricated. 
7 
8. Indestructible Rotor construction. 

9 


Forced ventilation. 


Built on a Creed ø 


mp crial Meet These Specifications 


mp and Generators 


THE IMPERIAL ELECTRIC CO. 


FACTORY: AKRON, OHIO 


11 


NEW YORK, N.Y. CRT AGO, ILL. PHILADELPHIA, PA. ST. LOUIS, MO. 
253 Broadway 9 So. Clinton St. 2019 Rittenhouse St. 301 Buder Bldg. 
BALTIMORE, MD. CLEVELAND, 0. COLUMBUS, O. CINCINNATI, O. 
BRANCHES 22nd & Maryland Ave. 4142 Rockefeller Bldg. 319 Citizens Rank Bldg. 14 Greenwood Bldg. 
MILWAUKEE, WIS. GRAND RAPIDS, MICH. 


236-24th St. 336% Michigan Trust Bldg. 
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WHAT AND WHERE TO BUY 


Equipment, Apparatus and Supplies Advertised in this Issue with Names of 
Manufacturers and Distributors 


Prospective purchasers in the electrical-mechanical market 


invited to 


are apprise 


us of their needs, assuming, of course, that the articles sought are not listed here. 


Air Compressors 
Allis-Chalmers Mfg. Co. 


Ammeters, Voltmeters 
ites. Instruments, Electri- 


Armature Bearings 
Rollway Bearing Co.. Inc. 


Armature Ooll Spreaders 
ue Coil Equipment 
Mutual Foundry & Machine 


Armature Coll Winders 
Armature Coil Equipment 


Co. 
Motus! Foundry & Machine 
Armature Repair Machinery 
Armature Coil Baquipment 
Blectric Service Supplies 
Mutual Foundry & Machine 


"the Kirk T Blum Mtg. Co. 
Betiecles 
National Carbon Co. 
Blectrlc Storage Battery 


Charging Apperatus 
General Electric Co. 
1671 Blectric 4 
Mfg. ‘ 


Battery Parts 

Electric Storage Battery Co. 
Bearings 

Baill 

2 Mfg. ; 
Now Departure Mfg. Co.. 
Norma Hoffman Co. 
Skayef Ball Bearing 


Roller 

Norma Hoffman Co. 

Row ay Bearing Co.. 85 
a Pressed Stee : 

Timken Roller Bearing Oo.. 


Co. 


Berring Metal 


Dodge Mfg. Corp. 

General Co. 

W house Electric & 
Mfg. Co. 


Bed Plates 
yaoi, Broe; Gear & Mach. 


Belts, Conveyor 
Link-Belt Co. 


Belt Dressing 


Cling Surface Co. 


Standard Oil Co., Ind. 


Belte, Transmission 
Link-Belt Co. 


Bench Legs 
Standard Pressed Steel Co. 


Bleachers 
Worcester Bleach & Dye 
Works Co. 


Blocks, Pillow 


Fafnir Bearing Co. 
Rollway Bearing Co., Inc. 
Standard Pressed Steel Co. 
Weller Mfg. Co. 


Clements Mfg. Co. 
De i Laval Steam Turbine 


Green Equipment Corp. 


Kirk & Blum Mfg. Co. 
Martindale Electric Co. 
Sturtevant Co., B. F. 


Centrifugal 

De Laval Steam Turbine Co. 
Portable 

Porter & Ross. Inc. 


Blow-Pipe Systems 
The Kirk & Blum Mfg. Co. 


Bobe 
Philadelphia Gear Works 


Bolte, Nuts and Screws 


Nat'l. Screw & Mig Co, 
Sturtevant Co.. B. F. 


Books, Technical 
McGraw-Hill Book Co., Ine. 


Boosters 
Allis-Chalmers Mfg. Co. 
General 9 aiactric 

house Diectric 4 


Clamp 

Standard Pressed Steel Co. 

Flood Outlet 

Adam Electric Co., Frank 
Hubbell, Inc.. Harvey 

Hanger 

Fafnir Bearing Co. 

Junction and Outlet 

General Electric Co. 
Hubbell, Inc.. Harv. 

Trumbuil Electric Mig. Co. 

Worn ouse Electric & 

fg. 

Meter and Service 

General Electric Co. 

Trumbull Electric Mfg. 

Westinghouse Electric 
Mfg. 

Sheet Metal Tote 

The Kirk & Blum Mfg. Co. 


Brakes 

Crane 

Clark Controller Co. 
Electric Controller & Mfg. 
Watt house Electric & 
Mig. Co. 


Co. 
4 


Dise 
Westinghouse Electric & 
Mig. 8 


Electric 
Clark Controller Co. 
Electric Controller & Mfg. 


Westinghouse Electric & 


Brushes 


Commstator 

Baylis Co.. 

Calebaugh Self Lubricating 
Carbon Co. 

Carbon Engineering Co. 
General Electric Co. 
Jeandron. W. 

Morranite Brush Co., Inc. 
National Carbon Co. 
Westinghouse Electric & 
Mie. Co. 

Dynamic and Carbon 
Jeandron. J. 

Mors anite Brush Co., Ine. 
National Carbon Co. 
Westinghouse Eectric 4 
Mfg. Co. 

Brush Holders 

Baylis Company 

Flower. D. B. 
Westinghouse Electric & 
Mfg. Co. 


Bus Bar Supporte 


General Electric Co. 
vengho Electric & 
Mfg. 


Bushings 
Standard Pressed Steel Co. 


Cables (See Wire & Cable) 


Cable Accessories 


Dossert & Co 
morue Service ao 


General Electric 
bah ys deca Electric & 


Chains, Power Transmission 


Diamond Chain & Mfg. Co. 
Link-Belt Co. 

Morse Chain Co. 
Philadelphia Gear Works 


Cireult 


Breakers 
Condit Electrical Mfg. Co. 
Cutter Co. 
e 


Co. 
Sundh Electric Co. 
Westinghouse Electric & 
Mfg. Co. 
Clamps 


Electric Service Suplies Co. 
General Electric Co. 
n Blectric & 
Mfg. i 


Cleats 


Square D. Co. 
Clutches 

Dodge Mfg. Corp. 

Weller Mfg. Co. 

Friction 

Allis-Chalmers Mfg. Co. 

Conway Clutch Co. 

Link-Belt Co. 


Magnetic 
Cutler Hammer Mfg. Co. 


and Ash Handling 
"Equipment 


Dodge Mfg. Co 
Link È Belt N. C. . 

Coll Winding Machines 
Armature Coil Equipment 


o. 

Electric Service Supplies Co. 

Mutual Foundry & Machine 
0. 


Coll ‘Winding Tools 
E Foundry & Machine 


Coils 


Choke 

American Transformer Co. 
Electric Service Supplies Co. 
General P Co. 
Porter 88 

Westinghouse bathe & 
Mfg. Co. 


B 


For the addresses of the 


manufacturers liste d 
here, please refer to 
their advertisements in 


this issue. The index to 
advertisers may be found 
on page 102. 


Coils, Induction 
American Transformer Co. 


Commutator Cement 
Porter & Ross. Inc. 


Commutator Slotters 
Porter & Ross. Ine. 


Commutator Stones 
Porter & Ross. Inc. 


Compensaters 
Automatic 
N Service Supplies 
0 


General Electric Co. 
Industrial Controller Co. 
Weatinghouse Electric & 
Mfg. Co. 
Manual 
Allis-Chalmers Mfg. 
Fairbanks-Morse Co. 
General Eectric Co. 
Industrial Controller Co. 
N Electric & 
Mfg. ; 


Co. 


Compressors, Centrifugal 
De Laval Steam Turbine Co. 


Conductors, Armored 
Tubular Woven Fabric Co. 


Conduit Fittings 
Erie Malleable Iron Co. 


Conduits 
American Circular Loom 


0. 
American Wiremold Co. 
Tubular Woven Fabric Oo. 


Connectors and Terminale 
Dossert & Co. 
General Electric 8 
Ohio Elect. & - Co 
Westinghouse * 


Control Systems 
Monitor Controller Co. 


Controllers 


Armored for Electric Circuite 
Ohio Elec. & Controller Co. 
Automatic 

Allen-Bradley Co. 

Clark Controller Co. 

Cutler Hammer Mfg. Co. 
EIEE Controller. & Mig. 


General Electric Co. 
Industrial Controller Co. 
Monitor Controller Co. 
Rowan Controller Co. 
Russell Mfg. Co. 

Sundh Electric Co. 
Westinghouse Electric & 
Mfg. Co 

Crane 


Bicone Controller & Mfg. 
o. 

Monitor Controller Co. 
Electric 


Industrial Controller Co. 
Monitor Controller Co. 
Ohio Elect, & Cont. Co. 


Pinger 

ee Mfg. Co. 
Not 

Allen-Bradley Co. 
Allis-Chalmers Mfg. Co. 
Clark Controller Co. 


Condit Electric Mfg. Co 
Electric Controller & Mfg. 


Co. 

General Electric Co. 
Industrial Controller Co. 
Monitor Controller Co. 
Rowan Controller Co. 
Square D. Co. 

Sundh Electric Co. 


Mfg. Co. 

Rheostatic 

Monitor Controller Co. 
Reversible 
Russell Mfg. Co. 


oe Controller Co. 


Monitor Controller Co. 


Temperature and Pressure 
Taylor Instrument Co. 


Conveyors 


Link-Belt Co. 
Weller Mfg. Co. 


Conveyors. Gravity 
Standard Conveyor Co. 


Oord, Fiexible 


Hubbell, Inc., Harvey 
Okonite Co., The 
Rome Wire Co. 

Tubular Woven Fabric Co. 
U. 8. Rubber Co. 


Cotton Yarns 


Worcester Bleach & 
Works Co. pys 


Philadelphia Gear Works 
Smith & Serrell 


Couplings. Shaft 
Standard Pressed Steel Co. 


Allen-Bradley Co. 
Clark Controller Co. 


Crane Meteors 
Sundh Electric Co 
W Mlectric & 

Cranes, Portable Electrie 
Elwell- Parker Co. 


Shepard Electric Crane 4 
Hoist Co. 


Electric Service Supplies 


MecGraw-Hfl Pook Co., Inc. 
Drives 


Belt 

F. L. Smidth & Co. 
Silent Chain 

Link-Belt Co. 
Dust Collecting Systems 
Kirk & Blum Mfg. Oo. 
Dynamos 

(See Generators & Motors) 
Electric Lighting 
Westinghouse Electric & 

Mfg. Co. 


Elevators & Conveyors 
Linde Belt Co. = 


Electric Testing Sets 
Porter & Ross. Inc. 


Enamels, Wire, Weed and 
Steel 


Impervious Varnish Co. 
Sterling Varnish Co. 
Bakiag 

Benolite Co.. Inc. 
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Pakonite 
Tapes 


Splice once and for all 


WHY waste time and money trying to make perma- 
nent joints with inferior tapes? 


With OKONITE TAPES you make splices once and for all which will be 
as strong electrically and as long-lived as the insulation on the wire itself. 


Ask about OKONITE TAPE, the rubber insulating tape made with the 
same high grade rubber, compounding ingredients, and care that 
characterizes OKONITE insulation. 


MANSON TAPE, the rubber filled cloth tape for the Mechanical pro- 
tection of joints, is unequalled in weathering quality and supreme for 
any service where the best is the first consideration. 


DUNDEE “A” and “B” TAPES, the next best friction tapes on the market, 
are suitable where conditions do not warrant the extra expense of Manson, 


Write to our nearest Office for Samples and Booklet 
The Okonite Company 
The Okonite-Callender Cable Company, Inc. 


Factories, Passaic, N. J. PATERSON, N. J. 


Sales Offices: New York, Chicago, Pittsburgh, St. Louis, 
Atlanta, Birmingham, San Francisco, Los Angeles, Seattle 


a F. D. Lawrence Electric Co., Cincinnati, O. 
Novelty Electric Co., Phila., Pa. Pettingell - Andrews Co., Boston, Mass. 
Canadian Representatives: Engineering Materials Limited, Montreal 
Cuban Representatives: Victor G. Mendoza Co., Havana 


x 


PE. 


. 


rae 


-e — 


Sb, 


98 


Engineers, Illuminating 
W Electric & 
Mfg. : 


Engines, Oil 
Allis-Chalmers Mfg. Co. 
Fairbanka-Morse & Co. 


Factory Furniture 
Standard Pressed Steel 
N Electric & 

Mfg. Co. 

Fan Hangers, Eleetrie 

Adam Electric Co., Frank 


Fan Motors 


General Electric Co. 

Kirk & Blum Mfg. Co. 
Westinghouse Electric & 
Mfg. Co. 


Fans 


Erhaust and Venttlating 
General Eectric Co. 
The Kirk & Blum Mfg. Co. 
National Screw & Mf. Co. 
Star Electric Motor Co. 
Sturtevant Co., B. F. 
Westinghouse Electric & 
Mfg. . 

Files, Commutator Slotting 
Martindale Electric Co. 


Fittings 

Pipe 

N Electric & 
Mfg. Co. 

Financial 

Hornblower & Weeks 


Fixtures, Lighting 
American Fixture Co. 
The Holophane Co. 
Westinghouse Electric & 

Mfg. Co. 


Industrial 

Benjamin Electric Co. 
Fire Extinguishers 
The Fyr-Fyter Co. 


Furnaces, Electric 

General Electric Co. 
Westinghouse Electric & 
Mfg. 

Fase Clips 

Reinforced Switch & Mfg. 


Trumbull Electric Mfg. Co. 
Fuse Plugs 
Hubbell. Inc.. Harvey 


Pierce Renewable Fuses, 
Inc 


Trico Fuse Mfg. Co. 
. ectric 4 
Mfg. s 

Fuses 


General Electric Co. 
Pierce Renewable Fuses, 


inc, . 
Trico Fuse Mfg. Co. 
Renewable 
Bussmann Mfg. Co. 
Tierce Renewable Fuses, 


Trico Fuse Mtg. Co. 
ee ectric & 


Non-Renewabdie. 
Trico Fuse Mfg. Co. 


Gears 
Cleveland Worm & Gear Co. 
Dodge Mfg. Corp. 
Falk Corp. 
Foote Bros. Gear & Mach. 
Genera Electric Co. 
Horaburgh & Scott Co., The 
James Mfg. Co.. D. O. 
Link-Belt Š 
Morse Chain Co. 
Nuttall Co.. B. D. 
Philadelphia Gent Works 
Smith. Winfield H. 
Westinghouse Electrie & 
Mfg. Co. 
Composition 
Formica Insulation Co., 


The 

Genera! Electric Co. 
Westinghouse Electric & 
Mfg. Co 


Forged 
Philadelphia Gear Works 
Helical 


ree Laval Steam Turbine 


Falk Corp. 
Foote Bros. Gear & Mach. 


Co. 
James Mfg. Co., Do. 


Herringbone 
Falk Corp. 
Foote Bros. Gear & Mach. 


Co. 
Horsburgh 2 Scott Co.. The 
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Double Helical 


De Laval Steam Turbine Co. 


Reducing 


Cleveland Worm & Gear Co. 


Foote Bros. Gear & Mach. 


Lo. 
Winfield H. Smith 


Spiral 
Foote Bros. Gear & Mach. 


Co. 
Horsburgh & Scott Co.. The 


Worm 
pe Laval Steam Turbine 
0. 
Horsburgh & Scott Co.. The 


Gear Blanks 
Non-Metalic 
The Formica Co. 


Generating Sete 
Allie-Chalmers Mfg. 
Crocker-Wheeler Co. 
General Electric Co, 
Marble-Card Electric Co. 
Triumph Electric Co. 
Westinghouse Electric & 

Mfg. Co. 


Co. 


Generators 
Allis-Chalmers Mfg. Co. 
Bodine Electric Co. 
Crocker- Wheeler : Co. 
Electro Dynamic Co. 
General Electric Co. 
Lincoln Electric Co. 
Marble-Card Elec. Co. 
Reliance Electric & Eng. Co. 
Star Electric Motor Co. 
Triumph Blectric Co. 
Weatinghouse Electric & 
Mfg. Co. 


Glue Pots 


Westinghouse Eectric & 
Mfg. Co. 


Grinders 
Bodine Electric Co. 
Martindale Electric Co. 
Tool 
Fafnir Bearing Co. 
Cringe Appliances 
. L. Smidth & Co. 


Grounding Devices 
Dossert & Co. 
Guards, Machinery 
The Kirk & Bium Mfg. Co. 


Hangers, Line Shaft 
55 Co. 
Dodge g. rp. 

Fafnir Bearing Co. 
Link-Belt Co. 

Rollway Bearing Co.. Inc. 
Standard Pressed Steel Co. 
Thompson Ejec. Co. 


Hangers, Post 
Standard Pressed Steel Co. 


Heating and Ventilating 
The Kirk & Blum Mfg. Co. 


Heating Devices, Industrial 
General Electric Co. 
ie bo ouse Electric & 


Wiegand Co., E. L. 


Hoists, Electric 
General Electric Co. 
Link-Belt Co. 
Shepard Electric Crane & 
Hoist Co. 


Hydraulic Turbines 
De Laval Steam Turbine Co. 


Indicators, Speed 
(See Tachometers). 


Industrial Ovens 
The Kirk & Blum Mfg. Co. 


Instrument Transformers 
American Transformer Co. 
General Electric Co. 
Roller-Smith Co. 
Westinghouse Electric & 

Mfg. Co. 


Instruments, Electrical 


Graphic 

General Electric Co. 

Jewell Electrical Instru- 
ment Co. 

Westinghouse Electric & 
Mfg. Co. 


Indicating 

‘Biddle. James G. 
General Electrie Co. 

Jewell Electrical Instru- 
ment Co. 

Roller-Smith Co. 

Taylor Instrument Co. 
Westinghouse Electric & 
Mfg. Co. 

Weston Electrical Instru- 
ment Corp. 


Integrating 

General Electric Co. 
Jewell Electrical Instru- 
ment Co. 

Westinghouse Electric & 
Mfg. Co. 


. and Testing Serv 


Biddle, James G. 
General Electrice Co. 
Jewell Electrical Instru- 
ment Co. 

Roller-Smith Co. 
Westinghouse Electric & 
Mfg. Co 


g. ; 
Weston Electrical Instru- 
ment Co. 


Insulating Materiatr 
Comp. Cloth and Paper 
General Electric Co. 
Mica Insulator Co. 
Westinghouse Electric & 
Mfg. Co. 


Compounds, Paints and 
Varnishes 
Benolite Co.. Inc. 
Dolph Co., John C. 
General Electric Co. 
Impervious Varnish Co. 
Irvington Varnish & 
Insulator Co. 
Martindale Electric Co. 
Mica Insulator Co. 
Okonite Co 
Sterling Varnish Co 
i Electric & 


Fibre, Tape and Webbing 
Irvington Varnish & 
Insulator Co. 


Insulators 
mee tris Service Supplies 


General Electric Co. 
Irvington Varnish & Insu- 


estin house Electric & 
Mfg. 


Fibre 
General Blectric Co. 
Tape and Webdi 
General Electric 

Mica Insulator Co. 
Okonite Co.. The 
U. 8. Rubber Co. 
ae ce Electric & 


Investments 
Hornblower & Weeks 


Joints 


Cable 8 
Dossert & 


Lamp Guards 
. Service Supplies 


Hubbil, Inc.. Harvey 
W house Electric 4 
g 


Lamp Locks. 
Ren Mfg. (Co. 


Lamps 


Are 

General Electric Co. 
Westinghouse Heetrie & 
Mfg. Co. 

Incandescent 

General Electric Co. 

The Holophane Co. 

. Nitrogen 

Westinghouse Electric & 
Mfg. Co. 


Lifting Magnets 
Electric Controller & Mfg. 


Go. 
Ohio Elect. & Cont. Co. 


Lighting, Industrial 
American Fixture Co. 
General Electric Co. 

The Holophane Co. 
National Screw & Mfg. Co. 
Westinghouse Electric & 
Mig. Co. 


Lightning Arresters 
N Service Supplies 


0. 
General Electric Co. 
Westinghouse Electric & 

Mfg. Co. 


For the addresses of the 
manufacturers listed 
here, please refer to 
their advertisements in 
this issue. The index to 
advertisers may be found 
on page 102. 


Line Materials 


8 Service Supplies Co. 


. ao 


Lubricants 
Standard Oil Co. (Ind.) 


Machine Racks 


Taos Bros. Gear & Mach. 
o. 


Magnetic Senarators 


Electric Controller & Mfg. 


Co. 


Magneta 
Cutler- Hammer Mfg. Co. 
Magnete, Lift 


Electric Controller & Mfg. 


Co. 
Ohio Elect. & Cont. Co. 


Material Handing Equip- 
ment 
Dodge Mfg. a om: 
Link-Belt 
Shepard Electric Crane & 
Hoist Co. 

Standard Pressed Steel Co. 
Weller Mfg. Co. 


Metal Stampings 
American Pulley Co. 
Dodge Mfg. Corp. 

The Kirk & Blum Mfg. 
Standard Pressed Steel Co. 


Meters 

General Electric Co. 
Roller-Smith Co. 
Westinghouse Slectric 4 
Mfg. Co. 


Meter Testers 


General Electric Co. 
Westinghouse Electric & 
Mfg. Co. 


Mica 
Raw and Producte 
Mica Insulator Co. 


Mica Under Cutting Ma- 
chines 
Hullhorst Micro Tool Co. 


Molding, Metal 
Appleton Electric Co. 


Motors 


Allis-Chalmers Mfg. Co. 
Baldor Electric Co. 

Century Electric Co. 
Crocker-Wheeler Co. 
Electro Dynamic Co. 
Fairbanks-Morse & Co. 
General Electric Co. 
Pewel Electric N Co. 


National Screw & Mfg. 
Ohio Elect. & Cont. Co. 
Reliance Electric & Eng. 


Star Etectric Moton Co. 
Sturtevant Co.. B. 
Triumph Electric os. 
oe Electric & 


Electric 


Ohio Elec. & Controller Co. 


Fractional F. P. 


Bodine Electric Co. 
Ohio Elect. & Cont. Co. 


Motor Generators 


Allis-Chalmers Mfg. Co. 
Bodine Electric Co. 

Burke Electric Co. 
Crocker-Wheeler Co. 

Ohio Elect. & Cont. Co. 
5 Electric & Eng. 


Triumph Electric Co. 
mesa house Electric & 
g. A 


Motor Generator Sets 
Bodine Electric Co. 


Oil Cups 
Gits Brothers Mfg. Co. 


Oil Engines 
Falk Corp. 


Oil Gages 
Gits Brothers Mfg. Co. 


Oil Purifiers, Centrifugal 


De Lava) Steam Turbine Co. 


Outlets 
American Wiremold Co. 


Ovens, Electric 
General Electric Co. 
Westinghouse Electric & 
Mfg. Co. 


Co. 


Co. 
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Paint Spray Brushes 
9 Paint Spray Brush 


Panel Boards 
Adam Electric Co.. Frank 
Benjamin mee es Co. 


c g 

Westinghouse Eectric & 
Mfg. Co. 

Panels, Switehboard 
General Electric Co. 


Westinghouse Electric & 
Mfg. Co. 


Pinlons 
8 Bros. Gear & Mach. 
0. 


Plugs 

Benjamin Electric Co. 
General Electric Co. 
Hubbell, Inc., Harvey 
Westinghouse Electric & 


Attachments 
Hubbell, Inc., Harvey 


Post Boxes 
Standard Pressed Steel Co. 


Potentiometers 

Biddle. James G. 

General Electric Co. 
Westinghouse Electric & 
Mfg. Co. 

Power Transmission Appli- 


ances 
Allis-Chalmers Mfg. Co. 
American Pulley 

Diamond Chain Te Mfg. Co. 
Dodge Mfg. Corp. 

Fafnir Bearing : 

raot Bros. Gear & Mach. 


James Mig. ee D. O. 
Link- Belt 


ar Inc. 
stander Pressed Stee] Co. 


Pressed Steel Parts 
The Kirk & Blum aie ce 
Standard Pressed Stee 


Projectors, Floodlighting 
Electric Service Supplies Co. 
Wero oghouse Electric & 


1 Co. 


Protective Coatings 
Benolite Co., Inc. 


Industrial Controller Co. 
Westinghouse Electric & 
Mfg. Co. 


Pulleys 
American Pulley Co. 


F beriag 8 
Link-Belt Co. ` 
Reeves Pulley Co. 
Rockwood Mfg. ge 
Smith. Winfiel 

Paper 

Rockwood Mfg. Co. 
Pull Sockets 

Hubbell. Inc.. Harvey 
Pum 

Boiler Feed 

De Laval Steam Turbine Co. 
Centr seat 


Allie-Chalmers Mfg. Co. 
De Laval Steam Turbine Co. 
Fire 
De Laval Steam Turbine Co. 
General Service 
De Laval Steam Turbine Co. 
Reciprocating 
Allis-Chalmers Mfg. Co. 
Stock 
De Lava! Steam Turbine Co. 


Pyrometers 
Taylor Instrument Co. 


Recorders. Temperature and 
Pressure 
Taylor Instrument Co. 


Rectifiers 

General Electric Co. 
Westinghouse Electric & 
Mfg. Co. 


Reflectors 
Benjamin Electric Co. 
The Holophane Co. 
Hubbell. Inc., Harvey 
National Screw & Mfg. Co. 
Thompson Electric Co. 
Westinghouse Electric & 
Mfg. Co 


am 


F 


December,1926 


INDUSTRIAL ENGINEER 99 


TIREX Motor Lead Cable being 
installed on railway motors at 
the Washington Railway & 
Electric Co., Washington, D. C. 


Thr 9 


Many ek 


—the cable to specify 
for motor leads 


Electric railways are regularly using TIREX Motor Lead Cable because they 
find it eliminates the costly cable lead troubles as one of their problems. 


Electric railway engineers were quick to learn the admirable qualities of 
TIREX Cables for motor leads. And any cable that will stand the rugged 
service required in electric railway operation, is a good cable to specify for 
your own motor leads. 


TIREX is as flexible as a rubber hose. Note the multiplicity of fine wires 
which make up the copper conductor. The conductors are insulated with a 
high grade rubber compound and the cable is protected by TIREX rubber 
armor which is almost wear-proof and satisfactory for all kinds of rough 
work. 


Notice, too, the special feature which distinguishes TIREX Motor Lead 
Cables from the regular line of TIREX Cables, the paper tape between the 
copper and rubber. “Skinning” cable for connections is easy because when 
the insulation is removed the conductor is left clean, ready for connecting 
to motor terminals. 


cette ter SIMPLEX WIRE & CABLE È 


indestructible cable. 


MANUFACTURERS 


Use the coupon. 201 DEVONSHIRE ST. ROSTON 


New York Chicago San Francisco Cleveland Jacksonville 


Simplex Wire & Cable Co., 
201 Devonshire St., Boston, Mass. 


Gentlemen: 

Please send me the Simplex Manual. U 
Please send quotation on ‘l‘irex Motor Lead Cables. [_ 
8d ams aee No. of Conductors............. 
Voltagsss aeecugee CCC 


( ⁰⅛˙růeS rm ³· Ge x cea 
Nac ⁵ð⅛ ↄ Pÿ f Ree EES 


100 


Regulators 
Controller 


. Controller Co. 
nduction retinas 


Westinghouse Eilectric & 


Procure 
aod Controller & Mfg. 


Speed 

Industrial Controller Co. 
Temperature and Pressure 
re Controller & Mfg. 


Taylor Instrument Co. 
s, Overload 

Allen- Bradley Co 

Repair Data 

Cutler Hammer Mach. Co. 

McGraw-Hill Book Co., Ine. 

Resistance Units 

General Electric Ora 

Monitor Controller Co. 

F Electric & 


Bheostats 


Allen-Bradley Co. 
Biddle. J. G. 
Cutler Hammer Mfg. Co 


Electric Controller & Mfg. 


General Electric Co. 

i dela Conta id 88 
onito ntroller N 

Wa Electric 4 


Rivete 


Hubbell, Inc.. Harvey 
National Screw & Mfg. Co. 


Zoller Chains 
Link-Belt Co. 


Rosettes 
Hubbell. Inc., Harvey 


Schools 
Ft. Wayne Correspondence 
School 


Screw Machines, Automatic 
Standard Pressed Steel Co. 


Serews 

Hollow, Cap and Set 
National Screw & Mfg. Co. 
Standard Pressed Steel Co. 
Machine 

Hubbell. Inc.. Harvey 


Oral a 
General Electric Co. 
Westinghouse Electrie & 
Mfg. Co. 
Second-Hand Appara 
(506 Searchlight Section) 
gory Electric Co. 


Shapes. Pressed Steel 
American Pulley Co. 

The Kirk & Blum Mfg. Co. 
Silent Chain Drives 
Link-Belt Co. 

Morse Chain Co. 


Slot Cleaning Tools, Com- 
mutator 
Martindale Electric Co. 
e Bacionent cn 
Green pmen ; 
Hullhorst Micro Tool Go. 
Martindale Electric Co 
Sockets and Receptacies 
Benjamin Electric Co. 
General Electric Co. 


Hubbell, Inc. Hayo 
Westinghouse Electric 


Bolder 
Allen Co., L. 
Westinghouse Ritectrio & 
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Allen Qo.. L. B. 


8: Heaters 
tler-Hammer Mfg. Co. 
Westinghouse Blectric & 
Mfg. Co. 


Wiegand Co., Edwin L. 


8 Reducers 
alk Corp. 
Foote Bros. Gear & Mach. 


Co. 
Horsburgh & Scott Co., The 
James Mfg. Co.. D. 0. 
r Gear Works 
Smith, Winfield, H. 
Reducers (Chain) 
-Belt C 

Moree Chain Co. 

Speed Transformers 


De Laval Steam Turbine Co. 


Sprockets 
Diamond Chain & Mfg. Co. 
Dodge . 
James Mig. Co.. D. O. 
t Co. 


Morse Chain Co. 

Philadelphia Gear Works 
Stampings & Drawings 

The Kirk & Blum Mig. Co 
Starters, Motor 

(See Controllers) 


Steam Turbines 
re Laval Steam Turbine 


Stones, Commutator 
Green Equipment Dop: 
Martindale Electric Co 


Strip Heaters 
Westinghouse Electric & 
Mfg. Co. 


Wierand Co.. Edwin L. 
Sabstations, Outdoor 
Genera] Electric Co. 
The Holophane Co. 
W Elec. & Mfg. 


General 

Hubbell, Inc., Hae 
Lincoln Electric Co. 
Westinghouse Elec. & Mfg. 


Supplies, Railway 
Electric Service: Supplies 


Co. 
General Electric Co. 
N Elec. & Mfg. 


. re 
Electric Co., Frank 
acne Electric 
Trumbull Electric Mfg. oo 
. Elec. & Mfg 


Switchboards 

Adam Electric Co.. Frank 
Allen-Bradley Co. 
Allis-Chalmers "Ir Cu. 
Condit Electric ç. Co. 
General Electric Co. 
5 1-Vanderpoel 


ectric Co. 
— Elec. & Mfg. 


Pati 
F 


Cra 
QEN enone m Elec, & Mfg. 
0. 


Air Brake and Pole Tes 
Condit Electrical Mfg. Co. 
General Blectric Co. 

Union Electric Mfg. Co. 


Co. 

Industrial controller Co. 
Monitor Controller Co. 
8 Bilectr 


undh c Co. 
Union Elec. a Mfg. Co. 
ä Elec. & 


Dieconnecting 
Electric Service Supplies 


Co 
Float 
PETER Electric Co. 


Industrial Controller Co. 
Westinencuee Elec. & Mfg. 


Knife 
Adam Electric Co., Frank 
Condit Hlectrical Mfg. Co. 


Cutter Co. 
General Electric Co. 


Trumdull-Vanderpoel 
Blectric Co. 

Westinghouse Elec. & Mfg. 

a tic 

Alon Bradley 


Industrial Controller Co. 
Monitor Controller Co. 
Bowan Controller Co. 
Sundh Blectric 


Allen-Bradley Co. 
Condit Electrical Mfg. 


Co. 
General Electric Co. 


W Elec. & Mfg. 


Push Button 

Hubbell, Inc., Harvey 
Remote Control 
Allen-Bradley Co. 
Electric Controller & Mis. 


Co. 

General Electrie Co. 
Industrial Controller Co. 
Monitor Controller Co. 
Rowan Controller Co. 
Sundh Electric Co. 
5 ouse Elec. & Mfg. 


—r....ññ⏑çét];ßPü——:;. ;... 


For the addresses of the 
manufacturers listed 
here, please refer to 
their advertisements in 
this issue. The index to 
advertisers may be found 
on page 102. 


Westinghouse Dee. & Mfg. 


Co. 
Electric Controller & Mfg. 


Hees Controller & Mfg. 


Westinghouse Elec. & 1 8 


5 Switch & Mfg. 
Trumbull Mectric Mfg. Co. 


Co. 
as Controller & Mfg. 


Co. 
Westinghouse Bloc & Mfg. 


Co. 
Electric Controller & Mfg. 


Safety Enclosed — 
Adam Electric Co., Frank 
General ro Co. 


Square D Co. 

Trumbull Biectric Mfg. Co. 
Trumdull-Vanderpoel 
Electric Co. 


N Elec. & Mfg. 


Series 
Electric Controller & Mfg. 


Co. 

General Electric Co. 
Monitor Controller 
N Elec. 


Snap 

Hubbell, Inc., Harvey 
Surface and Flush 
Generai Electric Co. 
Trumbull Electrical Mfg. 


Co. 
None ee Elec. & Mfg. 


Co. 
& Mfg. 


Time 

General Electric Co. 

Westinghouse Elec. & 
0. 


Synchro 
Allen-Bradley Co. 
piste Controller & Mir. 


8 

3 Co. 
Roller-Smith Co. 
Westinghouse Elec. & Mfg. 


Co. 

Weston Electrical Ins't. 
Corp. 

Tachometers 

Biddle, James G. 
Westinghouse Elec. & Mfg. 


Tanks. Welded 
The Kirk & Blum Mfg. Co. 


Friction 
Porter & Ross. Inc. 
Rubber 
Porter & Ross. Inc. 


Okonite Co., The 
U. 8. Rubber Co. 

Testing Apparatus 
American Transformer Co. 
Biddle. James G. 

Kentut Electrical Co. 
Gener ectric Co. 
Roller-Smith Co. 


D Co. 
—— Elec. & Mfg. 


Co. 
Weston Electrical Ins't. 
Corp. 

Thermometers, Indicating & 


Recording 
Taylor Instrument Co. 
Tools 
Klein & Sons. Mathias 
Koch & Co., Paul W. 
Electric 
Porter & . Inc. 


Allis-Chalmers Mfg. Co. 
American Transformer Co. 
General Electric Co. 
Kuhlman 5 = 
Porter & Ross 
Westinghouse Mae“ 4 Mfg. 


Transmission Machinery 
Standard Pressed Steel Co. 
Transmissions 


James Mfg. Co., D. O. 
peed 
Reeves Pulley Co. 
Bearing 
Reeves Pulley Co. 


| Variable 8 


Trucks 
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Tree Wire 
Okonite Co. 


& Tractors 
Ind 


ustrial E 
Elwell-Parker Electric Co. 


Tubing, Light Wall met 
arican Circular 


9 Machines, 


Hullhorst Micro Tool Co. 
Varnish, 


Insulating 
Benolite Co.. Inc. 
Sterling Varnish Co. 


Varnishes, Cable 
Impervious Varnish Co. 


Ventilators 


ectric Oe. 
NN Elec. & Mfg. 


Electric 

Lincoln Electric Co. 
Welding Machines 

General Riectric Co. 

Ton ence Mec. & Mig. 
Wires and Cables 

Asbestos C 


overed 
American Stee! & Wire Co. 
Rock beatos Co. 


Insulated 

American Steel & Wire Co. 
Okonite Co., 

Tubular Woven Fabrice Ce. 
York Insulated Wire Co. 
Magnet 

American Steel & Wire Co. 
Maring Wire Co. 

Porter & Ross, Inc. 

Rome Wire Co. 


Magnet, Enameled 
Rome Wire Co. 


rarer Plexibdie 

American Steel & Wire Co. 

Rome Wire Co. 

Simplex Wire 4 Oabie Qo: 
Tubular Woven Fabric 

Resistance 

General Blectrie Co. 

N Elise. & Mfg. 

Rope á 

American Steel & Wire Oo, 


Rubber Covered and 
Weat 


Underground (Cable) 
American can Steel & Wire Co. 
Rome 


Welding 
Lincoln Electric Co. 


Varnished Cambric 
Okonite Co.. The 


Baldor Electric Motors 
Ball Bearing 


i eee 


IRVINGTON VARNISH 


For Dipping and Baking 


Dipping with Irvington Varnish Single Phase Horizontal & 
and then baking will make your Repulsion Type Vertical Design 
armatures good for many years’ — 
additional service. Prepare now Semi and 
for the heavy overloads of winter Direct Current Totally Enclosed 
time operation. Place that order — 

today. Our nearest sales re pre- 

sentative will be prompt in serv- Polyphase Back Geared 


Insulator Co. Baldor Electric Co. 
Irvington, N. J. E 4351-55 Duncan Ave., St.Louis ! Mo. 
munen, 7 „Imi ummummmmmmmmmnummmmmmmmmm mmm 


ing you. 


Irvington Varnish & 


Superior in Quality 
Competitive in Price 
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ane. 
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DCR 


REG. U.S PAT. OFF 


Heavy Duty Portable Cord 


You can treat it 
rough! 


Take a tip from the big boys—they 
pick Duracord ’cause it won’t quit on 
the job, it’s tough, stands abuse, and 
lasts longer. Put Duracord on yer 
toughest one see for yerself. 


Your Electrical Jobber stocks DURACORD 
It's one of the DURABILT PRODUCTS 


Made by the Tubular Woven Fabric Company, 
Pawtucket, R. I. 


j 
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Conway Clutch Co....... ... 83 
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National Carbon Co. ....... 39 


National Electric Light 
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National Screw & Mfg. Co. 80 
Newark Transformer Co. ... 11 
New Departure Mfg. Co.... 37 
Norman-Hoffman Bearings 
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Philadelphia Gear Works. 86 
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| BENOLITE INSULATING VARNISHES | 


do more than form a barrier against electric current. 


They afford protection against 


Heat, because they have extra long life. 

Moisture, because they are moisture resisting. 
Abrasion, because they are hard and tough. 
Vibration, because they possess excellent binding 


Why not adopt Benolite Varnishes in your plant and minimize insulating costs? 
our engineers specify for your requirements 


They afford protection against inferiority in . 


because they 


Are made by experienced varnish makers. 
Supervised by interested executives. 
Specified by practical engineers. 
Used by exacting repair shops. 


We will be pleased to have 


BENOLITE COMPANY 
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Schwarze Electric Co. ...... 50 
Searchlight Section 94 
Shepard Electric Crane & 
Hoist oh 8 74 
Simons Paint Spray Brush 
GGG 8 90 
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Smith & Serrell ........... 58 
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Trumbull Electric Mfg. Co., 
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Trumbull-Vanderpoel Electric 
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York Insulated Wire 77 


MANOR : 


Laboratories: 
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This advertisement may be read 
by an engineer who understands 
electricity from A to Z. It may be 
read by an executive who knows 
little or nothing aboutit. Yet, both 
are interested in giving their plant 
equipment the finest protection 
they can secure. 


U-Re-Lite has been built out of an 
experience that dates back over 38 
years in the Circuit Breaker art. 
You can get nothing finer—nothing 
more dependable — nothing more 
economical and trouble-free in 
operation than U-Re-Lite—for 
absolute protection against the 
ever-present dangers of short cir- 
cuits and electrical overloads, 
x 


Acopy of the ninety-six page U-Re-Lite 
handbook will be mailed on request 
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As they 


Class: 7107. D. C. 
Starter—Time Limit 
Acceleration 


Fer John B. Stetson Company 


James Black, Electrical Engineer, John B. Stetson Company, Philadelphia, says: 
“We are using about 300 I-C Across-the-Line Automatic Starters, classes 
7110, 7120 and 7107, on D. C. motors ranging from ½ to 50 H. P. Practically 
70% of our drive motors are so equipped, and we are buying no more hand 
starters. 

“In several instances we have more than one push button to control motors 
driving line shafts. In our machine shop, for instance, in a space of about 100 
feet, any one of 3 push buttons will stop or start the main motor. This saves 
time and power and is invaluable in emergencies. 

“With the old type open switches, operators were sometimes burned; and 
in damp places, such as our sizing department, an open switch or a hand 
starter was actually dangerous. I-C starters are always safe. 

“These automatic starters are easy to install and cost little to maintain. 
Many of our I-C starters are equipped with overload relays, which protect 
motors and machinery, and save time lost in locating and replacing blown fuses. 

“Service from Industrial Controller Company has been very satisfactory.” 


Industrial Controller Co. 


MILWAUKEE, WIS. U.S.A. 
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